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ACRONYMS
AAQS

Ambient Air Quality Standards

AQMP

Air Quality Management Plan

CAAQS

California Ambient Air Quality Standards

CARB

California Air Resources Board

CEQA

California Environmental Quality Act

CO

Carbon Monoxide

CO2

Carbon Dioxide

CO2EQ

Carbon Dioxide Equivalent

DEIR

Draft Environmental Impact Report

DPM

Diesel Particulate Matter

EIS

Environmental Impact Statement

FHWA

Federal Highway Administration

FTA

Federal Transit Administration

GHG

Greenhouse Gasses

HDDT

Heavy Duty Diesel Truck

LST

Localized Significance Threshold

MATES IV

Multiple Air Toxics Exposure Assessment IV

MSAT

Mobile Source Air Toxic

NAAQS

National Ambient Air Quality Standards

NEPA

National Environmental Protection Act

N 2O

Nitrogen Dioxide

NOX

Nitrogen Oxides

PM2.5

Particulate Matter with a Diameter of 2.5 microns or less

PM10

Particulate Matter with a Diameter of 10 microns or less

ROG

Reactive Organic Gas

ROW

Right of Way

RTP

Regional Transportation Plan

SCAB

Southern California Air Basin

SCAQMD

South Coast Air Quality Management District

SIP

State Implementation Plan
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1.0 Introduction
The purpose of this report is to present the findings of our review of the air quality,
greenhouse gas, and health risk impact analyses presented in the SR-710 North
Study DEIR/EIS.
We have determined that the DEIR/EIS has significant
deficiencies that should be corrected prior to taking any action on any of the Project
alternatives.
Section 3.0 of this report provides an overview of the flaws in the air quality,
greenhouse gas, and health risk impact analyses. The primary shortcomings of the
analysis include: (1) an incorrect finding of no significant impact and inadequate
mitigation for short-term construction emissions; (2) an inadequate and poorly
documented analysis of particulate hotspots; (3) the use of an oversimplified
methodology to calculate cancer and non-cancer health risks; (4) an incorrect
significance finding for health risk impacts; and (5) an incomplete estimate of
greenhouse gas (GHG) emission increases. Further, the effects of traffic modeling
issues on the air quality analysis are also presented.
Section 2.0 presents a more detailed accounting of the deficiencies identified in
section 3.0. Because section 2.0 is more comprehensive than the points raised in
section 3.0, and because certain of this more comprehensive analysis may raise
slightly different issues than those raised in section 3.0, we respectfully request
that Caltrans prepare responses to each of the comments raised in this entire
report.

2.0 Overview Comments
The following presents an overview of our comments on the DEIR/EIS document.

2.1 Construction Emissions
1)

The construction emissions analysis does not clearly state whether the fugitive
dust calculations assumed the implementation of measures, such as regular
site watering or other dust preventive measures. This assumption should be
clearly stated presented.

2)

The DEIR/EIS does not specify a significance threshold for construction
emissions.
The document should clearly specify the threshold used to
determine whether or not the project’s construction impacts would be
significant.

3)

The DEIR/EIS compares the project’s operational regional emissions, Table
3.13.10 (p. 3.13-29) with the SCAQMD recommended operational regional
significance thresholds.
The DEIR/EIS concludes that the alternatives’
operational emissions are well below these thresholds. However, the DEIR/EIS
makes no mention of the equivalent SCAQMD construction regional significance
thresholds in Table 3.13.4 (p. 3.13-11). Construction emissions are well
above the SCAQMD thresholds. Why does the document cite the SCAQMD
significance thresholds when the comparison is beneficial but ignore them
when they contradict the finding of no significant impact? The constructionrelated emissions from all alternatives exceed the thresholds for one or more
pollutants by as much as 10 times. For the analysis to conclude that there will
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be no significant impact it must demonstrate that construction emission will be
less than the SCAQMD thresholds with implementation of the specified
mitigation.
4)

Although the construction of the Freeway Tunnel Alternatives would generate
approximately twice the NOX and particulate exhaust emissions as the
TSM/TDM, BRT and LRT alternatives, the DEIR/EIS does not provide the most
stringent measures to reduce these emissions.
Avoidance, minimization
and/or mitigation measure AQ-4 would be applied to construction of the
Freeway Tunnel Alternatives while AQ-5 would be applied to the TSM/TDM,
BRT, and LRT alternatives. Measure AQ-5 calls for compliance with the Metro
Green Construction Policy, which would require the use of Tier 4 rated off-road
equipment and on-road haul trucks that are model year 2007 or later.
Compliance with the Metro Green Construction Policy for the Freeway Tunnel
Alternatives would reduce exhaust particulate and NOX emissions by
approximately 90% from the estimate presented in the DEIR/EIS. AQ-4
contains no such restrictions and AQ-2 would only require that Freeway Tunnel
Alternatives to use Tier 3 or better off-road construction equipment with no
restrictions on haul trucks. AQ-4 would reduce only a fraction of the NOX
emissions, those from off-road equipment but not haul trucks, by
approximately 33% and would not reduce particulate emissions. The DEIR/EIS
must justify the use of less stringent measures to mitigate the Freeway Tunnel
alternatives’ construction impacts.

5)

Avoidance, minimization and/or mitigation measure AQ-4 addresses asphalt
batch plant emissions.
However, the DEIR/EIS’s construction emissions
calculations do not appear to include any fugitive asphalt emissions. Nor are
these emissions discussed in the DEIR/EIS or its air quality technical
appendices. The Freeway Tunnel Alternatives would likely require asphalt
paving; fugitive ROG emissions from this paving must be included in the
construction emissions calculations.

6)

Avoidance, minimization and/or mitigation measure AQ-1 calls for compliance
with SCAQMD Rule 403. Rule 403 requires all operations to implement the
Best Available Control Practices. These Practices are presented in Table 6.1 of
the Air Quality Assessment Report. The rule contains additional requirements
for large operations which are defined as those involving 50 or more acres or
with a daily throughput of 5,000 cubic yards or greater. The DEIR/EIS does
not provide enough information to determine if any of the Build Alternatives
would be defined as Large Operations under Rule 403. However, the DEIR/EIS
should commit to incorporating the Large Operations Rule 403 requirements
for the LRT and Freeway Tunnel Alternatives to provide the greatest amount of
fugitive dust minimization as possible.

7)

SCAQMD recommends assessing potential localized impacts from construction
activities yet no such analysis was included in the DEIR/EIS. A localized
impact analysis would determine whether or not construction has the potential
to either create any exceedances of the ambient air quality standard (AAQS) or
make worse any existing exceedances of the AAQS. SCAQMD developed its
Localized Significance Threshold Methodology (LST) to make it easier for
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smaller projects, less than five acres, to assess these impacts. Most of the
TDM/TSM, and BRT construction activities and LRT station construction fall into
this category. The LST methodology provides on-site emissions lookup tables
to determine whether the emissions have the potential to create an
exceedance of the AAQS or worsen an existing exceedance. Projects that
include construction activities on sites larger than five acres are required to
demonstrate compliance with SCAQMD standards by conducting dispersion
modeling. These analyses must be undertaken in order for the DEIR/EIS to
assess whether the project will result in a significant impact under CEQA
checklist item III(b).
8)

Section 6 of the DEIR/EIS’s Air Quality Analysis Report presents two lists of
measures to reduce or minimize construction related emissions. The first list is
described as “regulatory measures.” However, only the first two measures fit
this description. The second list is described as a list of “Caltrans standard
measures.” All of the items from both of these lists are mitigation measures
typically applied to construction projects in the South Coast Air Basin.
However, only a few of these measures have been incorporated into the
avoidance, minimization, and/or mitigation measures presented in Section
3.13.4 of the DEIR/EIS. All of the measures presented in Section 6 of the Air
Quality Analysis Report should be required mitigation measures for the
Project’s significant construction-related air quality impacts.

9)

The DEIR/EIS does not quantify the estimated emission reduction potential of
each mitigation measure. The DEIR/EIS must provide these estimates to
determine whether these measures would effectively reduce the constructionrelated emissions from each project alternative to a less than significant level.

2.2 Operational Emissions
10) The DEIR/EIS, the Air Quality Analysis Report and the Health Risk Assessment
show that emission concentrations in the future would be less than current
pollutant concentration levels. The DEIR/EIS attributes these reduced pollutant
concentrations to the project. However, this conclusion is unsupported by
evidence. These considerable reductions will occur independent of the project
due to turnover of older vehicles with newer vehicles that comply with
increasingly stringent vehicle emission standards.
While CEQA generally
requires an analysis of a project’s environmental impacts against a baseline of
existing conditions, in this instance, such a comparison would not accurately
depict the project’s impact on air quality or health risk. A comparison of future
conditions to existing conditions does not provide an independent measure of
the Project’s impacts.
Instead, it demonstrates the effects of the
implementation of more stringent vehicle emissions standards in combination
with the project. Because this methodological approach incorrectly mixes the
project’s emissions together with future background emission concentrations,
there is no way to isolate the emissions that would be generated by the
Project. The analysis must be revised to include two future scenarios. The
first scenario would identify future concentrations without the project. The
second scenario would identify future concentrations with the project. The
difference in emission concentrations between the two scenarios would show
the effects of the Project.
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11) The DEIR/EIS and Air Quality Analysis Report do not provide any details of the
specific data used in the quantitative particulate hotspot dispersion modeling.
The modeling input parameters, such as traffic volumes and speeds, emission
factors and specific receptor locations must be identified. These modeling
assumptions were provided for the health risk dispersion modeling, so we can
find no logical explanation for not identifying this data for the particulate hot
spot analysis.
12) The Health Risk Assessment technical document provides a reasonable amount
of documentation of the input parameters used for the MSAT dispersion
modeling. This data and the methodology description show that the dispersion
modeling utilized average daily traffic volumes and speeds. However, this
methodological approach is incorrect as it does not properly account for diurnal
variations in traffic characteristics—increased emissions during peak commute
hours, slightly lower emissions during midday, and considerably lower
emissions overnight—and how they interact with the diurnal weather
conditions that affect how pollutants are dispersed. The use of average traffic
characteristics would tend to compress the modeling results. That is, if the
diurnal traffic variation was properly accounted for, some receptors would have
higher concentrations and others would have lower concentrations. These
errors could be amplified because the project’s impact is based on the
difference between two modeled scenarios, i.e., conditions with and without
the project. Large differences would occur if diurnal variations in emissions
and dispersion under no project conditions were “out of sync”—i.e. the highest
emissions occurring during periods of high dispersion (afternoons/evenings)—
and were “in sync”—i.e. the highest emissions occurring during periods of low
dispersion (late nights/early mornings)—under with project conditions.
Section 5.3.2 of the EPA’s “Transportation Conformity Guidance for
Quantitative Hot-Spot Analyses in PM2.5 and PM10 Nonattainment and
Maintenance Areas” describes the preferred methodology for accounting for
diurnal traffic variation. EPA’s methodology separates the diurnal variation
into four periods, AM peak, midday average, PM Peak period, and overnight
average. This method adequately captures diurnal emission variations that are
lost with the use of average daily emission characteristics. The HRA modeling
must be revised with this more accurate methodology to ensure that impacts
are accurately assessed.
13) As discussed in Comment 11, the DEIR/EIS does not disclose the modeling
input data assumptions used in the particulate hotspot analysis. However,
there are indications that the hotspot analysis used the same errant modeling
(i.e., the use of average daily traffic volumes and speeds) as the HRA. If this is
the case, the particulate hotspot analysis must be revised so that with the
more appropriate EPA methodology.
14) The dispersion modeling for the quantitative particulate hotspot and HRA also
err in the use of average speeds to determine emission factors. As discussed
in comments 12 and 13 above, both models appear to have used average daily
speeds to determine the emission factor. In addition, it appears that the
particulate hot spot and HRA model used average bi-directional speed. This
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approach is also incorrect. Speeds and emission factors are not linearly
correlated. For most pollutants, emissions per mile are greatest at low and
high speeds and minimal at medium speeds. For particulate matter, emissions
are at a minimum between 35 and 40 mph, increasing at lower and higher
speeds. PM10 emission factors between 0 and 5 mph are approximately 20%
higher than the mid-speed minimum emission factor and approximately 7%
higher between 65-70 mph. PM10 emission factors are approximately 40%
higher between 0 and 5 mph and approximately 15% higher between 65-70
mph.
Because emission factors and speed are not linearly correlated,
multiplying the average traffic volume with the emission factors based on
average speed does not result in the average emissions. Further, average
speeds would tend towards the minimum emission factor, incorrectly
minimizing emissions.
When the dispersion modeling is revised to properly account for diurnal traffic
variations, emissions should be determined for each travel direction based on
the speed and volume in each direction and then combined for model input.
15) In addition to the fact that the particulate hotspot analysis relied on improper
methodology, the analysis has additional flaws. First, it does not identify the
intended purpose of the particulate analysis, which is to determine whether a
project’s increase in particulate pollutants would create or make worse any
exceedances of the ambient air quality standard (AAQS). Specifically, a hot
spot analysis is prepared so that the agency is able to compare air quality
concentrations with the proposed project (the build scenario) to air quality
concentrations without the project (the no-build scenario).
Second the DEIR/EIS does not identify the threshold for determining the
significance of the project’s impact. A threshold of significance is generally a
numeric or qualitative level at which impacts are normally less than significant.
Here, the threshold of significance would be a design value that describes a
future air quality concentration in the project area that can be compared to the
AAQS.
Third, the analysis does not appear to have included background
concentrations in the Project area. Background concentrations account for all
other sources of pollution within the project area. A determination of a
project’s effect on particulate AAQS must necessarily take into account
background particulate concentrations. The DEIR/EIS displays the results of
the particulate hotspot analysis in Tables 3.13.7 through 3.13.9. These tables
show PM10 and PM2.5 concentrations by Project alternative for the opening year
(2025) and horizon year (2035). The values depicted in these tables appear to
only include pollutant concentrations from the sources, i.e., vehicles on
freeways and arterial streets. The modeled 24 hour PM2.5 concentration shown
in Table 3.13.7 is just more than one tenth of the average of the three most
recent years of measured concentrations at the Main Street Los Angeles
monitoring station presented in Table 3.13.2. The modeled annual PM2.5
concentration is three and a half times lower than the measured and the 24hour PM10 concentration is four times lower.
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Fourth, the DEIR/EIS does not identify pollutant concentrations at each
potentially affected receptor location. Tables 3.13.7 through 3.13.9 appear to
show only the highest modeled concentration for each scenario at one
(unspecified) receptor location. The analysis should have identified particulate
concentrations on a receptor-by-receptor basis. It is necessary to calculate
the design values for all receptors in the build and no-build scenarios to
determine whether there would be violations of the AAQS at each receptor
location.
Fifth, the DEIR/EIS does not even compare the particulate pollutant
concentration at the one receptor location it does identify to the AAQS.
Finally, the DEIR/EIS only addresses Federal PM10 AAQS; it does not address
the State AAQS. The analysis must address all applicable federal and state
AAQS. This analysis is especially important, as the state standard is more
restrictive than the federal standard.
16) The DEIR/EIS does not provide an adequate analysis of the Project’s
cumulative air quality impacts. First, in the discussion of CEQA checklist
question III(c) (Page 4-7), the DEIR/EIS concludes that the project
alternatives, in combination with the other cumulative projects would not
contribute to a cumulative temporary air quality impact. The DEIR/EIS errs in
this conclusion. The document asserts that Mitigation Measures AQ-1 through
AQ-4 would reduce the project’s construction-related air quality impacts to a
less than significant level. As explained earlier in this report, there is no
evidence to support this conclusion. Consequently, the project’s cumulative
impacts would be significant. Second, also in the context of question III(c),
the DEIR/EIS includes a discussion of mobile source air toxics. However, this
CEQA checklist question only addresses criteria air pollutants. The DEIR/EIS
concludes that “cumulative air quality impacts related to a net increase of any
criteria pollutant for which the project region is in nonattainment would be less
than significant with construction of the Build Alternative in combination with
these projects.”
However, this conclusion regarding criteria pollutants is
derived from a discussion of MSAT and the conclusion does not logically follow
from the argument. The EIR/EIS must evaluate whether the project’s increase
in criteria air pollutants, together with criteria air emissions from other
cumulative projects would result in cumulatively significant air quality impacts.
17) The response to checklist question III(d) in the DEIR/EIS (Page 4-7) states
that the Health Risk Assessment shows that “the Build Alternatives would not
result in a significant increase or significant cumulative increase in criteria
pollutants that are in non-attainment.” However, the Health Risk Assessment
analyzes the impacts of air toxics and in no way addresses criteria pollutants.
The conclusion does not logically follow the argument presented.
18) The response to checklist question III(d) in the DEIR/EIS (Page 4-7) states,
“the Build Alternatives would reduce cancerous and non-cancerous chronic and
acute risks in the region.” However, this remark is not supported and even
contradicted by the DEIR/EIS’s Health Risk Assessment. The Health Risk
Analysis shows that the Freeway Build Alternatives will result in cancer risk
increases greater than the significance threshold of 10 in a million. This is
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when the actual impact of the project is measured using the Health Risk
Assessment’s Scenario 2 which compares future conditions with and without
the project. The Health Risk Assessment’s Scenario 1 does not provide a
measure of the build alternative impacts as it compares future conditions with
the project to existing conditions without the project. Nearly all of substantial
cancer risk reductions shown under Scenario 1 are due to stricter vehicle
emissions regulations including those enacted as part of the State’s Diesel Risk
Reduction Program. Scenario 2 compares conditions with and without the
build alternatives with no other changes to the environment and therefore,
accurately reflects the impact of the alternatives.
The analysis shows that a larger area will experience decreases in cancer risk
than will experience increases. Yet, this is not an accurate measure of the
relative overall risk. If all of the increases occur in residential areas and all of
the decreases occur in non-residential areas, then the overall net effect could
be negative (note this is provided as an example we are not arguing that is the
case). As discussed in the HRA section of this report, a burden analysis should
be performed to calculate the change in cancer cases by applying the risk to
census tracts. This analysis is required to demonstrate whether the project
would have a net benefit or impact in terms of cancer cases.
19) The DEIR/EIS’s HRA concludes that the project will not result in any noncancer health risk impacts based on the difference in the acute and chronic
hazard indices (HIA and HIC) with and without the project. However, this is
not a complete analysis of the project’s potential impacts. The hazard indices
are a measure of when adverse non-cancer health effects begin to occur. An
absolute hazard index of less than one indicates that there is no potential for
adverse non-cancer health impacts. A hazard index greater than one indicates
that there may be adverse non-cancer health effects. A hazard index of one is
the threshold between when no adverse effects are anticipated and when
sensitive persons would begin to have adverse health effects. The amount
that a hazard index exceeds one does not provide any additional information
regarding the level of impact.
In addition to determining if the emissions associated with project itself would
result in a hazard index of one, the analysis needs to determine if there are
any areas exposed to hazard indices of less than one without the project that
would be exposed to a hazard index of greater than one with the project.
Under this condition, the project would result in adverse health effects that
would not occur without the project. This would represent a significant impact.
20) The DEIR/EIS evaluated cancer risks using the methodology described in the
2003 Office of Environmental Health Hazard Assessment’s (OEHHA) Guidance
Manual for Preparation of Health Risk Assessments. In February of 2015, the
OEHHA published revised Guidelines with a new methodology to calculate
cancer risks that accounts for children’s’ increased sensitivity to toxic air
pollutants. This new methodology multiplies the risk due to exposure between
the start of the third trimester in the womb and the second birthday by 10 and
the risk between the second birthday and the sixteenth birthday by 3. The
new methodology results in considerably higher cancer risk estimates than the
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prior methodology. The Technical Support Document for the Guidelines that
describe the new methodology was adopted by the OEHHA in 2012 after
undergoing public review. The 2012 Technical Support Document incorporated
a decades worth of knowledge since the methodology presented in the 2003
Guidelines used to calculate cancer risks for the DEIR/EIS. Cancer risks need
to be estimated using the revised methodology as using the outdated
methodology likely results in unidentified significant impacts.
21) The greenhouse gas (GHG) emissions presented in the Air Quality Assessment
Report and the DEIR only include those emitted from vehicles within the study
area.
GHG Emissions will also be produced through the generation of
electricity used by the project. For the TDM/TSM and BRT alternatives,
electrical requirements would be expected to be minimal, as would the
anticipated emissions.
The Freeway Tunnel Alternatives would consume
electricity for tunnel lighting and the tunnel ventilation system. This could
result in considerable GHG emission that should be reported in the DEIR/EIS.
The LRT would consume the most electricity of the Build Alternatives and the
non-inclusion of the GHG emissions associated with electricity in the reported
emissions is a significant omission. We estimate that the electricity used for
train propulsion only, not including lighting, ventilation, other electrical usage,
would generate between approximately 23,400 and 61,700 metric tons of
CO2EQ per year. The GHG emission estimates must account for all sources of
GHG emissions directly attributed to the project alternatives to provide a valid
analysis and comparison of alternatives.
22) The DEIR/EIS states that the CT-EMFAC 5.0 emissions model was used to
calculate vehicular CO2 emissions (Page 4-98).
CT-EMFAC is Caltrans’
interpretation of CARB’s EMFAC2011 emissions model that presents the
EMFAC2011 data in formats that are easier to use for highway air quality
analysis. Appendix E of the Air Quality Assessment includes two sets of CO2
emissions, one that includes the effects of the Pavley I and Low Carbon Fuel
Standards and one that does not.1 The DEIR/EIS, however, only presents
emissions that assume full implementation of the Pavley I and Low Carbon
Fuel Standard. This is misleading for two reasons.
First, full implementation of Pavley and LCFS is speculative. The Low Carbon
Fuel Standard is a mix of command and control regulation and emissions
trading that uses a mix of market based mechanisms to allow providers to
choose how they will reduce emissions while responding to consumer demand.
This results in the actual reduction in tailpipe CO2 emissions from
implementation of the Low Carbon Fuel Standard being uncertain. This also
results in a speculative underestimate of the future CO2 emissions and an over
estimate of the reduction in future CO2 emissions over existing conditions.
Second, the DEIR/EIS skews the analysis and GHG significance conclusion by
excluding Appendix E data regarding emissions without implementation of
Pavley and LCFS. A comparison of CO2 emissions without the Pavley I and Low
1

This is not explained anywhere in the text of the DEIR/EIS, the Air Quality Assessment, or
Appendix E of the Assessment. One must review the Appendix E tables to discover the CO2
emissions without Pavley/LCFS.
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Carbon Fuel Standards shows that future emissions under the freeway tunnel
alternatives are anticipated to increase by approximately 1,110 metric tons per
day in 2020, 1,400 metric tons per day in 2025 and approximately 2,100
metric tons per day in 2035 over existing conditions (the differences among
the freeway tunnel alternatives are slight).2 These increases in GHG emissions
would be significant. However, the data presented in the body of the Air
Quality Assessment and DEIR/EIS includes only emissions assuming full
Pavley/Low Carbon Fuel Standard implementation assumptions in EMFAC2011.
Under these assumptions, the document shows decreases in CO2 emissions of
approximately 1,100 metric tons per day in 2025, approximately 1,400 metric
tons per day in 2025, and approximately 1,100 metric tons per day in 2035 –
regardless of whether the TSM/TDM, BRT, LRT or Freeway Tunnel alternative is
selected. In other words, these decreases are not attributable to the Project.
Rather, they are a function of a regulatory program, which may or may not
achieve its goal, not of the Project alternatives
23) As discussed above, EMFAC2011 was used as the basis for the vehicular CO 2
emission estimates presented in the DEIR/EIS.
CARB’s Mobile Source
Emissions Inventory On-Road Category website (http://www.arb.ca.gov/msei/
categories.htm#onroad_motor_vehicles) recommends the use of the
methodology specified in the Greenhouse Gas Emissions inventory
(http://www.arb.ca.gov/cc/inventory/inventory.htm) to estimate on-road
mobile source GHG emissions. The DEIR/EIS should discuss why it chose to
use a GHG emissions calculation methodology different from what is
recommended by the State air emissions regulating agency. Further, the use
of CARB’s recommended methodology would also include estimates of
methane (CH4) and nitrous oxide (N2O), which are important GHG’s emitted
from combustion and global warming potentials 25 and 300 times greater than
an equivalent amount of CO2 emissions.
24) The DEIR/EIS does not specify the threshold of significance used to determine
that GHG emissions will not result in a significant impact. The DEIR/EIS must
provide a clear impact threshold for GHG emissions and evaluate the project
alternatives based on this threshold.
25) Section 4.3 of the DEIR/EIS presents operational GHG emissions in terms of
metric tons per day. This information is conventionally presented on an annual
basis and confusion may result by reporting GHG emissions using an a-typical
metric. Operational GHG emissions should be presented on an annual basis.

2

The DEIR/EIS does not provide these emission totals. They are calculated by subtracting
the existing CO2 emissions from the 2035 CO2 emissions found in the Air Quality
Assessment Report Appendix E tables under the CO2 heading (note the DEIR/EIS presents
the values shown under the CO2 (Pavley I + LCFS) heading), and converting lbs./day to
metric tons/day.
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3.0 Detailed Accounting of the Shortcomings of the Air
Quality, Greenhouse Gas and Health Risk Assessments
The following subsections discuss the primary shortcomings of the DEIR/EIS.
Specifically, those issues that result in understatement of the potential air quality
impacts, adequacy of mitigation, or non-identification of significant unavoidable
impacts as required by CEQA.

3.1 Construction Air Quality Analysis is Incomplete, Finding of No
Significant Impact After Mitigation Unsupported, and Mitigation
Inadequate
Section 3.13.3.1 of the DEIR/EIS (pages 3.13-9 through 3.13-13) discusses
construction air pollutant emissions.
Common construction activities and air
pollutant emissions are discussed along with short discussions of the construction
activities for each alternative. Table 3.13.4 of the DEIR/EIS presents an estimate
of maximum total daily construction emissions. This mirrors the analysis presented
in Section 5.1 of the Air Quality Assessment Report, included as Appendix A of the
DEIR/EIS. The Air Quality Assessment Report presents the detailed equipment
assumptions used to generate the estimate of maximum total daily construction
emissions.3
Section 3.13.3.1 of the DEIR/EIS does not make any statements about whether the
construction emissions would adversely impact the environment. It notes that
because construction is not anticipated to last for more than five years, it is exempt
from the regional and project level conformity analysis of the federal clean air act.
Section 3.13.4 presents five Avoidance, Minimization, and/or Mitigation Measures
that are all applicable to construction.
The analysis of air quality impacts under CEQA is presented in Section 4.2.3 of the
DEIR (Pages 4-5 through 4-9). The discussion for CEQA Checklist Question III(b)
on Page 4-6 states that “short-term degradation of air quality may occur due to the
release of particulate emissions generated by excavation, grading, hauling, and
other construction equipment.” The last sentence of the paragraph concludes,
“Measures AQ 1 through AQ-5 include measures to reduce construction-related air
quality impacts from fugitive dust and construction equipment emissions to less
than significant levels.” The document does not specify the emissions thresholds
used to make this determination. The project’s construction-related emissions
before mitigation are well above the Regional Significance Thresholds recommended
by the SCAQMD. The DEIR/EIS did not calculate the emission-reduction potential of
the measures.
Table 1 below presents the maximum daily construction emissions for each project
alternative from Table 3.13.4 of the DEIR/EIS along with the SCAQMD’s
recommended regional significance thresholds for construction. Emissions greater
3

It appears likely that the DEIR/EIS underestimated the Freeway Tunnel Alternative’s
increase in emissions, as it did not include emissions resulting from asphalt concrete plants.
Measure AQ-4 (p. 3.13-42) requires the Project to comply with Section 39-3.06 [Asphalt
Concrete Plan Emissions], which implies that this source of emissions should have been
included in the EIR/EIS’s estimate of total daily construction emissions.
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than the significance thresholds are shown in bold-italics. This table shows that
reactive organic gasses (ROGs), and CO emissions are above the thresholds for the
LRT and Freeway Tunnel Alternatives. NOX and particulate emissions exceed the
SCAQMD thresholds for all of the Build Alternatives. Particulate emissions are
between 1.3 and 3.4 times greater than the thresholds for the TSM/TDM and BRT
alternatives and between 3.8 and 9.7 times greater under the LRT and Freeway
Tunnel Alternatives.
NOX emissions are shown to be 2.1 times greater than the
threshold for the BRT Alternative, 9.4 times greater for the TSM/TDM Alternative,
22.4 times greater for the LRT alternative and 43.9 and 49.3 times greater for the
two Freeway Tunnel Alternatives.

Table 1
Construction Emissions and SCAQMD Regional Significance
Thresholds (lbs./day)
Alternative

ROGs

CO

NOX

PM10

PM2.5

TSM/TDM

49

548

935

513

130

BRT

12

123

206

327

74

LRT

119

1,335

2,242

720

207

Single Bore Freeway Tunnel

214

2,167

4,337

1,116

330

Dual Bore Freeway Tunnel

237

2,284

4,926

1,460

411

75

550

100

150

55

SCAQMD Significance
Threshold (lbs./day)

The emissions presented in Table 1 (which reflect the “maximum construction
emissions” included in the DEIR/EIS’s Table 3.13.4) are comprised of exhaust
emissions from off-road equipment and on-road haul trucks. Particulate emissions
(PM10 and PM2.5) include fugitive dust emissions from material handling as well.
Between 86 and 94 percent of the PM10 emissions and between 61 and 91 percent
of the PM2.5 emissions are due to fugitive dust. The DEIR/EIS includes a mitigation
measure that requires compliance with Caltrans Standard Specifications and Best
Available Control Measures from SCAQMD Rule 403, which requires, among other
things, that fugitive dust emissions be controlled by regular watering (DEIR/EIS, p.
3.13-40). However, the report does not identify any reductions in particulate matter
emissions for this mitigation measure or any of the other mitigation measures.
The Air Quality Assessment Report states (on page 5-2) that the construction
emissions assumed Tier 2 emission standards for all diesel-fueled off-road
equipment.
Off-road diesel engines have been subject to stricter emission
standards over time, referred to as Tiers. These emission limits apply to the engine
on the date it is sold and are based on the horsepower rating of the engines.
Figure 1 shows how these Tiers have been implemented. For each Tier, the years
that each tier was implemented are shown—compliance dates were phased based
on engine power. The vertical axis of the chart shows the allowable particulate
emissions under each Tier and the horizontal axis shows the allowable NOX
emissions for each Tier. Table 2 presents the approximate reduction in emissions
compared to Tier 2 standards.
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Figure 1
Off-road Equipment Emission Standard Tiers

Table 2
Approximate Emissions Reductions From Off-road Engine
Tier 2 Standards
Particulate
Matter

NOx

Tier 3

0%

-33%

Tier 4 - Interim

-90%

-33%

Tier 4 - Final

-90%

-93%

To estimate emissions from on-road haul trucks, the DEIR/EIS analysis used
emission factors from EMFAC2011, CARB’s on-road vehicle emissions model. The
emission factors represent the average emissions from all heavy trucks operating in
Los Angeles County. As with off-road equipment, heavy-duty diesel trucks (HDDT)
have been subject to stricter emission limits over time.
The most recent
regulations apply to model year 2007 and later HDDT. Model year 2007 and later
trucks emit 95 percent less PM10 and 92 percent less PM2.5 than the composite truck
assumed for the construction emissions calculations. NOX emissions reductions
were phased in between 2007 and 2010 with all trucks with a model year of 2010
or later emitting 96 percent less NOX than the emission calculations.
Section 3.13.4 of the DEIR/EIS (Pages 3.13-40 to 3.13-42) presents five measures
geared toward mitigating the project’s construction emissions. However, there are
effectively only four measures because AQ-4 only applies to the Freeway Tunnel
Alternatives and AQ-5 only applies to the TSM/TDM, BRT, and LRT alternatives.
Measure AQ-1 (p. 3.13-41) just calls for compliance with SCAQMD Rule 403, which
calls for implementing fugitive dust measures as specified in SCAQMD Rule 403.
Rule 403 requires implementation of the Best Available Control Measures presented
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in Table 6.1 of the DEIR/EIS’s Air Quality Assessment Report. Rule 403 places
additional requirements on large operations, those involving more than 50 acres or
with a daily throughput of more than 5,000 cubic yards. The DEIR/EIS (p. 4-70)
indicates that with the Dual Bore Freeway Tunnel Alternative there would be up to
360 daily haul trucks and the air quality calculations indicate that haul trucks have
a 14 cubic yard capacity. This equates to just over 5,000 cubic yards. Therefore, it
would be likely that the Dual Bore Freeway Tunnel Alternative would need to
implement these additional measures. The Single Bore Freeway Tunnel and the LRT
may not.
Measure AQ-2 presents general measures to reduce exhaust emissions. These
include reducing trips, minimizing idling, using solar powered message signs, using
power pole electricity, maintaining engines, prohibiting tampering of engines, using
Tier 3 or better equipment with engine sizes greater than 75 HP, and using EPA
registered particulate traps. Measure AQ-3 requires the contractor to meet EPA
diesel fuel requirements, use alternative fuels where appropriate, and to identify
sensitive receptors in the immediate vicinity of construction and specify means to
minimize impacts to these populations.
Measure AQ-4 only applies to the Freeway Tunnel Alternative and simply requires
adherence to Caltrans Standard Specifications for Construction (Section 14-9.03
and 18 [Dust Control] and Section 39-3.06 [Asphalt Concrete Plant Emissions]).
The specification of asphalt concrete plant emissions is interesting because the
emissions calculations do not appear to include asphalt paving fugitive ROG
emissions. Section 14-9.03 requires the application of water, dust palliative or
both, if ordered and for soil stockpiles to be covered with a soil stabilization
material or temporary cover. Section 18 just provides specifications for the dust
palliative.
Measure AQ-5 only applies to the TSM/TDM, BRT, and LRT Alternatives. This
measure requires contractors to comply with the most current Metro Green
Construction Policy. This policy requires all off-road diesel powered construction
equipment greater than 50 HP to meet the Tier 4 emission standards. In addition,
equipment without a factory equipped diesel particulate filter is to be outfitted with
Best Available Control Technology (BACT) devices certified by CARB. All on-road
heavy-duty diesel trucks with a GVWR of 19,500 pounds or greater shall comply
with the EPA 2007 on-road emissions standards. In addition, the Metro Green
Construction Policy defines fifteen Best Management Practices. Several of these
Best Management Practices are included in Measure AQ-2 of the DEIR/EIS.
There is no justification given in the document for the Metro sponsored project
Alternatives to implement much more extensive, and effective, pollutant emissions
reduction measures than the Caltrans sponsored Freeway Tunnel Alternatives.
Metro’s construction policy was developed in consultation with the Ports of Los
Angeles and Long Beach and the Los Angeles World Airports based on their
experiences mitigating large construction projects and concludes that the additional
costs for the mitigation were not significant. The effective difference in the
mitigation measures is that the TSM/TDM, BRT and LRT alternatives would require
the use of Tier 4 final off-road equipment and 2007 or later on-road heavy duty
diesel trucks while the Freeway Tunnel Alternatives would require the use of the
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lesser stringent Tier 3 off-road equipment and would not place any restrictions on
on-road haul trucks.
As shown in Table 2 and Figure 1 above, assuming that Metro’s Green Construction
Policy was used for the TSM/TDM and BRT alternatives, NOX and particulate exhaust
emissions from off-road construction equipment would be reduced by around 93
percent. Because the LRT includes considerably more hauling, there would be a
slightly greater reduction in NOx emissions; hauling-related NOX emissions would be
reduced by 96 percent. Under the Freeway Tunnel Alternatives Mitigation,
particulate exhaust emissions would not be reduced and NOX emissions would be
reduced by less than 33 percent. Assuming the off-road equipment and haul trucks
account for the same amount of NOX emissions, the total NOX emissions would only
be reduced by about 16 percent.
To reduce NOX emissions to below the significance thresholds, mitigation for the
TSM/TDM and BRT alternatives would need to reduce NOX emissions by 89 and 51
percent respectively. It is possible that the Metro Green Construction Policies would
achieve these reductions. The LRT alternative requires a 96 percent reduction in
NOX emissions to be less than the significance threshold. The mitigation would
reduce these emissions by between 93 percent and 96 percent. The Green
Construction Policies would likely not reduce emissions to less than the significance
thresholds, but they would be near the threshold.
The Freeway Tunnel Alternatives would require NOX emissions reductions of 98
percent to be reduced below the SCAQMD Significance Threshold. The DEIR/EIS’s
proposed mitigation measure for the Freeway Tunnel Alternatives would reduce
NOx emissions by less than 33 percent. The Freeway Tunnel Alternatives should be
required to implement the measures outlined in the Metro Green Construction
Policy.
The Metro Green Construction Policy would reduce particulate exhaust emissions
from construction of the TSM/TDM and BRT alternatives by about 90 percent. LRT
reductions would be somewhat greater as haul truck PM10 emissions would be
reduced by about 95 percent and PM2.5 emissions would be reduced by about 92
percent. The mitigation proposed for the Freeway Tunnel Alternatives would not
result in any reduction in particulate emissions.
If the fugitive dust calculations include reductions from watering, then it is not
possible to reduce particulate emissions to below the SCAQMD thresholds as the
fugitive dust emissions themselves exceed the standard. If watering was accounted
for in the emissions calculations, then mitigated particulate emissions for the BRT
alternative would likely be less than the significance thresholds.
The measures
would likely reduce PM2.5 emissions to less than the threshold for the TDM/TSM
alternative, but PM10 emissions would likely be slightly above the threshold.
Even with 90% reductions in exhaust particulate emissions, it would not be possible
to reduce total particulate emissions to below the significance thresholds for the
LRT and Freeway Tunnel Alternatives. Fugitive dust emissions would need to be
reduced by between 78 and 90 percent. These levels of reduction are not feasible.
The LRT alternative would only need a 64 percent reduction in fugitive dust to
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reduce PM2.5 emissions to less than the standard. This could be achieved with three
times a day watering.
SCAQMD recommends assessing potential localized impacts from construction
activities, yet no such analysis was included in the DEIR/EIS. A localized impact
analysis, or as its often called, a hot-spots analysis, would determine whether or
not construction has the potential to either create any exceedances of the ambient
air quality standards (AAQS) or make worse any existing exceedances of the AAQS.
For small projects, SCAQMD has developed their Localized Significance Threshold
(LST) methodology that provides on-site emissions thresholds for projects of less
than five acres in size. The TDM/TSM alternative and portions of the LRT and BRT
alternatives should have been analyzed under this threshold. For those project
alternatives that are larger than five acres, e.g., the Freeway Tunnel Alternatives,
the DEIR/EIS should have performed dispersion modeling to determine pollutant
concentrations at nearby receptors.
Without this modeling, the DEIR cannot
conclude that construction will not result in a significant localized air quality impact.

3.2 The Particulate Matter Hotspot Assessment is Not Substantiated
The particulate hotspot analysis required by the Clean Air Act (Transportation
Conformity) is done in two steps. A qualitative analysis is performed to determine
if a project is a project of Air Quality Concern (POAQC) in terms of particulate
hotspots. If a project is determined to not be POAQC then no further analysis is
required. This determination is reviewed and approved by Caltrans, FHWA, and
EPA at SCAG’s Transportation Conformity Working Group (TCWG). If the project is
a POAQC then a quantitative analysis is performed per guidance published by EPA.
The DEIR/EIS discusses how the TSM/TDM, BRT, and LRT alternatives were
determined to not be projects of Air Quality Concern (POAQC). The Freeway Tunnel
Alternatives were determined to be POAQC and will require quantitative particulate
hotspot analysis.
The DEIR/EIS included something of a quantitative particulate hotspot analysis.
However, the methodology used in this analysis is not well documented. What
information that does exists indicates that the DEIR/EIS preparers did not follow
EPA guidance. The DEIR/EIS does not identify the analytical steps in the analysis
and does not present the results of the analysis in a meaningful way. Because of
these flaws, it is not possible to determine the adequacy or accuracy of the
analysis. The particulate analysis consists of a discussion of the type of emissions
that were considered, a brief description of the dispersion models that were used,
and an overview of the input parameters. Although the results are presented in
Tables 3.13.7 through 3.13-9 of the DEIR/EIS and Tables 5.8 through 5.10 of the
Air Quality Assessment Technical Report, it is not clear what the values in these
tables actually represent. The Air Quality Report provides no clarification. Set forth
below is a detailed description of the flawed analysis.
First, the DEIR/EIS (p. 3.13-20) presents 13 locations that were identified as areas
of “air quality concern” followed by a discussion of the modeling parameters used to
represent the pollution sources (p. 3.31-21). These modeling parameters include
emission sources such as vehicle exhaust, vehicle fugitive emissions and tunnel
ventilation towers. However, all of the data presented in the discussion of modeling
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parameters are general parameters for each source type. The document does not
provide any specific input parameters such as specific roadways included in the
model and their traffic volumes, speeds and emission factors. Nor did the DEIR/EIS
identify the specific receptor locations.
The DEIR/EIS (p 3.13-22): “The forecast average daily traffic data were applied to
appropriate emission factors to estimate emission for each of the segments along
the proposed alignment.” Because the document mentions “average” daily traffic,
we are assuming the particulate hotspot modeling used the same errant
methodology as the Health Risk Assessment (HRA) to calculate daily and longer
average pollutant concentrations. However, the DEIR/EIS or Air Quality Assessment
Report did not include enough data regarding the particulate modeling to confirm
this assumption.
The HRA dispersion modeling and assumed particulate dispersion modeling
methodologies errs in the use of average daily traffic characteristics in the
dispersion modeling. In order to understand the effect of the use of average daily
traffic characteristics on the particulate hot spot analysis, it is important to first
understand details relating to dispersion modeling. Dispersion modeling uses the
location and quantity of pollutant emissions from each source and hourly weather
data to predict pollutant concentrations at specific receptor locations. For this
project, the sources of pollution are roadway segments and the tunnel ventilation
towers. In the model, roadway segments are represented as line segments and
ventilation towers are represented as points. The dispersion model calculates a
Dispersion Factor for each source/receptor pair for each hour of weather data. This
Dispersion Factor relates the amount of pollutants emitted by the source with the
concentration of pollutants at the receptor.
Pollutant concentrations at a receptor are inversely proportional to the Dispersion
Factor. A large Dispersion Factor indicates that the pollutant is spread out more
widely, while a low Dispersion Factor indicates the pollutant is more concentrated.
In low-wind conditions, Dispersion Factors at downwind receptors near the source
are low and increase for receptors further away from the source. Dispersion
Factors for up-wind receptors are higher than downwind receptors. During these
conditions, pollutants are not dispersed but tend to collect just downwind from the
source. As wind speed increases, the Dispersion Factors for receptors near the
source increase and the Factors for downwind receptors further from the source
decrease. Concentrations at close receptors decrease while concentrations at more
distant downwind receptors increase.
If wind blows in one direction with little side-to-side variation then receptors
directly downwind will have low Dispersion Factors and the Factors will increase to
each side. Most of the pollution will be directed towards receptors that are directly
downwind from the source. A more variable wind will increase Dispersion Factors
directly downwind and decrease those for receptors to each side compared to a
constant wind.
Directionally variable winds spread the downwind pollution
concentrations out side to side.
The DEIR/EIS’s modeling utilized five years of measured hourly weather data. That
is, 43,800 hourly Dispersion Factors were calculated for each source receptor pair.
That data encodes the dominant daily diurnal weather variations in Southern
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California. Calm nights and mornings and increasing on-shore breezes through the
day and evening that calm after sundown. However, it applies these Dispersion
Factors to hourly emission factors that do not account for diurnal traffic variations.
That is, the model assumes that the roadways are generating the same amount of
pollution at 2:00 a.m. as they are during the morning and evening peak commute
hours. In reality, the quantities of emissions during these periods are quite
different. Not only are there fewer vehicles operating during the late night hours,
but also speeds are increased, lowering the emissions per vehicle.
Accurate pollutant concentrations require accurate accounting of diurnal variation in
emissions. The use of average daily conditions would tend to compress the range
of concentrations. Areas where periods of high emission factors correspond with
low Dispersion Factors would have higher concentrations with accurate diurnal
modeling of traffic characteristics, rather than the average used in the DEIR/EIS.
Conversely, areas where periods of low emissions correspond with high Dispersion
Factors would have lower concentrations.
The project will result in changes in traffic patterns, which will result in
redistributing pollutants. Using a methodology that compresses the range of
concentrations results in an underestimation of the Project’s effects on particulate
pollutant concentrations. In addition using this errant methodology could result in
compressing the differences between Project alternatives.
Section 5.3.2 of the EPA’s “Transportation Conformity Guidance for Quantitative
Hot-Spot Analyses in PM2.5 and PM10 Nonattainment and Maintenance Areas”
describes the preferred methodology for accounting for diurnal traffic variation that
should have been utilized. This methodology separates the diurnal variation into
four periods, AM peak, midday average, PM Peak period, and overnight average.
This method adequately captures diurnal emission variations that are lost with the
use of average daily emission characteristics.
In addition to minimizing traffic volume variations, the methodology used for the
modeling also minimizes emission factor variations. The HRA dispersion modeling,
and we assume the particulate dispersion modeling, used the average daily speed
to determine emission factors.
Emission factors are speed dependent.
For
particulate matter, emissions are at a minimum between 35 and 40 mph, increasing
at lower and higher speeds. PM10 emission factors between 0 and 5 mph are
approximately 20% higher than the mid speed minimum emission factor and
approximately 7% higher between 65-70 mph.
PM10 emission factor are
approximately 40% higher between 0 and 5 mph and approximately 15% higher
between 65-70 mph.
Because emission factors and speed are not linearly
correlated multiplying the average traffic volume with the emission factor based on
average speed does not result in the average emissions.
An accurate average daily emission calculation world need to use the same
methodology as the regional emissions calculation, dividing the traffic volume into 5
mph speed increments and then multiplying the volume in each speed by the
appropriate emission factor and then summing and averaging. The use of average
speeds during the four modeling periods suggested by the EPA’s methodology
would acceptably correct this error. However, this would need to be done for each
travel direction for each link.
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The HRA modeling, and we assume the particulate hotspot modeling, used the
average bi-directional speed to determine the emission factor. Because speed and
emission factors are not linearly related, this results in an incorrect estimate of
emissions. This is especially true for facilities with large directional splits in peak
hour traffic. The average vehicle speed on a facility that is congested in one
direction and free flow in the other would tend towards speeds with the lowest
emissions rates while traffic was traveling at mid-range speeds that generate higher
emission factors. Obviously, the emissions would be underestimated using the
average rate.
The results of the particulate hotspot modeling are also poorly documented. Tables
3.13.7 through 3.13.9 purport to show the Project’s highest concentrations from
AERMOD. Although never stated, we assume that the analysis concludes that there
will be no particulate matter hotspot impacts because the “with-project”
concentrations are shown to be lower than the “no build” conditions. The CEQA
Analysis (Section 4.2.3) just states that if one of the Freeway Tunnel Alternatives
were selected that quantitative PM modeling would be conducted to demonstrate
that the project would not delay attainment of or cause an exceedance of the PM2.5
or PM10 NAAQS. It does not refer to the quantitative modeling results at all.
Assuming that the tables do depict the highest modeled concentrations, and
because there is no discussion of background concentrations, we assume that these
concentrations do not include background pollutant concentrations. The modeled
concentrations only include emissions from those sources included in the model,
freeways, arterials, and the tunnel ventilation towers. There are many other
pollution sources within and outside the project area that contribute to the overall
pollutant concentrations at the modeled receptors.
Comparing the modeled concentrations to measured levels appears to confirm that
they do not include background concentrations.
The modeled 24 hour PM2.5
concentration shown in Table 3.13.7 is just more than one tenth of the average of
the three most recent years of measured concentrations at the Main Street Los
Angeles monitoring station presented in Table 3.13.2. The modeled annual PM2.5
concentration is three and a half times lower than the measured and the 24-hour
PM10 concentration is four times lower.
The purpose of the particulate hot spot analysis is to determine whether the project
would create or worsen an exceedance of the ambient air quality standards. The
first step to evaluate this impact would be to determine if there are any existing
exceedances of the AAQS. This requires that the DEIR/EIS include the background
concentrations for sources not included in the model. Alternatively, if the EIR/EIS
seeks to demonstrate that concentrations with the project are less than no project
conditions, this analysis must be undertaken for ALL receptors, not just the
receptors with the highest concentration under each alternative. Moreover, the
DEIR/EIS errs further because it only addresses exceedances under the federal
AAQS. Under CEQA, exceedances of the state AAQS must be assessed as well.
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3.3 The Methodology Used to Determine Health Risk Impacts
Minimizes Differences Between Alternatives and
Underestimates Impacts
Our comments regarding the modeling methodology used for the particulate
hotspot analysis above also apply to the Health Risk Assessment (HRA). In fact,
they are more applicable to the HRA because the DEIR/EIS identifies the inputs for
the HRA but does not do so for the particulate analysis.
Specifically, the use of average daily traffic volumes and speeds to characterize the
emissions in the dispersion modeling does not provide accurate results. This flawed
methodology likely understates the Project’s health risks. In addition, it tends to
minimize the differences between each of the Project alternatives. In order to
assess the impacts of each alternative, the modeling for the HRA must use EPA
methodology discussed above, i.e., AM peak period, mid-day average, PM peak
period, and overnight average.

3.4 The Conclusion of Health Risk Impact Significance Is Incorrect
The DEIR/EIS (Section 4.2.3; p. 4-8) states “the HRA indicated that the project
would result in substantial regional benefits that reduce health risk from exposure
to MSATs in the majority of the study area”. Attributing these reductions to the
project is erroneous and misleading. The considerable health risk reductions will
occur independent of the project due to turnover of older vehicles with newer
vehicles that comply with increasingly stringent vehicle emission standards. While
CEQA generally requires an analysis of a project’s environmental impacts against a
baseline of existing conditions, in this instance, such a comparison would not
accurately depict the project’s impact on air quality or health risk. A comparison of
future conditions to existing conditions does not provide an independent measure of
the Project’s impacts. Instead, it demonstrates the effects of the implementation of
more stringent vehicle emissions standards in combination with the project.
Because this methodological approach incorrectly mixes the project’s emissions
together with future background emission concentrations, there is no way to isolate
the emissions that would be generated by the Project.
The DEIR/EIS’s HRA Technical Report provides a more accurate indication of the
Project’s health risk. Comparison of opening year conditions presented in Tables 34 through 3-6 and Figures 3-11 through 3-19 of the HRA present accurate
measures of the impacts of the project alternatives. These tables and figures show
that some areas will be exposed to cancer risk increases due to the project and
other will experience decreases. The tables and maps show that both residents and
workers would experience cancer risks greater than 10 in a million with the
Freeway Tunnel Alternatives. This is a significant increase in cancer risk. As
discussed above, these results are based on a modeling methodology that would
tend to minimize differences between projects. Therefore, the impacts of the
project alternatives are likely more extensive than shown.
The HRA Technical Report presents the results of the analysis in terms of cancer
risks. That is the risk of an individual developing cancer. A secondary measure of
impacts is the cancer burden. This is a measure of the total number of persons
that would be expected to contract cancer due to the Project’s increased risks. This
is done by multiplying the cancer risk by the number of exposed persons, typically

SR-710 North Study DEIR/EIS
AQ, GHG and HRA Review and Comment

Landrum & Brown
Page 20

by census tract. The average risk for each census tract is determined and then
multiplied by the population. The results show risk increases in some areas and
risk decreases in other areas. A burden analysis would determine whether the
decreases outweighed the increases in terms of the number of persons impacted.
The HRA Technical Report discusses how a burden analysis would be performed if
the project were projected to increase cancer risk by more than 10 in million.
However, it did not perform this analysis because it incorrectly concluded that the
project would not increase the cancer risk by more than this amount. The HRA
shows locations where cancer risk would increase along with locations where they
would decrease.
The burden analysis would show how these increases and
decreases balanced when applied to actual populations. This analysis would be
required to conclude whether the project results in a net benefit or impact.
The DEIR/EIS’s analysis of non-cancer health effect impacts from the project is
even more problematic. Non-cancer health effects are measured by the acute
hazard index (HIA), and chronic hazard index (HIC). These values are a measure
of the potential for non-cancer health effects to occur. A value of less than one
indicates that no adverse non-cancer health effects are expected to occur. An
index of one indicates that sensitive persons will experience adverse non-cancer
health effects. Indices greater than one indicate that the adverse non-cancer
health effects will be more severe and pervasive but it does not show how much
more severe or pervasive the adverse health effects would be. The hazard indices
do not measure changes in non-cancer health effects but are a threshold at which
adverse health effects begin to occur.
The HRA assesses non-cancer health effects of the project by examining the change
in hazard index with the project over no project conditions. The DEIR/EIS asserts
that if the project increases the index by one, then the impact is significant. Under
this condition the project, by itself, with no other air pollutant emissions, would
result in pollutant concentrations high enough to cause adverse non-cancer health
impacts. The DEIR/EIS shows that this condition does not occur. However, the
DEIR/EIS does not to analyze the impact that can occur when existing conditions
are properly accounted for. This impact occurs when the hazard index at a receptor
is increased from below one without the project, where there is no adverse health
effect, to greater than one with the project and causing an adverse health effect at
the receptor. In this case, the Project results in an impact when considered in
combination with all other existing pollutant emissions. The DEIR/EIS needs to
present the overall hazard index that includes all sources of pollutants for each
alternative to determine the threshold of one is exceeded. If a hazard index
exceeds one then the project creates or makes worse an adverse health impact..
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3.5 Greenhouse Gas Emission Calculations Do Not Include Those
From Electrical Consumption
The greenhouse gas (GHG) emissions presented in the Air Quality Assessment
Report and the DEIR only include those emitted from vehicles within the study area.
GHG Emissions will also be produced through the generation of electricity used by
the project. Emissions of criteria pollutants from electrical generation faculties are
not included in those calculations because any new electrical generation emissions
would come from outside the air basin and would not contribute to air quality levels
within the basin. However, greenhouse gasses are a global issue and the location
of the emissions is not relevant.
GHG emissions from electrical generation are dependent on the provider of the
electricity. One-megawatt hour of electricity generates approximately 0.56 metric
tons of CO2EQ if purchased from Los Angeles Department of Water and Power. If
purchased from Pasadena Department of Water and Power, one megawatt of
electricity generates approximately 0.76 metric tons of CO2EQ. One megawatt of
power purchased from Southern California Edison generates approximately 0.29
metric tons of CO2EQ. These emission factors come from SCAQMD’s California
Emissions Estimator Model (CalEEMod).
For the TDM/TSM and BRT alternatives, electrical requirements would be expected
to be minimal, as would the anticipated emissions.
The Freeway Tunnel
Alternatives would consume electricity for tunnel lighting and the tunnel ventilation
system. This could result in considerable GHG emission that should be reported in
the DEIR/EIS. The LRT would consume the most electricity of the Build Alternatives
and the non-inclusion of the GHG emissions associated with electricity in the
reported emissions is a significant omission.
We were not able to find any data regarding the energy consumption of LA Metro’s
LRT cars. Dallas Area Rapid Transit LRT cars are similar to LA Metro’s and consume
an average of 288 kilowatt-hours of electricity per car per hour of operation
(https://www.dart.org/newsroom/dartrailfacts.asp). Assuming just two cars per
train and a 20-minute one-way travel time, the 326 daily one-way trains would
generate between 65 and 170 metric tons of CO2EQ per day. This equates to
between approximately 23,400 and 61,700 metric tons of CO2EQ per year. These
are just the emissions for train propulsion and do not include electricity consumed
by other components of the project such as lighting and ventilation. For the LRT
Alternative, increased GHG emissions due to electrical generation are much greater
than the increase due to vehicular travel. The DEIR/EIS shows that the LRT
Alternative is anticipated to reduce vehicular emissions by 20 metric tons per day in
the 2025 opening year and by 2.2 metric tons per day in 2035. However, the GHG
emissions produced by the generation of electricity used to propel the trains will
more than offset these reductions.
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3.6 Traffic Modeling Deficiencies
Air pollutant emission predictions are based on traffic volumes and speeds. The
review of the traffic study prepared for 5-Cities Alliance performed by
Nelson\Nygaard Consulting Associates Inc. identified two issues that affect the
DEIR/EIS’s modeled traffic volumes that would also affect air pollutant impacts due
to the project, spillback and induced traffic.
The Nelson/Nygaard traffic study notes that the traffic modeling did not adequately
account for spillback that would occur when projected traffic volume on a road
segment exceeds capacity. That is, vehicles are assumed to queue and wait their
turn to pass through such bottlenecks. In reality, this large queue would not occur
and travelers would adjust their behavior to avoid such bottlenecks with many
finding alternative routes on arterial roadways in the project study area. This
results in an under prediction of arterial road traffic volumes. If the DEIR/EIS’s
traffic modeling accounted for spillback, the traffic volume increases along local
roadways could result in localized hot-spot impacts and cancer risk increases could
be more widely dispersed, this traffic would generally travel at lower speeds on the
arterial roadways and result in greater emissions.
A second important issue raised in the Nelson Nygaard report relates to induced
travel. As more freeway lane miles and alternative routes are introduced, driving
becomes a more convenient option. This serves to induce more vehicle trips from
people who otherwise would not have traveled via car or made that trip altogether.
That is, as congestion is decreased, people will decide to make trips that they would
not have previously made because of congestion. The Nelson Nygaard traffic study
notes that the DEIR/EIS’s travel demand model cannot be trusted to accurately
estimate this induced travel. Further, the Nelson/Nygaard study explains, that
even if the model accurately reflected induced travel, the time period analyzed in
the EIR/EIS is too short. Research shows roadway projects can result in short-term
reductions in congestion due the increased capacity. However, over time, the
reduced congestion induces more trips to the point where the same level of
congestion as without the project is reached—but with a larger number of vehicles.
Proper accounting for spillback and induced traffic in the traffic model would
increase pollutant emissions estimates in two ways. The increased traffic would
increase congestion and lower speeds resulting in increased emissions per mile
traveled and it would increase the vehicle miles traveled. The VMT increase would
cause a proportional increase in emissions. That is, a one percent increase in VMT
would result in a one percent increase in emissions. The increase due to the
change in speed is more complex and not easily estimated.
The additional induced traffic would also result in increased pollutant concentrations
and cancer risks with the project alternatives compared to no project conditions.
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Appendix – Reference Documents
Los Angeles County Metropolitan Transit Authority Green
Construction Policy
Environmental Protection Agency Transportation Conformity
Guidance for Quantitative Hot-Spot Analyses in PM2.5 and PM10
Nonattainment & Maintenance Areas
South Coast Air Quality Management District Finalized Localized
Significance Threshold Methodology
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Metropolitan Transportation Authority

One Gateway Plaza
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EXECUTIVE MANAGEMENT AND AUDIT COMMITTEE
CONSTRUCTION COMMITTEE
JULY 21, 2011

SUBJECT: GREEN CONSTRUCTION POLICY
ACTION: ADOPT GREEN CONSTRUCTION POLICY

RECOMMENDATION
Adopt the Los Angeles County Metropolitan Transportation Authority (LACMTA) Green
Construction Policy for implementation on construction projects conducted on LACMTA
properties and rights-of-way. Phase the implementation of this policy, through a
collaborative process, for implementation by other jurisdictions that receive/program
LACMTA funding (in whole or in part) for construction projects.

ISSUE
Expediting the LACMTA’s Measure R Initiative through the America Fast Forward
Program will reduce overall emissions and get people out of their cars and onto transit
sooner. However, the potential to create significant harmful emissions from traffic
congestion and those associated with construction activities and existing non-mitigated
legacy construction equipment usage remains high. This concern is echoed by the US
Environmental Protection Agency (USEPA), the South Coast Air Quality Management
District (SCAQMD), and various non-profit environmental organizations in the last few
months through comment letters to LACMTA’s environmental documents, or in public
meetings. Specifically, the USEPA and the SCAQMD have recommended through
those forums that the LACMTA either implement best management practices or require
the use of cleaner on-road and off-road equipment to mitigate particulate matter (PM)
and nitrogen oxide (NO,,) compound emissions.
The development and implementation of a Green Construction Policy was advanced in
a motion sponsored by Director Richard Katz and approved by the LACMTA Board of
Directors on December 9, 2010. An LACMTA Board approved Green Construction
Policy will facilitate agency-wide and uniform implementation of cost-effective solutions
to this recognized air quality issue.

DISCUSSION
Staff presented a Draft Green Construction Policy during the March 2011 and June
2011 Executive Management and Audit Committee meetings. Additional guidance was
given by our Board of Directors during those meetings to ensure the development of a
comprehensive policy, consistent with the intent of Director Katz’s December 2010
motion; but more importantly considers issues associated with the implementation of
such a policy outside of the LACMTA jurisdiction. Additional considerations would
include lessons learned from the policies, guidelines, or framework of other jurisdictions
within our region specifically those of the Port of Los Angeles, Port of Long Beach, and
Los Angeles World Airports (LAWA).
Over the course of four months, staff had conducted separate meetings with various
stakeholders that included non-profit environmental organizations, construction
contractors, manufacturers of retrofit equipment; as well as representatives of the South
Coast Air Quality Management District, Port of Los Angeles, Port of Long Beach, and
Los Angeles World Airports. The meetings were designed not only to develop a more
comprehensive LACMTA Green Construction Policy but to gain consensus on language
and provisions that should be included in the policy. Additional meetings were
conducted in June and July to gain input from Metro’s Technical Advisory Committee,
Metro Streets and Freeways Sub-Committee, Metro Transit Business Advisory Council,
Northern Corridor Cities Meeting, Antelope Valley Air Quality Management District, Los
Angeles County Department of Public Works, and Small Business Outreach meeting to
discuss the policy. After going through this extensive outreach, the Green Construction
Policy included in Attachment A is attached for Board consideration. This policy
includes a commitment for the immediate adoption of the policy on construction projects
conducted on LACMTA properties and rights-of-way. The policy will be phased,
through a collaborative process, for implementation by other jurisdictions that
receive/program LACMTA funding (in whole or in part) for construction projects.
Staff’s recommendation to adopt this LACMTA Green Construction Policy is in line with
the clean construction requirements already existing in New York, Illinois (Cook Co.),
and Rhode Island (Providence), among others. Locally, the Port of Los Angeles, Port
of Long Beach, and LAWA have already incorporated clean construction requirements
into their specifications.
From an informal survey of transit agencies nationwide [through the American Public
Transportation Association (APTA)], it appears that only a handful of our peers have
considered clean/green construction equipment requirements. There appears to be no
transit agency at this time that has adopted such a policy. With the adoption of this
policy, we will be the industry leader in the APTA community.
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FINANCIAL IMPACT
LAWA and Port of Los Angeles staffs have been implementing clean construction
requirements in their construction activities. Specifically to LAWA, they have indicated
that the cost to implement these requirements in total, including the labor associated
with contractor bid costs, an Independent Third Party Monitor, environmental
management contractor staff, plus the cost for retrofitting the off-road construction
vehicles with diesel emission control systems, is approximately 0.3% of the overall
construction costs on one of their $150 million projects. In LAWA staff’s opinion, the
costs to do the same level of effort would conservatively be around 0.5% on a typical
construction project.
The Contractor or equipment owner (in cases where construction equipment is leased)
is responsible for all costs of purchase, installation, and maintenance of retrofit device
or any new construction equipment required by the policy. The Contractor shall also be
responsible for any compliance costs to be incurred by any of their subcontractors.
Finally, no Contractor shall be given a competitive advantage or disadvantage as a
result of the policy. Costs for complying with the policy shall not be considered by
LACMTA in evaluating bids.
As indicated in the policy, the LACMTA will provide information to the Contractor and
their subcontractors in identifying and applying for grants and loans that are available
for the greening of existing construction equipment or purchase of new green
construction equipment.

ALTERNATIVES CONSIDERED
Rejection of the recommended Board action is inconsistent with the intent of the Board
approved motion to develop this policy. Rejection of the staff recommendation is also
inconsistent with the provisions of our Board adopted Environmental Policy that
specifically commits to specific actions in mitigating environmental and human health
impacts, while maintaining sustainable operations.

NEXT STEPS
After the proposed Green Construction Policy is adopted by the LACMTA Board, staff
will incorporate the requirements of this policy in all future procurement contracts. It is
not retroactive. Staff will encourage Contractors that work on existing construction
projects in LACMTA properties or rights-of-way to implement the provisions of this
policy to the greatest extent feasible. Staff will develop a collaborative process to
phase the implementation of this policy in other jurisdictions that receive/program
LACMTA funding (in whole or in part) for construction projects.
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ATTACHMENT

A.

LACMTA Green Construction Policy

Prepared by: Cris B. Liban, Environmental Compliance and Services Department
Manager
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Krishniah N. Murthy
Executive Director, Project Transit Delivery
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Arthur T. Leahy
Chief Executive Officer
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ATTACHMENT A
LACMTA GREEN CONSTRUCTION POLICY
POLICY STATEMENT
The Los Angeles County Metropolitan Transportation Authority (LACMTA) will only use
greener, less polluting construction equipment and vehicles; and implement best
practices to meet or exceed air quality emission standards in all construction projects
performed on LACMTA properties and rights-of-way. Phase the implementation of this
policy, through a collaborative process, for implementation by other jurisdictions that
receive/program LACMTA funding (in whole or in part) for construction projects.

PURPOSE
This policy provides requirements for 1) identifying and mitigating air emission impacts
on human health, environment, and climate of on-road and off-road construction
equipment and generators used in our construction and development activities; 2)
implementing appropriate Best Management Practices (BMP) to complement
equipment mitigations; and 3) implementing strategies to ensure compliance with this
policy.
This policy is effective and enforceable immediately upon adoption for all new
construction projects. This policy is not retroactive. However, for all existing
construction projects [i.e., where contracts have already been awarded], LACMTA will
encourage all Contractors to implement the provisions of this policy to the greatest
extent feasible. The intent of this policy is to reduce harmful air emissions (particularly
particulate matter and nitrogen oxides) while minimizing any significant impact to cost
and schedule in any existing construction project. Nothing in this policy shall require a
retrofit that does not meet California OSHA standards.

COMMITMENTS
The LACMTA is an international leader in implementing environmental and
sustainability principles in all of its planning, construction, operations, and procurement
activities. The LACMTA commits to the following construction equipment requirements,
construction BMPs, and implementation strategies for all of its construction projects
performed on LACMTA properties or rights-of-way. The implementation of this policy
will be phased, through a collaborative process, for implementation in other jurisdictions
that receive/program LACMTA funding (in whole or in part) for construction projects.
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CONSTRUCTION EQUIPMENT
Through this Green Construction Policy, the LACMTA commits to ensuring that all of
the on-road and off-road equipment used in its construction activities are green and
less-polluting as follows:
Construction Equipment (excluding On-Road Equipment)

1)

Construction equipment shall incorporate, where feasible, emissions-reducing
technology such as hybrid drives and specific fuel economy standards.

2)

Idling shall be restricted to a maximum of 5 minutes, except as provided in the
exceptions to the applicable CARB regulations regarding idling.

3)

Equipment Engine Specifications:
a. Prior to December 31, 2011: All off-road diesel-powered construction
equipment greater than 50 horsepower (hp) shall meet Tier-2 off-road
emission standards at a minimum. In addition, all construction equipment
greater than 50 hp shall be retrofitted with a CARB-verified Level 3 Diesel
Emissions Control Device system (DECS).
b. From January 1, 2012, to December 31, 2014: All off-road dieselpowered construction equipment greater than 50 hp shall meet Tier-3 offroad emission standards at a minimum. In addition, all construction
equipment greater than 50 hp shall be retrofitted with a CARB-verified
Level 3 DECS. Any emissions control device used by the Contractor shall
achieve emissions reductions that are no less than what could be
achieved by a Level 3 diesel emissions control strategy for a similarly
sized engine as defined by CARB regulations.
c. From January 1, 2015 and onwards: All off-road diesel-powered
construction equipment greater than 50 hp shall meet Tier-4 off-road
emission standards at a minimum. In addition, if not already supplied with
a factory-equipped diesel particulate filter, all construction equipment shall
be outfitted with Best Available Control Technology (BACT) devices
certified by CARB. Any emissions control device used by the Contractor
shall achieve emissions reductions that are no less than what could be
achieved by a Level 3 diesel emissions control strategy for a similarly
sized engine as defined by CARB regulations.

On-Road Equipment

1) Trucks or equipment hauling material such as debris or any fill material shall be
fully covered while operating at, to and from the LACMTA construction project.
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2) Idling shall be restricted to a maximum of 5 minutes, except as provided in the
regulations
regarding
idling.
applicable
CARB
exceptions
to
the
3) EPA Standards:
a)

Prior to December 31, 2013: All on-road heavy-duty diesel trucks or
equipment with a gross vehicle weight rating (GVWR) of 19,500 pounds or
greater shall meet or exceed the EPA 2007 on-road emission standards
for PM (0.01 g/bhp-hr); or shall be equipped with a CARB verified Level 3
diesel particulate filter.

b) From January 1, 2014 and onwards: All on-road heavy-duty diesel
trucks or equipment with a GVWR of 19,500 pounds or greater shall
comply with EPA 2007 on-road emission standards for PM and NO (0.01
g/bhp-hr and at least 1.2 g/bhp-hr, respectively).
r trrc

Every effort shall be made to utilize grid-based electric power at any construction
site, where feasible. Where access to the power grid is not available, on-site
generators must:
1)

Meet a 0.01 gram per brake-horsepower-hour standard for PM, or

2)

Be equipped with BACT for PM emissions reductions.

Exceptions
These on-road and off-road construction equipment and generator requirements shall
apply unless any of the following circumstances exist and the Contractor provides a
written finding consistent with project contract requirements that:
1) The Contractor intends to meet the requirements of this policy as to a particular
vehicle or piece of equipment by leasing or short-term rental, and the Contractor
has attempted in good faith and due diligence to lease the vehicle or equipment
that would comply with this policy, but that vehicle or equipment is not available
for lease or short-term rental within 200 miles of the project site, and the
Contractor has submitted documentation to LACMTA showing that the
requirements of this Exception provision apply.
2) The Contractor has been awarded funding by SCAQMD or another agency that
would provide some or all of the cost to retrofit, repower, or purchase a piece of
equipment or vehicle, but the funding has not yet been provided due to
circumstances beyond the Contractor’s control, and the Contractor has
attempted in good faith and due diligence to lease or short-term rent the
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equipment or vehicle that would comply with this policy, but that equipment or
vehicle is not available for lease or short-term rental within 200 miles of the
project site, and the Contractor has submitted documentation to LACMTA
showing that the requirements of this Exception provision apply.
3) Contractor has ordered a piece of equipment or vehicle to be used on the
construction project in compliance with this policy at least 60 days before that
equipment or vehicle is needed at the project site, but that equipment or vehicle
has not yet arrived due to circumstances beyond the Contractor’s control, and
the Contractor has attempted in good faith and due diligence to lease or shortterm rent a piece of equipment or vehicle to meet the requirements of this
policy, but that equipment or vehicle is not available for lease or short-term
rental within 200 miles of the project, and the Contractor has submitted
documentation to LACMTA showing that the requirements of this Exception
provision apply.
4) Construction-related diesel equipment or vehicle will be used on an LACMTA
construction project site for fewer than 10 calendar days per calendar year. The
Contractor shall not consecutively use different equipment or vehicles that
perform the same or a substantially similar function in an attempt to use this
Exception to circumvent the intent of this policy.
In any of the situations described above, the Contractor shall provide the next cleanest
piece of equipment or vehicle as provided by the step down schedules in Table A for
Off-Road Equipment and Table B for On-Road Equipment.
Table A. Off-Road Compliance Step Down S chedule *

CA RB-verified DECS (VDECS)
Engine Standard
Compliance Alternative
N/A**
Tier
4
1
Level
Tier
2
Level
Tier
3
Level
Tier 1
4
Level
Tier
5
Level 1
Tier
6
Uncontrolled
Tier 2
7
Level
Tier
8
Equipment less than Tier 1, Level 2 shall not be permitted.
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Table B On-Road Compliance Step Down S chedule *
Compliance Alternative
1
2
3
4
5
6

Engine Model Year
2010
2007
2004
1998
2004
1998

CA RB- Verified DECS (VDECS)
N/A
N/A**
Level
Level
Uncontrolled
Uncontrolled

Equipment with a model year earlier than Model Year 1998 shall not be permitted.
*How to use Table A and Table B: For example, if Compliance Alternative #3 is required by this policy

but a Contractor cannot obtain an off-road vehicle that meets the Tier 2 engine standard that is equipped
with a Level 3 DECS (Compliance Alternative #3 in Table A) and meets one of the above exceptions, then
the Contractor shall use a vehicle that meets the next compliance alternative (Compliance Alternative #4)
which is a Tier 1 engine standard equipped with a Level 3 DECS. Should the Contractor not be able to
supply a vehicle with a Tier 1 engine equipped with a Level 3 DECS in accordance with Compliance
Alternative #4 and has satisfied the requirements of one of the above exceptions as to the Contractor’s
ability to obtain a vehicle meeting Compliance Alternative #4, the Contractor shall then supply a vehicle
meeting the next compliance alternative (Compliance Alternative #5), and so on. If the Contractor is
proposing an exemption for on-road equipment, the step down schedule in Table B should be used. A
Contractor must demonstrate that it has satisfied one of the exceptions listed in the selected Compliance
Alternative # before it can use a subsequent Compliance Alternative. The goal is to ensure that the
Contractor has exercised due diligence in supplying the cleanest fleet available.
**Tier 4 or 2007 Model Year equipment not already supplied with a factory-equipped diesel particulate
filter shall be outfitted with Level 3 VDECS.

BEST MANAGEMENT PRACTICES
In addition to equipment requirements, the Best Management Practices (BMP5) listed
below are imposed on all construction projects that performed on LACMTA properties
and rights-of-way.
BMPs shall include, at a minimum:
1)

Use of diesel particulate traps or best available control technology, as feasible;

2)

Maintain equipment according to manufacturers’ specifications;

3)

Restrict idling of construction equipment and on-road heavy-duty trucks to a
maximum of 5 minutes when not in use, except as provided in the exceptions
to the applicable CARB regulations regarding idling for off-road and on-road
equipment;
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4)

Maintain a buffer zone that is a minimum of 1,000 feet between truck traffic and
sensitive receptors, where feasible;

5)

Where applicable and feasible, work with local jurisdictions to improve traffic
flow by signal synchronization;

6)

If feasible and as allowed by local jurisdictions, configure construction parking
to minimize traffic interference;

7)

Enforce truck parking restrictions, where applicable;

8)

Prepare haul routes that conform to local requirements to minimize traversing
through congested streets or near sensitive receptor areas;

9)

Provide dedicated turn lanes for movement of construction trucks and
equipment on- and off-site, as feasible;

1 0) Schedule construction activities that affect traffic flow on the arterial system to
off-peak hours to the extent practicable;
11) Use electric power in lieu of diesel power where available; and
12) Traffic speeds on all unpaved roads to be 15 mph or less.

IMPLEMENTATION
The following shall be incorporated to ensure proper compliance with this policy.
Not/f/cat/on
Contractors of construction activities that are located within 1,000 feet of
sensitive receptors shall notify each of these sites in writing at least 30 days
before construction activities begin. Notification shall include the name of the
project, a description of the location, the acreage of the construction site, the
type and quantity of equipment and vehicles that will be operating at or near the
site, the start date and reasonably anticipated duration of the construction, and
contact information for a LACMTA community liaison who can answer any
questions.
Enforcement
Each solicitation by LACMTA for a construction project contract and each
contract entered into as a result of such solicitation shall include provisions
authorizing enforcement of the requirements of this policy.
Violations of any of the requirements of this policy shall be deemed to be a
material breach of the Contractor agreement, and LACMTA shall have available
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all remedies including warnings, fines, requirement to remove equipment,
institution of special assessments, and termination of contract.
LACMTA shall conduct inspection of construction sites and affected off-road and
on-road equipment and generator as well as compliance with air quality rules.
These inspections will be conducted as part of existing LACMTA staff functions
and without advance notice to the Contractor.
Records

Prior to Notice to Proceed (NTP) to commence construction project and to be
verified afterwards consistent with project contract requirements and through
enforcement provisions above, the Contractor shall submit to LACMTA the
following information for all construction equipment to be used in all construction
projects on LACMTA properties or rights-of-way:
1) A certified statement that all construction equipment used conform to the
requirements specified above;
2) A list of all the equipment and vehicles [i.e., for off-road equipment,
include the CARB-issued Equipment Identification Number (EIN)] to be
used;
3) A copy of each Contractor’s certified EPA rating and applicable paperwork
issued either by CARB, SCAQMD and any other jurisdiction that has
oversight over the equipment; and
4) The name, business address, e-mail address, and phone number for the
individual person responsible for each of the pieces of equipment and
vehicles subject to this policy.
If an unanticipated need for the use of equipment or a vehicle arises after
construction has commenced or after the Contractor has submitted the
information required by the above subsections (1)(4), the Contractor shall
provide such information for the unanticipated equipment or vehicle within 14
days after an identified emergency or when the need arises and prior to the use
of the equipment or vehicle.
Quantification and Reporting of Emission Reductions

No later than 18 months after the date the LACMTA Board of Directors adopts
this policy, and annually thereafter, LACMTA shall develop a summary report
presented to the Board and available on the LACMTA website which shall
include:
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1) A description of the implementation of this policy;
2) Quantification of the resulting PM and NO emission reductions;
3) A list and description of monitoring and enforcement actions;
4) A description of other appropriate measures of progress;
5) A description of the outreach of this policy in other jurisdictions that
receive/program LACMTA funding (in whole or in part) for construction
projects;
6) A description of implementation problems encountered and
opportunities for additional reductions in emissions; and
7) Recommendations for any statutory or policy changes.
Implementation and Compliance Costs

The Contractor or equipment or vehicle owner (in cases where the equipment or
vehicle is leased) is responsible for all costs of purchase, installation, and
maintenance of retrofit devices or any new construction equipment required by
this policy. The Contractor shall also be responsible for any compliance costs to
be incurred by any of their subcontractors.
The LACMTA will provide information to the Contractor and their subcontractors
to aid in the identification of and application for grants and loans that are
available for the retrofit or repower of existing construction equipment or
purchase of new green construction equipment.
No Contractor shall be given a competitive advantage or disadvantage as a
result of this policy. Costs for complying with this policy is a part of the
Contractor’s bid and will not have any consideration in evaluating bids.
DEFINITIONS
Best Available Control Technology (BACT) is defined as technology, verified by
CARB, for an off-road vehicle that achieves reductions in PM emissions at the
highest applicable classification level for diesel emission control strategies. A
summary of CARB-verified diesel emission control strategies may be found at
http://www.arb.ca.Qov/diesel/verdev/vt/cvt.htm . Where this policy requires BACT,
this requirement can be satisfied by a factory installed equivalent device, such as
a diesel particulate filter.
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Classification Levels are defined as levels of diesel emission control retrofit
technologies, with Level 3 being the highest classification level, and the only
level acceptable for a retrofit under this policy, except as provided for in this
policy:
Level 3 is defined as retrofit technology that reduces diesel PM emissions
by 85 percent or greater or reduces engine emissions to less than or
equal to 0.01 grams diesel PM per brake horsepower-hour;
. Level 2 is defined as retrofit technology that reduces diesel PM emissions
by between 50 and 84 percent;
Level 1 is defined as retrofit technology that reduces diesel PM emissions
by between 25 and 49 percent.

Construction Project is defined as a project that is performed on LACMTA
properties or rights-of-way. If the project is performed in collaboration with
another agency or agencies or parties, including where the other agency or
agencies or parties have the lead responsibility for construction, LACMTA shall
discuss with those agencies or parties the incorporation of the provisions of this
Green Construction policy into all agreements, including Memoranda of
Understanding, between LACMTA and the other agency or agencies or parties.
Until such time, provisions of this policy shall only be used as a guideline in
performing construction projects that receive/program LACMTA funds in whole or
in part.
Sensitive Receptor Site is defined as a site that is within the definition provided in
the CARB Air Quality and Land Use Planning Guidelines (2005)
(www.arb.ca.ciov/ch/landuse.htm) such as schools, daycares, playgrounds, and
hospitals.
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Transportation Conformity Guidance for
Quantitative Hot-Spot Analyses in
PM2.5 and PM10 Nonattainment and
Maintenance Areas

Transportation and Climate Division
Office of Transportation and Air Quality
U.S. Environmental Protection Agency

EPA-420-B-13-053
November 2013
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Section 1: Introduction
1.1

PURPOSE OF THIS GUIDANCE

This guidance describes how to complete quantitative hot-spot analyses for certain
highway and transit projects in PM2.5 and PM10 (PM) nonattainment and maintenance
areas. This guidance describes transportation conformity requirements for hot-spot
analyses, and provides technical guidance on estimating project emissions with the
Environmental Protection Agency’s (EPA’s) MOVES model, California’s EMFAC
model, and other methods. It also outlines how to apply air quality models for PM hotspot analyses and includes additional references and examples. However, the guidance
does not change the specific transportation conformity rule requirements for quantitative
PM hot-spot analyses, such as what projects require these analyses. EPA has coordinated
with the Department of Transportation (DOT) during the development of this guidance.
Transportation conformity is required under Clean Air Act (CAA) section 176(c) (42
U.S.C. 7506(c)) to ensure that federally supported highway and transit project activities
are consistent with (conform to) the purpose of a state air quality implementation plan
(SIP). Conformity to the purpose of the SIP means that transportation activities will not
cause or contribute to new air quality violations, worsen existing violations, or delay
timely attainment of the relevant national ambient air quality standards (NAAQS) or
required interim milestones. EPA’s transportation conformity rule (40 CFR 51.390 and
Part 93) establishes the criteria and procedures for determining whether transportation
activities conform to the SIP. Conformity applies to transportation activities in
nonattainment and maintenance areas for transportation-related pollutants, including
PM2.5 and PM10. This guidance is consistent with existing regulations and guidance for
the PM NAAQS, SIP development, and other regulatory programs as applicable. This
guidance does not address carbon monoxide (CO) hot-spot requirements or modeling
procedures.1

1.2

TIMING OF QUANTITATIVE PM HOT-SPOT ANALYSES

On March 10, 2006, EPA published a final rule establishing transportation conformity
requirements for analyzing the local PM air quality impacts of transportation projects (71
FR 12468). The conformity rule requires a qualitative PM hot-spot analysis to be
performed until EPA releases guidance on how to conduct quantitative PM hot-spot
analyses and announces in the Federal Register that such requirements are in effect (40
CFR 93.123(b)).2 EPA also stated in the March 2006 final rule that quantitative PM hot
1

EPA has issued a separate guidance document on how to use MOVES for CO project-level analyses
(including CO hot-spot analyses for conformity purposes). This guidance is available online at:
www.epa.gov/otaq/stateresources/transconf/policy.htm.
2
For more information on qualitative PM hot-spot analyses, see “Transportation Conformity Guidance for
Qualitative Hot-spot Analyses in PM2.5 and PM10 Nonattainment and Maintenance Areas,” EPA420-B-06
902 (March 2006); available online at: www.epa.gov/otaq/stateresources/transconf/policy.htm. The
qualitative PM hot-spot requirements under 40 CFR 93.123(b)(2) will no longer apply in any PM 2.5 and
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spot analyses would not be required until EPA released an appropriate motor vehicle
emissions model for these project-level analyses.3
Quantitative PM hot-spot analyses will be required after the end of the conformity grace
period for applying motor vehicle emissions models for such analyses. See the Federal
Register notice of availability for more information on EPA’s approval of MOVES (and
EMFAC in California) for PM hot-spot analyses. The effective date of the Federal
Register notice constitutes the start of the two-year conformity grace period.4 EPA has
issued policy guidance on when these models will be required for PM hot-spot analyses
and other purposes.5

1.3

DEFINITION OF A HOT-SPOT ANALYSIS

A hot-spot analysis is defined in 40 CFR 93.101 as an estimation of likely future
localized pollutant concentrations and a comparison of those concentrations to the
relevant NAAQS. A hot-spot analysis assesses the air quality impacts on a scale smaller
than an entire nonattainment or maintenance area, including, for example, congested
highways or transit terminals. Such an analysis of the area substantially affected by the
project demonstrates that CAA conformity requirements are met for the relevant NAAQS
in the “project area.” When a hot-spot analysis is required, it is included within a projectlevel conformity determination.

1.4

PROJECTS REQUIRING A PM HOT-SPOT ANALYSIS

PM hot-spot analyses are required for projects of local air quality concern, which include
certain highway and transit projects that involve significant levels of diesel vehicle traffic
and any other project identified in the PM SIP as a localized air quality concern. See
Section 2.2 of the guidance for further information on the specific types of projects where
a PM hot-spot analysis is required. A PM hot-spot analysis is not required for projects
that are not of local air quality concern. This guidance does not alter the types of projects
that require a PM hot-spot analysis.
Note that additional projects may need hot-spot analyses in PM10 nonattainment and
maintenance areas with approved conformity SIPs that are based on the federal PM10 hotspot requirements that existed before the March 2006 final rule.6 EPA strongly
PM10 nonattainment and maintenance areas once the grace period is over and quantitative requirements are
in effect. At that time, the 2006 EPA/FHWA qualitative PM hot-spot guidance will be superseded by
EPA’s quantitative PM hot-spot guidance.
3
See EPA’s March 2006 final rule (71 FR 12498-12502).
4
EPA posts all Federal Register notices for approving new emissions models on its website:
www.epa.gov/otaq/stateresources/transconf/policy.htm#models.
5
“Policy Guidance on the Use of MOVES2010 for State Implementation Plan Development,
Transportation Conformity, and Other Purposes,” EPA-420-B-09-046 (December 2009); available online
at: www.epa.gov/otaq/stateresources/transconf/policy.htm#models.
6
A “conformity SIP” includes a state’s specific criteria and procedures for certain aspects of the
transportation conformity process (40 CFR 51.390).
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encourages states to revise these types of approved conformity SIPs to take advantage of
the streamlining flexibilities provided by the current CAA.7 See Appendix C for further
details on how these types of approved conformity SIPs can affect what projects are
required to have PM hot-spot analyses.

1.5

OTHER PURPOSES FOR THIS GUIDANCE

This guidance addresses how to complete a quantitative PM hot-spot analysis for
transportation conformity purposes. However, certain sections of this technical guidance
may also be applicable when completing analyses of transportation projects for general
conformity determinations and for other purposes. For example, Sections 4 or 5 can be
used to estimate transportation project emissions using MOVES or EMFAC, and Sections
7 and 8 can be used to conduct PM air quality analyses of transportation projects.

1.6

ORGANIZATION OF THIS GUIDANCE

The remainder of this guidance is organized as follows:
 Section 2 provides an overview of transportation conformity requirements for PM
hot-spot analyses.
 Section 3 describes the general process for conducting PM hot-spot analyses.
 Sections 4 and 5 describe how to estimate vehicle emissions from a project using
the latest approved emissions model, either MOVES (for all states other than
California) or EMFAC (for California).
 Section 6 discusses how to estimate emissions from road dust, construction dust,
and additional sources, if necessary.
 Section 7 describes how to determine the appropriate air quality dispersion model
and select model inputs.
 Section 8 covers how to determine background concentrations, including nearby
source emissions in the project area.
 Section 9 describes how to calculate the appropriate design values and determine
whether or not the project conforms.
 Section 10 describes mitigation and control measures that could be considered, if
necessary.
The following appendices for this guidance may also help state and local agencies
conduct PM hot-spot analyses:
 Appendix A is a clearinghouse of information and resources external to this
guidance that may be useful when completing PM hot-spot analyses.
 Appendix B gives examples of projects of local air quality concern.

7

For more information about conformity SIPs, see EPA’s “Guidance for Developing Transportation
Conformity State Implementation Plans (SIPs),” EPA-420-B-09-001 (January 2009); available online at:
www.epa.gov/otaq/stateresources/transconf/policy/420b09001.pdf.
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Appendix C discusses what projects need a PM10 hot-spot analysis if a state’s
approved conformity SIP is based on pre-2006 requirements.
Appendix D demonstrates how to characterize links in an intersection when
running MOVES.
Appendices E and F are abbreviated PM hot-spot analysis examples using
MOVES and air quality models for a highway and transit project, respectively.
Appendices G and H are examples on how to configure and run EMFAC for a
highway and transit project, respectively.
Appendix I describes how to estimate locomotive emissions in the project area.
Appendix J includes details on how to input data and run air quality models for
PM hot-spot analyses, as well as prepare outputs for design value calculations.
Appendix K has examples of how to calculate design values and determine
transportation conformity.

Except where indicated, this guidance applies equally for the annual PM2.5 NAAQS, the
24-hour PM2.5 NAAQS, and the 24-hour PM10 NAAQS. This guidance is written for
current and future PM2.5 and PM10 NAAQS. EPA will re-evaluate the applicability of
this guidance, as needed, if different PM NAAQS are promulgated in the future.

1.7

ADDITIONAL INFORMATION

For specific questions concerning a particular nonattainment or maintenance area, please
contact the transportation conformity staff person responsible for your state at the
appropriate EPA Regional Office. Contact information for EPA Regional Offices can be
found at: www.epa.gov/otaq/stateresources/transconf/contacts.htm.
General questions about this guidance can be directed to Meg Patulski at EPA’s Office of
Transportation and Air Quality, patulski.meg@epa.gov, (734) 214-4842.
Technical questions about conformity hot-spot analyses can be directed to conformity
hotspot@epa.gov.
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1.8

GUIDANCE AND EXISTING REQUIREMENTS

This guidance does not create any new requirements. The CAA and the regulations
described in this document contain legally binding requirements. This guidance is not a
substitute for those provisions or regulations, nor is it a regulation in itself. Thus, it does
not impose legally binding requirements on EPA, DOT, states, or the regulated
community, and may not apply to a particular situation based upon the circumstances.
EPA retains the discretion to adopt approaches on a case-by-case basis that may differ
from this guidance but still comply with the statute and applicable regulations. This
guidance may be revised periodically without public notice. As noted above, EPA’s
Federal Register notice describes the two-year conformity grace period for MOVES and
EMFAC for PM hot-spot analyses, and when the requirements for quantitative PM hotspot analyses in 40 CFR 93.123(b) will take effect.
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Section 2: Transportation Conformity Requirements
2.1

INTRODUCTION

This section outlines the transportation conformity requirements for quantitative PM hotspot analyses, including the general statutory and regulatory requirements, specific
analytical requirements, and the different types of agencies involved in developing hotspot analyses.

2.2

OVERVIEW OF STATUTORY AND REGULATORY REQUIREMENTS

CAA section 176(c)(1) is the statutory requirement that must be met by all projects in
nonattainment and maintenance areas that are subject to transportation conformity.
Section 176(c)(1)(B) states that federally-supported transportation projects must not
“cause or contribute to any new violation of any standard [NAAQS] in any area; increase
the frequency or severity of any existing violation of any standard in any area; or delay
timely attainment of any standard or any required interim emission reductions or other
milestones in any area.”8
Section 93.109(b) of the conformity rule outlines the requirements for project-level
conformity determinations. For example, PM hot-spot analyses must be based on the
latest planning assumptions available at the time the analysis begins (40 CFR 93.110).
Also, the design concept and scope of the project must be consistent with that included in
the conforming transportation plan and transportation improvement program (TIP) or
regional emissions analysis (40 CFR 93.114).
Section 93.123(b)(1) of the conformity rule defines the projects that require a PM2.5 or
PM10 hot-spot analysis as:
“(i) New highway projects that have a significant number of diesel vehicles, and
expanded highway projects that have a significant increase in the number of diesel
vehicles;
(ii) Projects affecting intersections that are at Level-of-Service D, E, or F with a
significant number of diesel vehicles, or those that will change to Level-ofService D, E, or F because of increased traffic volumes from a significant number
of diesel vehicles related to the project;

8

See EPA’s March 2006 final rule (71 FR 12469-12490) and March 24, 2010 final rule (75 FR 14274
14285). Both of these final rules address the statutory conformity requirements and explain how the hotspot analyses required by EPA’s regulations satisfy those requirements. Issues relating to the statutory
conformity requirements are therefore not addressed in this guidance document. See also Environmental
Defense v. EPA 467 F.3d 1329 (D.C. Cir. 2006) and Environmental Defense vs. EPA, 509 F.3d 553 (D.C.
Cir. 2007).
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(iii) New bus and rail terminals and transfer points that have a significant number
of diesel vehicles congregating at a single location;
(iv) Expanded bus and rail terminals and transfer points that significantly increase
the number of diesel vehicles congregating at a single location; and
(v) Projects in or affecting locations, areas, or categories of sites which are
identified in the PM2.5 or PM10 applicable implementation plan or implementation
plan submission, as appropriate, as sites of violation or possible violation.”
A PM hot-spot analysis is not required for projects that are not of local air quality
concern. For these projects, state and local project sponsors should document in their
project-level conformity determinations that the requirements of the CAA and 40 CFR
93.116 are met without a hot-spot analysis, since such projects have been found not to be
of local air quality concern under 40 CFR 93.123(b)(1). Note that all other project-level
conformity requirements must continue to be met. See Appendix B for examples of
projects that are most likely to be of local air quality concern, as well as examples of
projects that are not.9
Section 93.123(c) of the conformity rule includes the general requirements for all PM
hot-spot analyses. A PM hot-spot analysis must:
 Estimate the total emissions burden of direct PM emissions that may result from
the implementation of the project(s), summed together with future background
concentrations;
 Include the entire transportation project, after identifying the major design
features that will significantly impact local concentrations;
 Use assumptions that are consistent with those used in regional emissions
analyses for inputs that are needed for both analyses (e.g., temperature, humidity);
 Assume the implementation of mitigation or control measures only where written
commitments for such measures have been obtained; and
 Consider emissions increases from construction-related activities only if they
occur during the construction phase and last more than five years at any
individual site.
Finally, the interagency consultation process must be used to develop project-level
conformity determinations to meet all applicable conformity requirements for a given
project. In general, when a hot-spot analysis is required, it is done when a project-level
conformity determination is completed. Conformity determinations are typically
developed during the National Environmental Policy Act (NEPA) process, although
conformity requirements are separate from NEPA-related requirements. There can also

9

See the preamble of the March 2006 final rule for further information regarding how and why EPA
defined projects of local air quality concern (71 FR 12491-12493). EPA also clarified Section
93.123(b)(1)(i) in the January 24, 2008 final rule (73 FR 4435-4436).
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be limited cases when conformity requirements apply after the initial NEPA process has
been completed.10

2.3

INTERAGENCY CONSULTATION AND PUBLIC PARTICIPATION
REQUIREMENTS

The interagency consultation process is an important tool for completing project-level
conformity determinations and hot-spot analyses. Interagency consultation must be used
to develop a process to evaluate and choose models and associated methods and
assumptions to be used in PM hot-spot analyses (40 CFR 93.105(c)(1)(i)). For example,
each area’s interagency consultation procedures must be used to determine the models
and associated methods and assumptions for:
 The geographic area covered by the analysis (see Section 3.3);
 The emissions models used in the analysis (see Section 4 for MOVES and
Section 5 for EMFAC);
 Whether and how to estimate road and construction dust emissions (see
Section 6);
 The nearby sources considered, background data used, and air quality model
chosen, including the background monitors/concentrations selected and any
interpolation methods used (see Sections 7 and 8); and
 The appropriateness of receptors to be compared to the annual PM2.5 NAAQS
(see Section 9.4).
State and local agencies have flexibility to decide whether the process outlined in the
interagency consultation procedures should be used for aspects of PM hot-spot analyses
where consultation is not required. The roles and responsibilities of various agencies for
meeting the transportation conformity requirements are addressed in 40 CFR 93.105 or in
a state’s approved conformity SIP. See Section 2.9 for further information on the
agencies involved in interagency consultation.
This guidance describes when consultation on specific decisions is necessary, but for
many aspects of PM hot-spot analyses, the general requirement for interagency
consultation can be satisfied without consulting separately on each and every specific
decision that arises. In general, as long as the consultation requirements are met,
agencies have discretion as to how they consult on hot-spot analyses. For example, the
interagency consultation process could be used to make decisions on a case-by-case basis
for individual transportation projects for which a PM hot-spot analysis is required. Or,
agencies involved in the consultation process could develop procedures that will apply
for any PM hot-spot analysis and agree that any departures from procedures would be
discussed by involved agencies. For example, interagency consultation is required on the
emissions model used for the analysis, but agencies could agree up front that the latest
EPA-approved version of MOVES will be used for any hot-spot analysis necessary in an
10

Such an example may occur when NEPA is completed prior to an area being designated nonattainment,
but additional federal project approvals are required after conformity requirements apply.
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area that is not located in California. As a second example, agencies could agree ahead
of time that, if appropriate, instead of modeling all four quarters of the year for a 24-hour
PM NAAQS, only the quarters that were modeled for the latest SIP demonstration for
that NAAQS need to be modeled in a hot-spot analysis.
The conformity rule also requires agencies completing project-level conformity
determinations to establish a proactive public involvement process that provides
opportunity for public review and comment (40 CFR 93.105(e)). The NEPA public
involvement process is typically used to satisfy this public participation requirement.11 If
a project-level conformity determination that includes a PM hot-spot analysis is
performed after NEPA is completed, a public comment period must still be provided to
support that determination. In these cases, agencies have flexibility to decide what
specific public participation procedures are appropriate, as long as the procedures provide
a meaningful opportunity for public review and comment.

2.4

HOT-SPOT ANALYSES ARE BUILD/NO-BUILD ANALYSES

2.4.1

General

As noted above, the conformity rule requires that the emissions from the proposed
project, when considered with background concentrations, will not cause or contribute to
any new violation, worsen existing violations, or delay timely attainment of the relevant
NAAQS or required interim milestones. As described in Section 1.3, the hot-spot
analysis examines the area substantially affected by the project (i.e., the “project area”).
In general, a hot-spot analysis compares the air quality concentrations with the proposed
project (the build scenario) to the air quality concentrations without the project (the nobuild scenario).12 These air quality concentrations are determined by calculating a
“design value,” a statistic that describes a future air quality concentration in the project
area that can be compared to a particular NAAQS. It is always necessary to complete
emissions and air quality modeling on the build scenario and compare the resulting
design values to the relevant PM NAAQS. However, it will not always be necessary to
conduct emissions and air quality modeling for the no-build scenario, as described further
below.
2.4.2

Suggested approach for PM hot-spot analyses

To avoid unnecessary work, EPA suggests the following approach when completing a
PM hot-spot analysis:

11

Section 93.105(e) of the conformity rule requires agencies to “provide opportunity for public
involvement in conformity determinations for projects where otherwise required by law.”
12
See 40 CFR 93.116(a). See also November 24, 1993 conformity rule (58 FR 62212-62213). Please note
that a build/no-build analysis for project-level conformity determinations is different than the build/no
build interim emissions test for regional emissions analyses in 40 CFR 93.119.
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First, model the build scenario and account for background concentrations in
accordance with this guidance. If the design values for the build scenario are less
than or equal to the relevant NAAQS, the project meets the conformity rule’s hotspot requirements and no further modeling is needed (i.e., there is no need to
model the no-build scenario). If this is not the case, the project sponsor could
choose mitigation or control measures, perform additional modeling that includes
these measures, and then determine if the build scenario is less than or equal to
the relevant NAAQS.



If the build scenario results in design values greater than the NAAQS, then the
no-build scenario will also need to be modeled. The no-build scenario will model
the air quality impacts of sources without the proposed project. The modeling
results of the build and no-build scenarios should be combined with background
concentrations as appropriate. If the design values for the build scenario are less
than or equal to the design values for the no-build scenario, then the project meets
the conformity rule’s hot-spot requirements. If not, then the project does not meet
conformity requirements without further mitigation or control measures. If such
measures are considered, additional modeling will need to be completed and new
design values calculated to ensure that the build scenario is less than or equal to
the no-build scenario.

The project sponsor can decide to use the suggested approach above or a different
approach (e.g., conduct the no-build analysis first, calculate design values at all build and
no-build scenario receptors). The project sponsor can choose to apply mitigation or
control measures at any point in the process.13 This guidance applies to any of the above
approaches for a given PM hot-spot analysis.
In general, assumptions should be consistent between the build and no-build scenarios for
a given analysis year, except for traffic volumes and other project activity changes or
changes in nearby sources that are expected to occur due to the project (e.g., increased
activity at a nearby marine port or intermodal terminal due to a new freight corridor
highway). Project sponsors should document the build/no-build analysis in the projectlevel conformity determination, including the assumptions, methods, and models used for
each analysis year(s).
The conformity rule defines how to determine if new NAAQS violations or increases in
the frequency or severity of existing violations are predicted to occur based on the hotspot analysis. Section 93.101 states:
“Cause or contribute to a new violation for a project means:
(1) To cause or contribute to a new violation of a standard in the area
substantially affected by the project or over a region which would

13

If mitigation or control measures are used to demonstrate conformity during the hot-spot analysis, the
conformity determination for the project must include written commitments to implement such measures
(40 CFR 93.125).
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otherwise not be in violation of the standard during the future period in
question, if the project were not implemented; or
(2) To contribute to a new violation in a manner that would increase the
frequency or severity of a new violation of a standard in such area.”
“Increase the frequency or severity means to cause a location or region to exceed
a standard more often or to cause a violation at a greater concentration than
previously existed and/or would otherwise exist during the future period in
question, if the project were not implemented.”
A build/no-build analysis is typically based on design value comparisons done on a
receptor-by-receptor basis. However, there may be certain cases where a “new” violation
at one receptor (in the build scenario) is relocated from a different receptor (in the nobuild scenario). As discussed in the preamble to the November 24, 1993 transportation
conformity rule, EPA believes that “a seemingly new violation may be considered to be a
relocation and reduction of an existing violation only if it were in the area substantially
affected by the project and if the predicted [future] design value for the “new” site would
be less than the design value at the “old” site without the project – that is, if there would
be a net air quality benefit” (58 FR 62213). Since 1993, EPA has made this interpretation
only in limited cases with CO hot-spot analyses where there is a clear relationship
between a proposed project and a possible relocated violation (e.g., a reduced CO
NAAQS violation is relocated from one corner of an intersection to another due to trafficrelated changes from an expanded intersection). Any potential relocated violations in PM
hot-spot analyses should be determined through an area’s interagency consultation
procedures.
2.4.3

Guidance focuses on refined PM hot-spot analyses

Finally, the build/no-build analysis described in this guidance represents a refined PM
hot-spot analysis, rather than a screening analysis. Refined analyses rely on detailed
local information and simulate detailed atmospheric processes to provide more
specialized and accurate estimates, and can be done for both the build and no-build
scenarios. In contrast, screening analyses estimate the maximum likely air quality
impacts from a given source under worst case conditions for the build scenario only.14
EPA believes that, because of the complex nature of PM emissions, the statistical form of
each NAAQS, the need to consider temperature effects throughout the time period
covered by the analysis, and the variability of background concentrations over the course
of a year, quantitative PM hot-spot analyses need to be completed using the refined
analysis procedures described in this guidance.
However, there may be cases where using a screening analysis or components of a
screening analysis could be supported in PM hot-spot analyses, such as:
14

Screening analyses for the 1-hour and 8-hour CO NAAQS have been completed based on peak emissions
and worst case meteorology. The shorter time period covered by these NAAQS, the types of projects
modeled, and other factors make screening analyses appropriate for the CO NAAQS.
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Where a project can be characterized as a single source (e.g., a transit terminal
that could be characterized as a single area source). Such a case may be a
candidate for a screening analysis using worst case travel activity and
meteorological data and an appropriate screening model.15
Where emissions modeling for a project is completed using worst case travel
activity and a recommended air quality model (see Section 7.3).

Both of these options would be appropriate only for the build scenario and may be most
feasible in areas where monitored PM air quality concentrations are significantly below
the applicable NAAQS. In addition, other flexibilities that can simplify the hot-spot
analysis process are included in later parts of this guidance (e.g., calculating design
values in the build scenario first for the receptor with highest modeled concentrations
only).
EPA notes, however, that this guidance assumes that emissions modeling, air quality
modeling, and representative background concentrations are all necessary as part of a
quantitative PM hot-spot analysis in order to demonstrate conformity requirements. For
example, an approach that would involve comparing only emissions between the build
and no-build scenarios, without completing air quality modeling or considering
representative background concentrations, would not be technically supported.16
Furthermore, EPA believes that the value of using a screening option decreases for a PM
hot-spot analysis if a refined analysis will ultimately be necessary to meet conformity
requirements.
Evaluating and choosing models and associated methods and assumptions used in
screening options must be completed through the process established by each area’s
interagency consultation procedures (40 CFR 93.105(c)(1)(i)). Please consult with your
EPA Regional Office, which will coordinate with EPA’s Office of Transportation and Air
Quality (OTAQ) and Office of Air Quality Planning and Standards (OAQPS), if a
screening analysis option is being considered for a PM hot-spot analysis.

15

Such as AERSCREEN or AERMOD using meteorological conditions suitable for screening analyses.
Since Section 93.123(b)(1) of the conformity rule requires PM hot-spot analyses for projects with
significant new levels of PM emissions, it is unlikely that every portion of the project area in the build
scenario would involve the same or fewer emissions than that same portion in the no-build scenario. Such
an approach would not consider the variation of emissions and potential NAAQS impacts at different
locations throughout the project area, which is necessary to meet conformity requirements.
16
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2.5

EMISSIONS CONSIDERED IN PM HOT-SPOT ANALYSES

2.5.1

General requirements

PM hot-spot analyses include only directly emitted PM2.5 or PM10 emissions. PM2.5 and
PM10 precursors are not considered in PM hot-spot analyses, since precursors take time at
the regional level to form into secondary PM.17
2.5.2

PM emissions from motor vehicle exhaust, brake wear, and tire wear

Exhaust, brake wear, and tire wear emissions from on-road vehicles are always be
included in a project’s PM2.5 or PM10 hot-spot analysis. See Sections 4 and 5 for how to
quantify these emissions using MOVES (outside California) or EMFAC (within
California).
2.5.3

PM2.5 emissions from re-entrained road dust

Re-entrained road dust must be considered in PM2.5 hot-spot analyses only if EPA or the
state air agency has made a finding that such emissions are a significant contributor to the
PM2.5 air quality problem in a given nonattainment or maintenance area (40 CFR
93.102(b)(3) and 93.119(f)(8)).18


If a PM2.5 area has no adequate or approved SIP budgets for the PM2.5 NAAQS,
re-entrained road dust is not included in a hot-spot analysis unless the EPA
Regional Administrator or state air quality agency determines that re-entrained
road dust is a significant contributor to the PM2.5 nonattainment problem and has
so notified the metropolitan planning organization (MPO) and DOT.



If a PM2.5 area has adequate or approved SIP budgets, re-entrained road dust
would have to be included in a hot-spot analysis only if such budgets include reentrained road dust.

See Section 6 for further information regarding how to estimate re-entrained road dust for
PM2.5 hot-spot analyses, if necessary.
2.5.4

PM10 emissions from re-entrained road dust

Re-entrained road dust must be included in all PM10 hot-spot analyses. Because road
dust is a significant component of PM10 inventories, EPA has historically required road
dust emissions to be included in all conformity analyses of direct PM10 emissions –
17
See 40 CFR 93.102(b) for the general requirements for applicable pollutants and precursors in
conformity determinations. Section 93.123(c) provides additional information regarding certain PM
emissions for hot-spot analyses. See also EPA’s March 2006 final rule preamble (71 FR 12496-8).
18
See the July 1, 2004 final conformity rule (69 FR 40004).
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including hot-spot analyses.19 See Section 6 for further information regarding how to
estimate re-entrained road dust for PM10 hot-spot analyses.
2.5.5

PM emissions from construction-related activities

Emissions from construction-related activities are not required to be included in PM hotspot analyses if such emissions are considered temporary as defined in 40 CFR
93.123(c)(5) (i.e., emissions which occur only during the construction phase and last five
years or less at any individual site). Construction emissions would include any direct PM
emissions from construction-related dust and exhaust emissions from construction
vehicles and equipment.
For most projects, construction emissions would not be included in PM2.5 or PM10 hotspot analyses (because, in most cases, the construction phase is less than five years at any
one site).20 However, there may be limited cases where a large project is constructed
over a longer time period, and non-temporary construction emissions must be included
when an analysis year is chosen during project construction. See Section 6 for further
information regarding how to estimate transportation-related construction emissions for
PM hot-spot analyses, if necessary.

2.6

NAAQS CONSIDERED IN PM HOT-SPOT ANALYSES

The CAA and transportation conformity regulations require that conformity be met for all
transportation-related NAAQS for which an area has been designated nonattainment or
maintenance. Therefore, a project-level conformity determination must address all
applicable NAAQS for a given pollutant.21
Accordingly, results from a quantitative hot-spot analysis will need to be compared to all
relevant PM2.5 and PM10 NAAQS in effect for the area undertaking the analysis. For
example, in an area designated nonattainment or maintenance for only the annual PM2.5
NAAQS or only the 24-hour PM2.5 NAAQS, the hot-spot analysis would have to address
only that respective PM2.5 NAAQS. If an area is designated nonattainment or
maintenance for the annual and 24-hour PM2.5 NAAQS, the hot-spot analysis would have
to address both NAAQS for conformity purposes.

2.7

BACKGROUND CONCENTRATIONS

As required by 40 CFR 93.123(c)(1) and discussed in Section 2.2, a PM hot-spot analysis
“must be based on the total emissions burden which may result from the implementation
of the project, summed together with future background concentrations….” By
19

See the March 2006 final rule (71 FR 12496-98).
EPA’s rationale for limiting the consideration of construction emissions to five years can be found in its
January 11, 1993 proposed rule (58 FR 3780).
21
See EPA’s March 2006 final rule (71 FR 12468-12511).
20
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definition, background concentrations do not include emissions from the project itself.
Background concentrations include the emission impacts of all sources that affect
concentrations in the project area other than the project. Section 8 provides further
information on how background concentrations can be determined.

2.8

APPROPRIATE TIME FRAME AND ANALYSIS YEARS

Section 93.116(a) of the conformity rule requires that PM hot-spot analyses consider
either the full time frame of an area's transportation plan or, in an isolated rural
nonattainment or maintenance area, the 20-year regional emissions analysis.22
Conformity requirements are met if the analysis demonstrates that no new or worsened
violations occur in the year(s) of highest expected emissions – which includes the
project’s emissions in addition to background concentrations.23 Areas should analyze the
year(s) within the transportation plan or regional emissions analysis, as appropriate,
during which:
 Peak emissions from the project are expected; and
 A new NAAQS violation or worsening of an existing violation would most likely
occur due to the cumulative impacts of the project and background concentrations
in the project area.
If such a demonstration occurs, then no adverse impacts would be expected to occur in
any other years within the time frame of the transportation plan or regional emissions
analysis.24
The following factors (among others) should be considered when selecting the year(s) of
peak emissions:
 Changes in vehicle fleets;
 Changes in traffic volumes, speeds, and vehicle miles traveled (VMT); and
 Expected trends in background concentrations, including any nearby sources that
are affected by the project.
In some cases, selecting only one analysis year, such as the last year of the transportation
plan or the year of project completion, may not be sufficient to satisfy conformity
requirements. For example, if a project is being developed in two stages and the entire
two-stage project is being approved, two analysis years should be modeled: one to
examine the impacts of the first stage of the project and another to examine the impacts

22

Although CAA section 176(c)(7) and 40 CFR 93.106(d) allow the election of changes to the time
horizons for transportation plan and TIP conformity determinations, these changes to do not affect the time
frame and analysis requirements for hot-spot analyses.
23
If such a demonstration can be made, then EPA believes it is reasonable to assume that no adverse
impacts would occur in any other years within the time frame of the transportation plan or regional
emissions analysis.
24
See EPA’s July 1, 2004 final conformity rule (69 FR 40056-40058).
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of the completed project.25 Selecting appropriate analysis year(s) should be considered
through the process established by each area’s interagency consultation procedures (40
CFR 93.105(c)(1)(i)).

2.9

AGENCY ROLES AND RESPONSIBILITIES

The typical roles and responsibilities of agencies implementing the PM hot-spot analysis
requirements are described below. Further details are provided throughout later sections
of this guidance.
2.9.1

Project sponsor

The project sponsor is typically the agency responsible for implementing the project (e.g.,
a state department of transportation, regional or local transit operator, or local
government). The project sponsor is the lead agency for developing the PM hot-spot
analysis, meeting interagency consultation and public participation requirements, and
documenting the final hot-spot analysis in the project-level conformity determination.
2.9.2

DOT

DOT is responsible for making project-level conformity determinations. PM hot-spot
analyses and conformity determinations would generally be included in documents
prepared to meet NEPA requirements. It is possible for DOT to make a project-level
conformity determination outside of the NEPA process (for example, if conformity
requirements apply after NEPA has been completed, but additional federal action on the
project is required). DOT is also an active member of the interagency consultation
process for conformity determinations.
2.9.3

EPA

EPA is responsible for promulgating transportation conformity regulations and provides
policy and technical assistance to federal, state, and local conformity implementers. EPA
is an active member of the interagency consultation process for conformity
determinations. In addition, EPA reviews submitted SIPs, and provides policy and
technical support for emissions modeling, air quality modeling, monitoring, and other
issues.
2.9.4

State and local transportation and air agencies

State and local transportation and air quality agencies are part of the interagency
consultation process and assist in modeling of transportation activities, emissions, and air
quality. These agencies are likely to provide data required to perform a PM hot-spot
analysis, although the conformity rule does not specifically define the involvement of
25

See EPA’s July 1, 2004 final rule (69 FR 40057).
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these agencies in project-level conformity determinations. For example, the state or local
air quality agency operates the air quality monitoring network, processes meteorological
data, and uses air quality models for air quality planning purposes (such as SIP
development and modeling applications for other purposes). MPOs often conduct
emissions modeling, maintain regional population forecasts, and estimate future traffic
conditions relevant for project planning. The interagency consultation process can be
used to discuss the role of the state or local air agency, the MPO, and other agencies in
project-level conformity determinations, if such roles are not already defined in an area’s
conformity SIP.
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Section 3: Overview of a Quantitative PM Hot-Spot Analysis
3.1

INTRODUCTION

This section provides a general overview of the process for conducting a quantitative PM
hot-spot analysis. All individual elements or steps presented here are covered in more
depth and with more technical information throughout the remainder of the guidance.
The general steps required to complete a quantitative PM hot-spot analysis are depicted
in Exhibit 3-1 (following page) and summarized in this section.
As previously noted in Section 2.3, the interagency consultation process is an essential
part of developing PM hot-spot analyses. As a number of fundamental aspects of the
analysis need to be determined through consultation, it is recommended that these
discussions take place as early and as often as necessary for the analysis to be completed
on schedule. In addition, early consultation allows potential data sources for the analysis
to be more easily identified.

3.2

DETERMINE NEED FOR A PM HOT-SPOT ANALYSIS (STEP 1)

The conformity rule requires a PM hot-spot analysis only for projects of local air quality
concern. See Section 2.2 regarding how to determine if a project is of local air quality
concern according to the conformity rule.

3.3

DETERMINE APPROACH, MODELS, AND DATA (STEP 2)

3.3.1

General

There are several decisions that need to be made before beginning a PM hot-spot
analysis, including determining the:
 Geographic area to be covered by the analysis (the “project area”) and emission
sources to be modeled;
 General approach and analysis year(s) for emissions and air quality modeling;
 Applicable PM NAAQS to be evaluated;
 Type of PM emissions to be modeled for different sources;
 Emissions and air quality models and methods to be used;
 Project-specific data to be used; and
 Schedule for conducting the analysis and points of consultation.
Further details on these decisions are provided below. Evaluating and choosing models
and associated methods and assumptions must be completed through the process
established by each area’s interagency consultation procedures (40 CFR 93.105(c)(1)(i)).
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Exhibit 3-1. Overview of a PM Quantitative Hot-spot Analysis

19

3.3.2

Determining the geographic area and emission sources to be covered by the
analysis

The geographic area to be covered by a PM hot-spot analysis (the “project area”) is to be
determined on a case-by-case basis.26 PM hot-spot analyses must examine the air quality
impacts for the relevant PM NAAQS in the area substantially affected by the project (40
CFR 93.123(c)(1)). To meet this and other conformity requirements, it is necessary to
define the project, determine where it is to be located, and ascertain what other emission
sources are located in the project area.27 In addition to emissions from the proposed
highway or transit project,28 there may be nearby sources of emissions that need to be
estimated and included in air quality modeling (e.g., a freight rail terminal that is affected
by the project). There also may be other sources in the project area that are determined to
be insignificant to project emissions (e.g., a service drive or small employee parking lot).
See Sections 4 through 6 for how to estimate emissions from the proposed project, and
Sections 6 through 8 for when and how to include nearby source emissions and other
background concentrations.
Hot-spot analyses must include the entire project (40 CFR 93.123(c)(2)). However, it
may be appropriate in some cases to focus the PM hot-spot analysis only on the locations
of highest air quality concentrations. For large projects, it may be necessary to analyze
multiple locations that are expected to have the highest air quality concentrations and,
consequently, the most likely new or worsened PM NAAQS violations. If conformity is
demonstrated at such locations, then it can be assumed that conformity is met in the entire
project area. For example, if a highway project involves several lane miles with similar
travel activity (and no nearby sources that need to be modeled), the scope of the PM hotspot analysis could involve only the point(s) of highest expected PM concentrations. If
conformity requirements are met at such locations, then it can be assumed that
conformity is met throughout the project area. Such an approach would be preferable to
modeling the entire length of the highway project, which would involve additional time
and resources.
Questions regarding the scope of a given PM hot-spot analysis can be determined through
the interagency consultation process.
3.3.3

Deciding the general analysis approach and analysis year(s)

As stated in Section 2.4, there are several approaches for completing a build/no-build
analysis for a given project. For example, a project sponsor may want to start by
completing the build scenario first to see if a new or worsened PM NAAQS violation is
26

Given the variety of potential projects that may require a PM hot-spot analysis, it is not possible to
provide one definition or set of parameters that can be used in all cases to determine the area covered by the
PM hot-spot analysis.
27
See more in the March 24, 2010 final conformity rule entitled “Transportation Conformity Rule PM 2.5
and PM10 amendments,” 75 FR 14281; found online at: www.epa.gov/otaq/stateresources/transconf/conf
regs.htm.
28
40 CFR 93.101 defines “highway project” and “transit project” for transportation conformity purposes.
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predicted (if not, then modeling the no-build scenario would be unnecessary). In
contrast, a project sponsor could start with the no-build scenario first if a future PM
NAAQS violation is anticipated in both the build and no-build scenarios (even after
mitigation or control measures are considered).
It is also necessary to select one or more analysis years within the time frame of the
transportation plan or regional emissions analysis when emissions from the project, any
nearby sources, and background are expected to be highest. See Section 2.8 for more
information on selecting analysis year(s).
3.3.4

Determining the PM NAAQS to be evaluated

As stated in Section 2.6, PM hot-spot analyses need to be evaluated only for the NAAQS
for which an area has been designated nonattainment or maintenance. In addition, there
are aspects of modeling that can be affected by whether a NAAQS is an annual or a 24
hour PM NAAQS. It is also important to conduct modeling for those parts of an analysis
year where PM concentrations are expected to be highest. For example, a hot-spot
analysis for the annual PM2.5 NAAQS would involve data and modeling throughout a
given analysis year (i.e., all four quarters of the analysis year).29
A hot-spot analysis for the 24-hour PM2.5 or PM10 NAAQS would also involve data and
modeling throughout an analysis year, except when future NAAQS violations and peak
emissions in the project area are expected to occur in only one quarter of the future
analysis year(s). In such cases, a project sponsor could choose to complete emissions and
air quality modeling for only that quarter, as determined through the interagency
consultation process. For example, if an area’s SIP demonstration is based on only one
quarter for a 24-hour PM NAAQS, it may be appropriate to make the same assumption
for hot-spot analyses for that NAAQS. This could be the case in a PM10 nonattainment or
maintenance area that has PM10 NAAQS violations only during the first quarter of the
year (January-March), when PM emissions from other sources, such as wood smoke, are
highest. In such an area, if the highest emissions from the project area are also expected
to occur in this same quarter, then the project sponsor could complete the PM hot-spot
analysis for only that quarter. EPA notes, however, that it may be difficult to determine
whether 24-hour PM2.5 NAAQS violations will occur in only one quarter. State and local
air quality agencies should be consulted regarding when it may be appropriate for a PM
hot-spot analysis for a 24-hour PM NAAQS to cover only one quarter in an analysis year.
These agencies are responsible for monitoring air quality violations and for developing
SIP attainment demonstrations.

29

Calendar quarters in this guidance are defined in the following manner: Q1 (January-March), Q2 (AprilJune), Q3 (July-September), and Q4 (October-December). These quarters are also used by EPA and state
and local agencies to calculate design values for air quality monitoring purposes and for SIP development.
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3.3.5

Deciding on the type of PM emissions to be modeled

See Section 2.5 for further information on what types of directly emitted PM must be
included in hot-spot analyses and Sections 4 through 6 and Section 8 on when and how to
quantify PM emissions.
3.3.6

Determining the models and methods to be used

The emissions and air quality models and methods used in PM hot-spot analyses must be
evaluated and chosen through the process established by each area’s interagency
consultation procedures (40 CFR 93.105(c)(1)(i)). The latest approved emissions
models must be used in PM hot-spot analyses (40 CFR 93.111). See Sections 3.4 through
3.6 and the subsequent sections of the guidance they refer to for specific information
about models and methods that apply.
Note: It is important to select an air quality model to be used in the PM hot-spot analysis
early in the process, since this information is necessary to prepare emissions model
outputs for air quality modeling purposes. See Section 7 for further information on when
AERMOD and CAL3QHCR are recommended air quality models for PM hot-spot
analyses.
3.3.7

Obtaining project-specific data

The conformity rule requires that the latest planning assumptions available at the time
that the analysis begins be used in conformity determinations (40 CFR 93.110). In
addition, the regulation states that hot-spot analysis assumptions must be consistent with
those assumptions used in the regional emissions analysis for any inputs that are required
for both analyses (40 CFR 93.123(c)(3)).
The project sponsor should use project-specific data for both emissions and air quality
modeling whenever possible, though default inputs may be appropriate in some cases.
The use of project-specific versus default data is discussed further in this guidance.
The following are examples of data needed to run MOVES or EMFAC, as described in
Sections 4 and 5:
 Traffic data sufficient to characterize each link in the project area;
 Starts per hour and number of vehicles idling during each hour for off-network
links/sources;
 Vehicle types and age distribution expected in the project area; and
 Temperature and humidity data for each month and hour included in the analysis.
Depending on the air quality model to be used, the following are examples of data that
will likely be needed, as described in Sections 7 through 9:
 Surface meteorological data from monitors that measure the atmosphere near the
ground;
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Upper air data describing the vertical temperature profile of the atmosphere;
Land use data describing surface characteristics near the surface meteorological
monitors;
Nearby population data; and
Information necessary for determining locations of air quality modeling receptors.

To complete the PM hot-spot analysis, areas will also need data on background
concentrations in the project area from nearby or other emission sources, as described in
Section 8.

3.4

ESTIMATE ON-ROAD MOTOR VEHICLE EMISSIONS (STEP 3)

There are two approved motor vehicle emissions models available for estimating the
project’s exhaust, brake wear, and tire wear emissions. See Section 4 for more on
estimating these PM emissions with EPA’s MOVES model. Section 5 describes how to
apply EMFAC for estimating these emissions for projects in California.

3.5

ESTIMATE EMISSIONS FROM ROAD DUST, CONSTRUCTION, AND
ADDITIONAL SOURCES (STEP 4)

Section 2.5 provides more information about when re-entrained road dust and/or
construction emissions are included in PM hot-spot analyses. Section 6 describes
methods for estimating these emissions.
There may be other sources of emissions that also need to be estimated, and included in
air quality modeling. Section 8 provides further information regarding how to account
for these emissions in a PM hot-spot analysis and Appendix I describes how to estimate
locomotive emissions.

3.6

SELECT AN AIR QUALITY MODEL, DATA INPUTS AND RECEPTORS
(STEP 5)

An air quality model estimates PM concentrations at specific points in the project area
known as “receptors.” Emissions that result from the project (including those from
vehicles, dust, and construction from Steps 3 and 4) as well as any other nearby emission
sources that are affected by the project (e.g., expanded locomotive emissions at a freight
terminal) are included in the selected air quality model, which predicts how emissions are
dispersed based on meteorological and other input data.
There are two air quality models—AERMOD and CAL3QHCR— recommended for use
in PM hot-spot analyses, depending on the project involved. Basic information about
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these models, including how to select an appropriate model for a particular project and
the data needed to run them, is found in Section 7 and Appendix J.

3.7

DETERMINE BACKGROUND CONCENTRATIONS FROM NEARBY AND
OTHER SOURCES (STEP 6)

The PM hot-spot analysis must also account for background PM concentrations in the
project area. Section 8 provides further information on selecting representative
background concentrations, including when to incorporate nearby sources into air quality
modeling.

3.8

CALCULATE DESIGN VALUES AND DETERMINE CONFORMITY (STEP 7)

In general, the PM concentrations estimated from air quality modeling (from Step 5) are
then combined with background concentrations (from Step 6) at the receptor locations for
both the build and no-build scenarios. The resulting statistic is referred to as a design
value; how it is calculated depends on the form of the NAAQS. If the design value in the
build scenario is less than or equal to the relevant PM NAAQS at appropriate receptors,
then the project meets conformity requirements. In the case where the design value is
greater than the NAAQS in the build scenario, a project could still meet conformity
requirements if the design values in the build scenario were less than or equal to the
design values in the no-build scenario at appropriate receptors. See Sections 2.4 and 9
for further details on build/no-build approaches and implementation.

3.9

CONSIDER MITIGATION OR CONTROL MEASURES (STEP 8)

Where a project does not meet conformity requirements, a project sponsor may consider
mitigation or control measures to reduce emissions in the project area. If such measures
are considered, additional modeling will need to be completed and new design values
calculated to ensure that conformity requirements are met. A project sponsor could
decide to add mitigation or control measures at any time in the process; such measures
must include written commitments for implementation (40 CFR 93.125). See Section 10
for more information on possible measures for consideration.
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3.10 DOCUMENT THE PM HOT-SPOT ANALYSIS (STEP 9)
The PM hot-spot analysis should include sufficient documentation to support the
conclusion that a proposed project meets conformity rule requirements per 40 CFR
93.116 and 93.123. This documentation should include, at a minimum:
 A description of the proposed project, including where the project is located, the
project’s scope (e.g., adding an interchange, widening a highway, expanding a
major bus terminal), when the project is expected to be open to traffic, travel
activity projected for the analysis year(s), and what part of 40 CFR 93.123(b)(1)
applies;30
 A description of the analysis year(s) examined and the factors considered in
determining the year(s) of peak emissions;
 Emissions modeling, including the emissions model used (e.g., MOVES),
modeling inputs and results, and how the project was characterized in terms of
links;
 Modeling inputs and results for estimating re-entrained road dust, construction
emissions, and any nearby source emissions (if applicable to a particular PM hotspot analysis);
 Air quality modeling data, including the air quality model used, modeling inputs
and results, and description of the receptors employed in the analysis;
 A description of the assumptions used to determine background concentrations;
 A discussion of any mitigation or control measures that will be implemented, the
methods and assumptions used to quantify their expected effects, and associated
written commitments;
 A description of how the interagency consultation and public participation
requirements in 40 CFR 93.105 were met; and
 A conclusion for how the proposed project meets 40 CFR 93.116 and 93.123
conformity requirements for the PM2.5 and/or PM10 NAAQS.
Documentation should describe the sources of data used in preparing emissions and air
quality modeling inputs. This documentation should also describe any critical
assumptions that have the potential to affect predicted concentrations. Documentation of
PM hot-spot analyses would be included in the project-level conformity determination.

30

This information could reference the appropriate sections of any NEPA document prepared for the
project.
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Section 4: Estimating Project-Level PM Emissions Using
MOVES
4.1

INTRODUCTION

This section of the guidance describes how to use MOVES to estimate PM exhaust, brake
wear, and tire wear emissions for PM hot-spot analyses outside of California.31 This
section focuses on determining the appropriate project-level inputs and how MOVES
should be run to provide the necessary information to complete air quality modeling.32
MOVES is a computer model designed by EPA to estimate emissions from cars, trucks,
buses and motorcycles. MOVES replaces MOBILE6.2, EPA’s previous emissions
model.33 MOVES is based on an extensive review of in-use vehicle data collected and
analyzed since the release of MOBILE6.2. MOVES estimates PM emissions to account
for speed and temperature variations and models emissions at a high resolution. As a
result, MOVES allows users to incorporate a much wider array of vehicle activity data
for each roadway link, as well as start and extended idle activity in transit or other
terminal projects.
Exhibit 4-1 (following page) shows the necessary steps for applying the MOVES model
for project-level PM hot-spot analyses.
This section presumes users already have a basic understanding of how to run the
MOVES model.34 MOVES includes a default database of meteorology, fleet, activity,
fuel, and control program data for the entire United States. The data included in this
database come from a variety of sources which are not necessarily the most accurate or
up-to-date information available at the local level for a particular project. This section
describes when the use of that default database is appropriate for PM hot-spot analysis, as
well as when available local data must be used (40 CFR 93.110 and 93.123(c)).

31

This guidance is applicable to current and future versions of the MOVES model, unless EPA notes
otherwise when approving the model for conformity purposes.
32
Technical guidance on using MOVES for regional emissions inventories can be found in “Technical
Guidance on the Use of MOVES2010 for Emission Inventory Preparation in State Implementation Plans
and Transportation Conformity,” EPA-420-B-10-023 (April 2010); available online at:
www.epa.gov/otaq/stateresources/transconf/policy.htm.
33
EPA stated in the preamble to the March 2006 final rule that finalizing the MOVES emissions model was
critical before quantitative PM hot-spot analyses are required, due to the limitations of applying
MOBILE6.2 for PM at the project level. See EPA’s March 2006 final rule for further information (71 FR
12498-12502).
34
The MOVES model, user guide, and supporting documentation are available online at:
www.epa.gov/otaq/models/moves/index.htm.
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Exhibit 4-1. Steps for Using MOVES in a Quantitative PM Hot-spot Analysis

Note: The steps in this exhibit and in the accompanying text describe how to use MOVES at the
project-level for a PM hot-spot analysis.
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As discussed in Section 2.4, it is suggested that project sponsors conduct emissions and
air quality modeling for the project build scenario first. If the resulting design value does
not exceed the NAAQS, then the project meets the hot-spot analysis requirements of
project-level conformity, and it is not necessary to model the no-build scenario.
Following this approach will allow users to avoid unnecessary emissions and air quality
modeling.
Finally, Section 4 describes how to use MOVES to estimate emissions from a highway or
transit project that requires a PM hot-spot analysis (“the project”); this section could also
be used to estimate emissions for any other highway and transit facilities in the project
area, when necessary.

4.2

CHARACTERIZING A PROJECT IN TERMS OF LINKS

Prior to entering data into MOVES, the first step is to identify the project type and the
associated emission processes (running, start, brake wear, tire wear, extended idle, and
crankcase) to be modeled. This guidance distinguishes between two types of
transportation projects: (1) highway and intersection projects, and (2) transit or other
terminal projects:
 For highway and intersection projects, running exhaust, crankcase, brake wear,
and tire wear emissions are the main focus.
 For transit and other terminal projects, start, crankcase, and extended idle
emissions are typically needed; in some cases, these projects will also need to
address cruise, approach and departure running exhaust emissions on affected
links.
The goal of defining a project’s links is to accurately capture emissions where they occur.
Within MOVES, a link represents a segment of road or an “off-network” location where
a certain type of vehicle activity occurs.35 Generally, the links specified for a project
should include segments with similar traffic/activity conditions and characteristics (e.g.,
decelerating vehicles approaching an intersection should be treated as one link). From
the link-specific activity and other inputs, MOVES calculates emissions from every link
of a project for a given time period (or run). In MOVES, running emissions, including
periods of idling at traffic signals, are defined in the Links Importer (see Section 4.5.6),
while starts and extended periods of idling (e.g., truck idling at a freight terminal) are
defined in the Off-Network Importer (see Section 4.5.9). There are no limits to the
number of links that can be defined in MOVES.

35

“Off-network” in the context of MOVES refers to an area of activity not occurring on a roadway.
Examples of off-network links include parking lots and freight or bus terminals.
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4.2.1

Highway and intersection projects

General
A PM hot-spot analysis fundamentally depends on the availability of accurate data on
roadway link speed and traffic volumes for build and no-build scenarios.36 Thus, local
traffic data should be used to characterize each link sufficiently. It is recommended that
the user divide a project into separate links to allow sufficient resolution at different
vehicle traffic and activity patterns; characterizing this variability in emissions within the
project area will assist in air quality modeling (see Section 7).
In MOVES, activity on free-flow highway links can be defined by an average speed, link
drive schedule, or operating mode (“Op-Mode”) distribution (discussed in Section 4.5.7).
For analyses with MOVES, average speed and traffic volume, at a minimum, is needed
for each link. If no other information is available, MOVES uses default assumptions of
vehicle activity patterns (called drive cycles) for average speed and type of roadway to
estimate emissions. Default drive cycles use different combinations of vehicle activity
(acceleration, deceleration, cruise, and/or idle) depending on the speed and road type.
For example, if the link average speed is 30 mph and it is an urban arterial (urban
unrestricted road type), MOVES uses a default drive cycle that includes a high proportion
of acceleration, deceleration, and idle activity as would be expected on an urban arterial
with frequent stops. If the average speed is 60 mph and it is a rural freeway (rural
restricted road type), MOVES uses a default drive cycle that assumes a higher proportion
of cruise activity, smaller proportions of acceleration and deceleration activity, and little
or no idle activity.
Project sponsors should determine average congested speeds by using appropriate
methods based on best practices used for highway analysis. 37 Some resources are
available through FHWA’s Travel Model Improvement Program (TMIP).38
Methodologies for computing intersection control delay are provided in the Highway
Capacity Manual 2000.39
As described further in Section 4.5.7, users should take advantage of the full capabilities
of MOVES for estimating emissions on different highway and intersection project links.
36

Project sponsors should document available traffic data sets, their sources, key assumptions, and the
methods used to develop build and no-build scenario inputs for MOVES. Documentation should include
differences between how build and no-build traffic projections are obtained. For projects of local air
quality concern, differences in traffic volumes and other activity changes between the build and no-build
scenarios must be accounted for in the data that is used in the PM hot-spot analysis.
37
As discussed in Section 7, the use of the CAL3QHCR queuing algorithm for intersection idle queues is
not recommended. Rather, idling vehicles should be represented in combination with decelerating,
accelerating, and free-flow traffic on an approach segment of an intersection.
38
See FHWA’s TMIP website: http://tmip.fhwa.dot.gov/.
39
Users should consult the most recent version of the Highway Capacity Manual. As of the release of this
guidance, the latest version is the Highway Capacity Manual 2000, which can be obtained from the
Transportation Research Board (see http://144.171.11.107/Main/Public/Blurbs/152169.aspx for details).
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Although average speeds and travel volumes are typically available for most
transportation projects and may need to be relied upon during the transition to using
MOVES, users can develop and use more precise data through the MOVES Operating
Mode Distribution Importer or Link Drive Schedule Importer, as described further below.
When more detailed data are available to describe the pattern of changes in vehicle
activity (proportion of time in acceleration, deceleration, cruise, or idle activity) over a
length of road, MOVES is capable of calculating these specific emission impacts. EPA
encourages users to consider these options for highway and intersection projects,
especially as MOVES is implemented further into the future, or for more advanced
MOVES applications.
Free-flow Highway Links
The links defined in MOVES should capture the expected physical layout of a project and
representative variations in vehicle activity. A simple example would be a single, one
directional, four-lane highway that could be characterized as just one link. More
sophisticated analyses may break up traffic flow on that single link into multiple links of
varying operating modes or drive cycles that may have different emission factors
depending on the relative acceleration, cruise, or deceleration activity on each segment of
that link. In general, the definition of a link will depend on how much the type of vehicle
activity (acceleration, deceleration, cruise or idle) changes over a length of roadway, the
level of detail of available data, and the modeling approach used with MOVES. For a
highway lane where vehicle behavior is fairly constant, the length of the link could be
longer and the use of detailed activity data will have a smaller impact on results.
Intersection Links
If the project analysis involves intersections, the intersections need to be treated
separately from the free-flow links that connect to those intersections. Although road
segments between intersections may experience free-flow traffic operations, the
approaches and departures from the intersections will likely involve acceleration,
deceleration, and idling activity not present on the free-flow link. For intersection
modeling, the definition of link length will depend on the geometry of the intersection,
how that geometry affects vehicle activity, and the level of detail of available activity
information. Guidance for defining intersection links is given in Appendix D, but the
definition of links used for a particular project will depend of the specific details of that
project and the amount of available activity information.40
Note: For both free-flow highway and intersection links, users may directly enter output
from traffic simulation models in the form of second-by-second individual vehicle
trajectories. These vehicle trajectories for each road segment can be input into MOVES
using the Link Drive Schedule Importer and defined as unique LinkIDs. There are no
limits in MOVES as to how many links can be defined; however, model run times
40

As discussed in Section 7, the use of the CAL3QHCR queuing algorithm for intersection idle queues is
not recommended. Rather, idling vehicles should be represented in combination with decelerating,
accelerating, and free-flow traffic on an approach segment of an intersection.
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increase as the user defines more links. More information on using vehicle trajectories
from traffic micro-simulation models is found in Appendix D.
4.2.2

Transit and other terminal projects

For off-network sources such as a bus terminal or intermodal freight terminal, the user
should have information on starts per hour and number of vehicles idling during each
hour. This activity will likely vary from hour to hour. Additionally, if there are vehicles
starting, it is necessary to provide an estimate of the duration that vehicles are parked
before starting (soak-time distribution). It is recommended that the user divide such a
project into separate links to appropriately characterize variability in emission density
within the project area (as discussed in Section 7). In this case, each “link” describes an
area with a certain number of vehicle starts per hour, or a certain number of vehicles
idling during each hour.
Some transit and other terminal projects may have significant running emissions similar
to free-flow highway projects (such as buses and trucks coming to and from an
intermodal terminal). These emissions can be calculated by defining one or more unique
running links as described in Section 4.2.1 and Appendix D (that is, in addition to any
other roadway links associated with the project). These running link emissions can then
be aggregated with the emissions from starts and idling from non-running activity on the
transit or other terminal link outside of the MOVES model to generate the necessary air
quality model inputs.
Long duration idling (classified in MOVES as OpModeID 200) can only be modeled in
MOVES for long-haul combination trucks. Idling for other vehicles and shorter periods
of idling for long-haul combination trucks should be modeled as a project link with an
operating mode distribution that consists only of idle operation (OpMode 1). This can be
specified in the Links table by inputting the vehicle population and specifying an average
speed of “0” mph.
Note: The user may choose to exclude sources such as a separate service drive, separate
small employee parking lot, or other minor sources that are determined to be
insignificant to project emissions.

4.3

DETERMINING THE NUMBER OF MOVES RUNS

4.3.1

General

When MOVES is run at the project scale, it estimates emissions for only the hour
specified by the user. Before running MOVES to calculate emission factors, users should
first determine the number of unique scenarios that can sufficiently describe activity
variation in a project. In most projects, traffic volume, average speed, idling, fleet mix,
and the corresponding emission factors will likely vary from hour to hour, day to day,
and month to month. However, it is unlikely that data are readily available that capture
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such finite changes. Project sponsors may have activity data collected at a range of
possible temporal resolutions. The conformity rule requires the use of the latest planning
assumptions or data available at the time the conformity analysis begins (40 CFR
93.110).41 Depending on the sophistication of the activity data analysis for a given
project, these data may range from a daily average-hour and peak-hour value to hourly
estimates for all days of the year. EPA encourages the development of sufficient travel
activity data to capture the expected ranges of traffic conditions for the build and no-build
scenarios.
The number of MOVES runs should be based on the best available activity data and the
PM NAAQS involved. One of the advantages to using MOVES is that, for the first time,
PM emission estimates are sensitive to temperature changes through a day and across a
year. Therefore, EPA is recommending the minimum number of MOVES runs that is
necessary for PM hot-spot analysis to capture changes in emission rates due to changes in
ambient conditions.42 Exhibit 4-2 includes EPA’s recommendations for PM hot-spot
analyses:
Exhibit 4-2. Typical Number of MOVES Runs for an Analysis Year
Applicable NAAQS

Build Scenario

No-build Scenario43

Annual PM2.5 NAAQS only

16

16

24-hour PM2.5 NAAQS only

16 (4 in certain cases)

16 (4 in certain cases)

24-hour PM10 NAAQS only

16 (4 in certain cases)

16 (4 in certain cases)

Annual and 24-hour PM
NAAQS44

16

16

Hot-spot analyses for the annual PM2.5 NAAQS should include 16 unique MOVES runs
(i.e., four runs for different time periods for each of four calendar quarters). For a typical
build/no-build analysis, a total of 32 runs would be needed (16 for the build scenario and
16 for the no-build scenario). Hot-spot analyses for only the 24-hour PM2.5 or PM10
NAAQS should also be completed with 16 MOVES runs for each scenario, except in
cases where potential PM NAAQS violations are expected to occur in only one quarter of
the calendar year. In such cases, the user may choose to model only that quarter with

41

See “EPA and DOT Joint Guidance for the Use of Latest Planning Assumptions in Transportation
Conformity Determinations,” EPA-420-B-08-901 (December 2008) for a more detailed discussion of the
latest planning assumptions requirements:
www.epa.gov/otaq/stateresources/transconf/policy/420b08901.pdf.
42
Information on PM emission rate sensitivity to temperature inputs is available in “Draft MOVES2009
Highway Vehicle Temperature, Humidity, Air Conditioning, and Inspection and Maintenance
Adjustments” at: www.epa.gov/otaq/models/moves/techdocs/420p09003.pdf.
43
There are some cases where the no-build scenario and associated emissions and air quality modeling is
not necessary. See Section 2.4 for further information.
44
Such a situation would include cases where a project is located in a nonattainment/maintenance area for
both the annual PM2.5 NAAQS and either a 24-hour PM2.5 NAAQS or the 24-hour PM10 NAAQS.
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four MOVES runs for each scenario. See Section 3.3 for more information on when
using fewer MOVES runs is appropriate for the 24-hour PM NAAQS.
The product of the MOVES analysis is a year’s (or quarter’s) worth of hour-specific
emission factors for each project link that will be applied to the appropriate air quality
model (discussed in Section 7) and compared to the relevant PM NAAQS (discussed in
Section 9). The following subsections provide further information for determining
MOVES runs for all PM NAAQS, based on the level of available travel activity data.
4.3.2

Projects with typical travel activity data

Traffic forecasts for highway and intersection projects are often completed for annual
average daily traffic volumes, with an allocation factor for a daily peak-hour volume.
This data can be used to conduct an analysis with MOVES that is representative for all
hours of the year. To complete 16 MOVES runs as outlined above, the user should run
MOVES for four months: January, April, July, and October; and four weekday time
periods: morning peak (AM), midday (MD), evening peak (PM), and overnight (ON).45
The AM and PM peak periods should be run with peak-hour traffic activity; MD and ON
periods should be run with average-hour activity. The most reasonable methods in
accordance with good practice should be used to obtain the peak hour allocation factors
and diurnal distribution of traffic; these methods must be determined in accordance with
interagency consultation procedures (40 CFR 93.105(c)(1)(i)).
The results for each of the four hours can then be extrapolated to cover the entire day.
For example, the peak-hour volume can be used to represent activity conditions over a
three-hour morning (AM) and three-hour evening (PM) period. The remaining 18 hours
of the day can be represented by the average-hour volume. These 18 hours would be
divided into a midday (MD) and overnight (ON) scenario.
The following is one suggested approach for an analysis employing the averagehour/peak-hour traffic scenario:
 Morning peak (AM) emissions based on traffic data and meteorology occurring
between 6 a.m. and 9 a.m.;
 Midday (MD) emissions based on data from 9 a.m. to 4 p.m.;
 Evening peak (PM) emissions based on data from 4 p.m. to 7 p.m.; and
 Overnight (ON) emissions based on data from 7 p.m. to 6 a.m.
If there are local or project-specific data to suggest that the AM or PM peak traffic
periods will occur in different hours than the default values suggested here, or over a
longer or shorter period of time, that information should be documented and the hours
representing each time period adjusted accordingly. Additionally, users should determine
peak periods for the build and no-build scenarios independently and not assume that each
scenario is identical.
45

If only four MOVES runs are required for a PM hot-spot analysis for a 24-hour PM NAAQS, four runs
would be done for the same weekday time periods, except only for one quarter (i.e., January, April, July, or
October) for each build or no-build scenario.
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The emission factors for each month’s runs should be used for the other months within
the quarter. The months suggested for the minimum number of MOVES runs correspond
to the first month of each quarter. For instance, January emissions should be assumed to
represent February and March emissions, April should be used to represent May and June
emissions, and so forth.46
4.3.3

Projects with additional travel activity data

Some project sponsors may have developed traffic or other activity data to show
variations in volume and speed across hours, days, or months. Additionally, if users are
modeling a transit or other terminal project, traffic volumes, starts, and idling estimates
are likely to be readily available for each hour of the day. Under either of these
circumstances, users have the option of applying the methodology described above (using
average-hour and peak-hour as representative for all hours of the year) if it is determined
through the interagency consultation process that using the additional data would not
significantly impact the emissions modeling results. Alternatively, additional MOVES
runs could be generated to produce unique emission factors using these additional activity
data and emission factors for each period of time for which specific activity data are
available.

4.4

DEVELOPING BASIC RUN SPECIFICATION INPUTS

Once the user has defined the project conceptually in terms of links and determined the
number of MOVES runs, the next step in using MOVES for project-level analyses is to
develop a run specification (“RunSpec”). The RunSpec is a computer file in XML
format that can be edited and executed directly or with the MOVES Graphical User
Interface (GUI). MOVES needs the user to set up a RunSpec to define the place and time
of the analysis as well as the vehicle types, road types, fuel types, and the emissionproducing processes and pollutants that will be included in the analysis.
The headings in this subsection describe each set of input options needed to create the
RunSpec as defined in the Navigation panel of the MOVES GUI. In order to create a
project-level RunSpec, the user would go down the Navigation panel filling in the
appropriate data for each of the items listed. A new panel will open for each item:
 Description
 Scale
 Time Spans
 Geographic Bounds
 Vehicles/Equipment
 Road Type
 Pollutants and Processes
 Manage Input Data Sets
46

Rather than use the middle month of the first quarter (February), January is used because it is typically
the coldest month of the year and therefore has the highest PM emission rates.
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Strategies
Output
Advanced Performance Features

Additional information on each panel can be found in the MOVES User Guide available
on EPA’s website (www.epa.gov/otaq/models/moves/index.htm). The appropriate
sections of the user guide are referenced when describing the RunSpec creation process
below.
4.4.1 Description
(MOVES User Guide Section 2.2.1)
The Description panel allows the user to enter a description of the RunSpec using up to
5,000 characters of text. Entering a complete description of the RunSpec is important for
users to keep track of their MOVES runs as well as to provide supporting documentation
for the regulatory submission. Users may want to identify the project, the time period
being analyzed, and the purpose of the analysis in this field.
4.4.2 Scale
(MOVES User Guide Section 2.2.2)
The Scale panel in MOVES allows the user to select different scales or domains for the
MOVES analysis. All MOVES runs for project-level analysis must be done using the
“Project” domain in the Scale panel. Selecting the “Project” domain is necessary to
allow MOVES to accept detailed activity input at the link level.47
Users can select either “Inventory” or “Emission Rates” as output, depending on the air
quality model being used:
 When using AERMOD, a grams/hour emission factor is needed. Users should
select “Inventory,” which produces results for total emissions on each link; this is
equivalent to a grams/hour/link emission factor.
 When using CAL3QHCR, the “Emission Rates” option should be selected to
produce link specific grams/vehicle-mile emission factors.
This guidance explains the steps of post-processing both “Inventory” and “Emission
Rates” results to produce the desired emission factors in Section 4.6.

47

Running MOVES using the “County” or “National” domains would not allow for detailed link-level
input or output that is needed for PM hot-spot analyses.

35

4.4.3 Time Spans
(MOVES User Guide Section 2.2.3)
The Time Spans panel is used to define the specific time period covered in the MOVES
run. The Time Spans panel allows the user to select the time aggregation level and the
year, month, day, and hour included in the run.
For the project domain, the MOVES model processes one hour, of one day, of one
month, of one year for each run; that is, each MOVES run represents one specific hour.
The user should enter the desired time period in the MOVES Time Span panel for
estimating PM2.5 and/or PM10 emissions for the relevant NAAQS in a given
nonattainment or maintenance area. Time aggregation should be set to “hour,” which
indicates no pre-aggregation. The “day” selection should be set to “weekday” or
“weekend,” but not both. Most users will be defining activity for a typical weekday. The
year, month, and hour should be set to specifically describe each MOVES run. For
instance, one run might be: 2015, January, 8:00 to 8:59 a.m. (the start and end hours both
set to 8:00 to 8:59 a.m.). The user may choose to build a batch file to automate the
process of running multiple scenarios.48
4.4.4 Geographic Bounds
(MOVES User Guide Section 2.2.4)
The Geographic Bounds panel allows the user to define the specific county that will be
modeled. The MOVES database includes county codes and descriptive information for
all 3,222 counties in the United States. Specifying a county in MOVES determines
certain default information for the analysis. Users should select the specific county
where the project is located. Only a single county (or single custom domain) can be
included in a MOVES run at the project level. If a project spans multiple counties, users
have three options:
1. If the fuel supply and age distribution of vehicles in the fleet are the same for all
of the counties, select the county in which the majority of the project area is
located;
2. If not, separate the project into multiple parts (each of which is in a separate
county) and do a separate MOVES run for each part; or
3. Use the custom domain option to model one unique area that represents all the
project counties.
4.4.5 Vehicles/Equipment
(MOVES User Guide Section 2.2.5)
The Vehicles/Equipment panel is used to specify the vehicle types that are included in the
MOVES run. MOVES allows the user to select from among 13 “source use types” (the
terminology that MOVES uses to describe vehicle types) and several different fuels.
48

For more information about using batch commands, see Appendix C of the MOVES User Guide,
available online at: www.epa.gov/oms/models/moves/index.htm.
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Some fuel/source type combinations do not exist (e.g., diesel motorcycles) and therefore
are not included in the MOVES database. PM hot-spot analyses must include all vehicle
types that are expected to operate in the project area. Users should select the appropriate
fuel and vehicle type combinations in the On Road Vehicle Equipment panel to reflect
the full range of vehicles that will operate in the project area. The fuel type “Placeholder
Fuel Type” should not be selected as it can cause errors.
4.4.6 Road Type
(MOVES User Guide Section 2.2.6)
The Road Type panel is used to define the types of roads that are included in the project.
MOVES defines five different road types:
 Rural Restricted Access – a rural highway that can be accessed only by an onramp;
 Rural Unrestricted Access – all other rural roads (arterials, connectors, and local
streets);
 Urban Restricted Access – an urban highway that can be accessed only by an onramp;
 Urban Unrestricted Access – all other urban roads (arterials, connectors, and local
streets); and
 Off-Network – any location where the predominant activity is vehicle starts and
idling (parking lots, truck stops, rest areas, freight or bus terminals).
MOVES uses these road types to determine the default drive cycle on a particular link.
For example, MOVES uses drive cycles for unrestricted access road types that assume
stop-and-go driving, including multiple accelerations, decelerations, and short periods of
idling. For restricted access road types, MOVES uses drive cycles that include a higher
fraction of cruise activity with much less time spent accelerating or idling.
For project-level analyses, the extent upon which MOVES uses these default drive cycles
will depend on how much additional information the user can supply for the link. The
process of choosing default or local drive cycles is described in Sections 4.2 and 4.5.7.
However, even if the user will be supplying detailed, link-specific drive cycle
information or an Op-Mode distribution, road type is a necessary input in the RunSpec
and users should select one or more of the five road types that correspond to the road
types of the links that will be included in the project area. The determination of rural or
urban road types should be based on the Highway Performance Monitoring System
(HPMS) functional classification of the road type.
Additionally, any project that includes a significant number of engine starts or significant
amounts of extended idling for heavy-duty vehicles needs to include the “Off-Network”
road type to account for emissions from those activities properly. More details on
describing inputs for engine start and idling activity are given in Section 4.5.9.
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4.4.7 Pollutants and Processes
(MOVES User Guide Section 2.2.7)
The Pollutant and Processes panel is used to select both the types of pollutants and the
emission processes that produce them. For PM2.5 or PM10 emissions, MOVES calculates
emissions for several pollutant species:
 Organic Carbon (OC)
 Elemental Carbon (EC)
 Sulfate Particulate
 Brake Wear Particulate
 Tire Wear Particulate
In addition, MOVES divides emissions by pollutant process. For a PM hot-spot analysis,
the categories are:
 Running Exhaust
 Start Exhaust
 Extended Idle Exhaust
 Crankcase Running Exhaust
 Crankcase Start Exhaust
 Crankcase Extended Idle Exhaust
 Brake Wear
 Tire Wear
For a PM2.5 hot-spot analysis, the user should select “Primary Exhaust PM2.5 - Total” (or
“Primary Exhaust PM10 - Total” if it is a PM10 hot-spot analysis), which is an aggregate
of each of the pollutant species (OC, EC, and sulfate) for each process. For MOVES to
run, the user would select each individual PM species (i.e., “Primary PM2.5 - Organic
Carbon,” “Primary PM2.5 - Elemental Carbon,” “Primary PM2.5 - Sulfate Particulate,” or
the PM10 equivalents). In addition, if the analysis has road links with running emissions,
users would also select “Primary PM2.5 - Brake Wear Particulate” and “Primary PM2.5 
Tire Wear Particulate” (or their PM10 equivalents) as brake wear and tire wear are not
included in the exhaust totals.
MOVES does not automatically sum the appropriate processes to create an aggregate
emission factor, although EPA is considering creating one or more MOVES scripts that
would automate the summing of aggregate emissions when completing project-level
analyses.49 Therefore, the user should calculate total PM from the MOVES output table
results for each link using the formulas described below:
For highway links (roads, intersections, ramps, etc.) where output was specified as a
grams/vehicle-mile emission factor (“Emission Rates” output), the aggregate total PM

49

These scripts would be made available for download on the MOVES website
(www.epa.gov/otaq/models/moves/tools.htm), when available.
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emission factor (i.e., the sum of all PM emission factors for a link) needs to be calculated
using the formula:
PMaggregate total = (PMtotal running) + (PMtotal crankcase running) + (brake wear) + (tire wear)
For transit and other terminal project activity (starts and extended idle) where output was
selected as grams/hour (“Inventory” output), the aggregate total PM emission factor (i.e.,
the sum of all PM emission factors for a link) needs to be calculated using the formula:
PMaggregate total = (PMtotal starts) + (PMtotal crankcase starts) + (PMtotal ext. idle) +
(PMtotal crankcase ext. idle)
For transit and other terminal project links that contain starts and extended idling as well
as running emissions, and output was selected as “Inventory” output (grams/hour/link),
the aggregate total PM emission factor for each link needs to be calculated using the
formula:
PMaggregate total = (PMtotal running) + (PMtotal crankcase running) + (PMtotal starts) +
(PMtotal crankcase starts) + (PMtotal ext. idle) + (PMtotal crankcase ext. idle) +
(brake wear) + (tire wear)
4.4.8 Manage Input Data Sets
(MOVES User Guide Section 2.2.8)
Most analyses will not use the Manage Input Data Sets panel. One possible application is
to specify user-supplied databases to be read by the model during execution of a run.
However, for project-level analysis in MOVES, the Project Data Manager (described
below) serves this same function while providing for the creation of data table templates
and for the review of default data. EPA specifically developed the Project Data Manager
for project analyses and recommends using it, instead of the Manage Input Databases
panel, to create and specify user supplied database tables.
4.4.9 Strategies
(MOVES User Guide Section 2.2.9)
In MOVES, the Strategies panel can be used to model alternative control strategies that
affect the composition of the vehicle fleet. The MOVES model has two alternative
control strategies built into the Strategies panel:
 The Alternative Vehicle Fuels and Technologies (AVFT) strategy allows users to
modify the fraction of alternative fuel vehicles in each model year.
 The On-Road Retrofit strategy allows the user to enter information about diesel
trucks and buses that have been retrofitted with emission control equipment.
A common use of the AVFT panel would be to change the diesel fractions of the fleet.
Users can modify the default assumptions about diesel, gasoline, and CNG use for each
source type and model year. If local information is available on these fractions, the
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AVFT should be used to modify the defaults. For instance, users modeling a transit
facility may use the AVFT to specify that the entire fleet of buses uses CNG, or entirely
diesel, rather than a default mix of both fuel types.
Another application of the Strategies panel would be to apply a retrofit program to the
fleet. For example, a bus terminal project might include plans to mitigate emissions by
retrofitting the bus fleet that will operate at that terminal with control equipment that
reduces PM emissions. In that case, the user would specify the details of the retrofit
project using the On-Road Retrofit Strategy panel. The latest guidance on retrofit
programs can be located at the EPA’s conformity website:
www.epa.gov/otaq/stateresources/transconf/policy.htm. Strategies that affect vehicle
activity, such as implementing a truck idle reduction plan, should be handled in the OffNetwork Importer and Links Importer.
See Section 10 for further information regarding the inclusion of mitigation and/or
control measures in PM hot-spot analyses.
4.4.10 Output
(MOVES User Guide Section 2.2.10)
Selecting Output in the Navigation panel provides access to two additional panels:
General Output and Output Emissions Detail. Each of these allows the user to specify
aspects of the output data.
Under General Output, users should make sure to choose “grams” and “miles” for the
output units in order to provide results for air quality modeling. Also, “Distance
Traveled” and “Population” should be selected under the “Activity” heading to obtain
vehicle volume information for each link in the output.
Output Emissions Detail is used to specify the level of detail desired in the output data.
Emissions by hour and link are the default selections and cannot be changed. Road type
will also be checked if output by Emission Rates was selected. EPA recommends that
users check the box labeled “Emission Process.” No other boxes should be selected in
order to produce fleet aggregate emission factors for each link.50 Emission rates for each
process can be appropriately summed to calculate aggregate PM emission factors for each
link (as described in Section 4.4.7).
4.4.11 Advanced Performance Features
(MOVES User Guide Section 2.2.11)
Most analyses will not use the Advanced Performance Features panel. This menu item is
used to invoke features of MOVES that improve run time for complex model runs by
50
Users may choose to select output by Source Type if using AERMOD to model a volume source. It may
be appropriate to characterize a volume source with an initial vertical dimension and source release height
that is the emission-weighted average of light-duty and heavy-duty vehicles. See Section J.3.3 of the
Appendix for more information on characterizing volume sources.
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saving and reusing intermediate results. For specific applications, the user may want to
“save data” for deriving the intermediate MOVES calculation of an Op-Mode
Distribution from an average speed or link drive schedule. This is discussed further in
the MOVES User Guide, as well as demonstrated in the quantitative PM hot-spot analysis
example of a transit project in Appendix F.

4.5

ENTERING PROJECT DETAILS USING THE PROJECT DATA MANAGER

After completion of all the necessary panels to create the RunSpec, the user would then
create the appropriate input database tables that describe the project in detail. As
described in Section 4.3, a typical PM hot-spot analysis will involve 32 MOVES runs (16
runs for each build and no-build scenario), each run needing individual sets of input
database tables to be created. This is done using the Project Data Manager, which can be
accessed from the Pre-Processing menu item at the top of the MOVES GUI or by
selecting Enter/Edit Data in the Domain Input Database section of the Geographic
Bounds panel.
Since modeling a project involves many MOVES runs, good data management practices
are essential to prevent confusion and errors. For example, the name of the project input
database for each run should reflect the purpose of that run (e.g.,
“NoBuildSpringAMPeak_in”). A similar naming protocol should be used for the
RunSpec for each run. Also, each tab of the Project Data Manager includes a box for
entering a “Description of Imported Data.” Modelers should make liberal use of these
descriptions to (1) indicate whether default or local data were used, and (2) indicate the
source and date of any local data, along with the filename of imported spreadsheets.
These descriptions are preserved with the input database so reviewers (or future users of
the same runs) will have the documentation of inputs readily at hand.
The Project Data Manager includes multiple tabs to open importers used to enter projectspecific data. These importers are:
 Meteorology
 Age Distribution
 Fuel Supply
 Fuel Formulation
 Inspection and Maintenance
 Link Source Type
 Links
 Link Drive Schedule
 Operating Mode Distribution
 Off-Network
Each of the importers allows the user to create a template file with the necessary data
field names and some key fields populated. The user then edits this template to add
project-specific local data with a spreadsheet application or other tool and imports the
data files into MOVES. In some importers, there is also the option to export default data
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from the MOVES database in order to review and then use it. Once the user determines
that the default data are accurate and applicable to the particular project, or determines
that the default data need to be changed and makes those changes, the user can then
import that data into MOVES. Details of the mechanics of using the data importers are
provided in the MOVES User Guide. Guidance for the use of these importers in PM hotspot analyses is described below.
4.5.1 Meteorology
(MOVES User Guide Section 2.3.3.4.1)
The Meteorology Data Importer is used to import temperature and humidity data for the
month and hour that are defined in the MOVES run specification. Although temperature
and humidity data can be entered for all hours, only the one hour selected in the run
specification will be used for PM hot-spot analyses. Meteorology inputs for MOVES
should be the same for build and no-build scenarios.
Users should enter data specific to the project’s location and time period modeled, as PM
emissions are found to vary significantly depending on temperature. The accuracy of
emission estimates at the project level improves when meteorological data specific to the
modeled location is included. Default temperature and humidity values are available in
MOVES, but are not recommended for use in a PM hot-spot analysis.
Temperatures must be consistent with those used for the project’s county in the regional
emissions analysis (40 CFR 93.123(c)(3)) as well as the air quality modeling inputs used
in the hot-spot analysis. Meteorological data may be obtained either from the National
Weather Service (NWS) or as part of a site-specific measurement program. Local
universities, the Federal Aviation Administration (FAA), military stations, and state and
local air agencies may also be sources of such data. The National Oceanic and
Atmospheric Administration’s National Climatic Data Center (NCDC; online at
www.ncdc.noaa.gov/oa/ncdc.html) is the world’s largest active archive of weather data
through which years of archived data can be obtained. A data source should be selected
that is representative of local meteorological conditions. Meteorological site selection is
discussed further in Section 7.5.
As discussed in Section 4.3, MOVES will typically be run for multiple time periods and
specific meteorology data that accurately represents these runs is needed to produce
emission estimates for comparison with both the 24-hour and annual PM NAAQS. The
user should employ a minimum of four hours (corresponding to AM peak traffic/PM
peak traffic/MD traffic/ON traffic), for one day (weekday), for January, April, July, and
October. Within each period of day in each quarter, temperatures should be used that
represent the average temperature within that time period. For example, for January AM
peak periods corresponding to 6 a.m. to 9 a.m., the average January temperature based on
the meteorological record for those hours should be used in estimating the average
January AM peak period temperature for MOVES runs. The user may choose to run
additional hours and temperatures beyond the number of traffic periods for which data
exist. For example, within an 11-hour overnight (ON) modeling period, temperature data
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could be used to differentiate hours with significantly different temperatures, despite
having assumed identical traffic estimates. Humidity estimates should be based on the
same hours and data source as the temperature estimates. See Section 4.3 for further
information on the number of MOVES runs recommended for different project analyses.
4.5.2 Age Distribution
(MOVES User Guide Section 2.3.3.4.3)
The Age Distribution Importer is used to enter data that provides the distribution of
vehicle fractions by age for each calendar year (yearID) and vehicle type
(sourceTypeID). These data are needed for running MOVES at the project level. The
distribution of ageID (the variable for age) fractions must sum to one for each vehicle
type. These inputs should generally be the same for build and no-build scenarios, unless
something about the project would change them (e.g., a bus terminal project that includes
the purchase of new buses in the build scenario).
To build a MOVES-compatible age distribution table, there are three possible options.
1. If available, users should use the latest state or local age distribution assumptions
from their SIP or transportation conformity regional emissions analysis. For the
initial transition from MOBILE6.2 to MOVES, EPA has provided a registration
distribution converter.51 The tool allows users to input a MOBILE6.2 registration
distribution table (10, 10, 5 format) and obtain a MOVES age distribution table.
Over time, users should develop age distribution data consistent with MOVES.
Some users may have local registration distribution tables for all vehicle classes.
However, there may be cases where the user has registration distributions only for
one or more vehicle classes (e.g., LDVs) and therefore relies on MOBILE6.2
defaults for the remaining vehicle classes. In these cases, the user may use
MOVES default distributions available on the EPA’s website.
2. If the project is designed to serve a fleet that operates only locally, such as a
drayage yard or bus terminal, the user should provide project-specific fleet age
distribution data. For most captive fleets, an exact age distribution should be
readily available or obtainable. The data should be in a format compatible with
MOVES. This format includes age fractions in 30-year bins rather than the 25
used in MOBILE6.2. Additionally, vehicle categories need to be in terms of the
13 MOVES source types.
3. If no state or local age distribution is available, the MOVES default age
distribution should be used. This can be obtained from the tables available on the
EPA website: www.epa.gov/otaq/models/moves/tools.htm. The user can select
the analysis year(s) and find the corresponding age distribution. These fractions
are national defaults and could be significantly different than the local project age
distribution. Age distribution can have a considerable impact on emission
51

This convertor can be found online at: www.epa.gov/otaq/models/moves/tools.htm.
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estimates, so the default data should be used only if an alternative state or local
dataset cannot be obtained.
4.5.3 Fuel Supply and Fuel Formulation
(MOVES User Guide Section 2.3.3.4.8 and 2.3.3.4.9)
The user needs to define in MOVES what fuel(s) and fuel mix will be used in the project
area. The Fuel Supply Importer and Fuel Formulation Importer are used to enter the
necessary information describing fuel mix and fuel type for each MOVES run. These
inputs should generally be the same for build and no-build scenarios, unless something
about the project would change them (e.g., a project that includes alternate fuel vehicles
and infrastructure in the build scenario).
Users should review the default fuel formulation and fuel supply data in MOVES and
make changes only if local volumetric fuel property information is available. Otherwise,
EPA recommends that the MOVES default fuel supply and formulation information be
used. The lone exception to this is in the case of Reid Vapor Pressure (RVP), where a
user should change the value to reflect the differences between ethanol and non-ethanol
blended gasoline.
For additional guidance on defining fuel supply and formulation information, consult the
EPA document “Technical Guidance on the Use of MOVES2010 for Emission Inventory
Preparation in State Implementation Plans and Transportation Conformity” available
online at: www.epa.gov/otaq/stateresources/transconf/policy.htm.
4.5.4 Inspection and Maintenance (I/M)
(MOVES User Guide Section 2.3.3.4.10)
MOVES does not provide a PM emission benefit from an I/M program. If the user
includes an I/M program in the run specification, the selection will have no impact on PM
emissions.
4.5.5 Link Source Type
(MOVES User Guide Section 2.3.3.4.13)
The Link Source Type Importer allows the user to enter the fraction of the link traffic
volume that is represented by each vehicle type (source type). It is not needed if the
project contains only a transit or other terminal (off-network) link. For each LinkID, the
“SourceTypeHourFractions” must sum to one across all source types.
Additionally, the user needs to ensure that the source types selected in the MOVES
Vehicles/Equipment panel match the source types defined through the Link Source Type
Importer.
There are no defaults that can be exported from the Link Source Type Importer. For any
analysis at the project level, the user needs to provide source type fractions for all
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vehicles being modeled and for each MOVES run (as vehicle mixes may change from
hour to hour and month to month). There are two options available to populate the Link
Source Type input:
1. For projects that will have an entirely different source type distribution than that
of the regional fleet, the preferred option is for the user to collect project-specific
data. For projects such as bus or freight terminals or maintenance facilities that
contain links that are primarily used by a specific subset of the regional fleet,
users need to develop the fractions of link traffic volume by vehicle type data
specific to the project. This could be based on analysis of similar existing
projects through the interagency consultation process.
2. If the project traffic data suggests that the source type distribution for the project
can be represented by the distribution of the regional fleet for a given road type,
the user can provide a source type distribution consistent with the road type used
in the latest regional emissions analysis. For example, highways tend to have a
higher fraction of truck traffic than arterial roads. Therefore, the highway source
type distribution used in the regional emissions analysis may be appropriate to use
for a highway project.
4.5.6 Links
(MOVES User Guide Section 2.3.3.4.12)
The Links Importer is used to define the individual roadway links. All links being
modeled should have unique IDs. The Links Importer requires information on each
link’s length (in miles), traffic volume (units of vehicles per hour), average speed (miles
per hour), and road grade (percent). Users should follow guidance given above in
Section 4.2 when determining the number of links and the length of specific links.
Consult Section 7 for information on how these links should be formatted for use in air
quality modeling.
4.5.7 Describing Vehicle Activity
(MOVES User Guide Section 2.3.3.4.14 through Section 2.3.3.4.16)
MOVES determines vehicle emissions based on operating modes, which represent
different types of vehicle activity such as acceleration (at different rates), deceleration,
idle, and cruise that have distinct emission rates. MOVES handles these data in the form
of a distribution of the time vehicles spend in different operating modes. This capability
is central to the use of MOVES for PM hot-spot analyses because it allows for the
analysis of fine distinctions between vehicle behavior and emissions before and after
construction of the project. For example, the full emission benefits of a project designed
to smooth traffic flow can best be realized by taking into account the changes in
acceleration, deceleration, and idle activity that result from the project. There are several
methods that users may employ to calculate an Op-Mode distribution based on the project
design and available traffic information. MOVES currently offers three options that the
user can employ to add link activity data, depending on data availability. These are:
45

1. Provide average speed and road type through the Links input:
Using this approach, MOVES will calculate emissions based on a default drive
cycle for a given speed, grade, and road type. Input of link drive schedules or
operating mode distributions is not needed. For users modeling a free-flow link
with only basic information on average speed and volume on a link, this option
may be appropriate. This approach accounts for some differences in emissions
due to changes in operating modes associated with different average speeds on a
specific road type. However, this approach provides the least resolution when
analyzing the emission impact of a project because the default drive cycles used
by the model may not accurately reflect the specific project. For instance, due to
the range of operating modes associated with intersection projects, a single
average speed would not spatially capture localized idling and acceleration
emissions.
2. Provide a link drive schedule using the Link Drive Schedule Importer:
The Link Drive Schedule Importer allows the user to define the precise speed and
grade as a function of time (seconds) on a particular roadway link. The time
domain is entered in units of seconds, the speed variable is miles-per-hour and the
grade variable in percent grade (vertical distance/lateral distance, 100% grade
equals a 45-degree slope). MOVES builds an Operating Mode Distribution from
the Link Drive Schedule and uses it to calculate link running emissions.
Individual Link Drive Schedules cannot be entered for separate source types. The
Link Drive Schedule therefore represents the “tracer” path of an average vehicle
on each link. Link drive schedules could be based on observations using methods
such as chase (floating) cars on similar types of links, or on expected vehicle
activity based on an analysis of link geometry. Link drive schedules will only
represent average vehicle activity, not the full range of activity that will occur on
the link. As described in Section 4.2 and Appendix D, users can overcome this
limitation by defining multiple links for the same portion of the project (links that
“overlap”) with separate source distributions and drive schedules to model
individual vehicle types.
3. Provide a detailed operating mode distribution for the link:
The Operating Mode Distribution Importer allows the user to directly import
operating mode fraction data for source types, hour/day combinations, roadway
links, and pollutant/process combinations that are included in the run
specification. Operating mode distributions may be obtained from:
 Op-Mode distribution data from other locations with similar geometric
and operational (traffic) characteristics;52 or
 Output from traffic microsimulation models.53
52

For example, chase (or floating) cars, traffic cameras, and radar guns have been used previously to
collect some traffic data for use in intelligent transportation systems and other applications. EPA
encourages the development of validated methods for collecting verifiable vehicle operating mode
distribution data at specific locations representative of different projects covered by this guidance.
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4.5.8

Deciding on an approach for activity

Users should consider the discussion in Section 4.2 when deciding on the appropriate
activity input. The MOVES model is capable of using complex activity datasets with
high levels of resolution to calculate link-level emissions. EPA encourages the
development of validated methods for collecting verifiable vehicle Op-Mode distribution
data at locations and in traffic conditions representative of different projects covered by
this guidance. However, the user should determine the most robust activity dataset that
can be reasonably collected while still achieving the goal of determining an accurate
assessment of the PM air quality impacts from a given project. The decision to populate
the Links table, Link Drive Schedule, or Op-Mode Distribution should be based on the
data available to the user and should reflect the vehicle activity and behavior on each
link.
Note: If either the average speed or link-drive schedule approach is used, it is not
necessary to input an Op-Mode distribution for on-road link activity.
4.5.9 Off-Network
(MOVES User Guide Section 2.3.3.4.16)
The Off-Network Importer is where the user can provide information about vehicles not
driving on the project links, but still contributing to the project’s emissions. Currently,
only one off-network link may be described per run. If more than one off-network link is
associated with the project, another set of 16 MOVES runs would be needed to
characterize each additional off-network location for each build or no-build scenario.
The Off-Network Importer should be used if the project includes an area where highway
vehicles are parked, starting their engines, or in extended idling mode (such as at a truck
stop, parking lot, or passenger or freight intermodal terminal). All such areas within the
project area should be modeled, regardless of whether they are part of the project.
There are no default values available for any of the off-network inputs, so users will need
to populate the Off-Network table with information describing vehicle activity in the offnetwork area being modeled. The necessary fields are vehicle population, start fraction,
and extended idle fraction:
 The vehicle population reflects the total number of vehicles parked, starting, or
idling on the off-network area over the course of the hour covered by the MOVES
run.
 The start fraction is the fraction of the total vehicle population that starts during
the hour.
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A traffic microsimulation model can be used to construct link drive schedules or operating mode
distributions if prior validation of the model’s predictions of speed and acceleration patterns for roadway
links similar to those in the project was conducted. If a user has a microsimulation model that has been
previously demonstrated to adequately predict speed/acceleration patterns for relevant vehicle classes (e.g.,
heavy-duty), and has a procedure for importing data into MOVES, it may be appropriate to use the
microsimulation model, subject to interagency consultation.
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The extended idle fraction specifies the fraction of time that the vehicle
population spends in extended idle operation in the hour.54

Extended idle operation applies only to long-haul combination trucks and is defined as
the operation of the truck's propulsion engine when not engaged in gear for a period
greater than 15 consecutive minutes, except when associated with routine stoppages due
to traffic movement or congestion.55 As discussed in Section 4.2.2, shorter periods of
idling for long-haul combination trucks and all idling for other vehicles should be
modeled as a project link with an Op-Mode distribution that consists only of idle
operation (Op-Mode 1). This can be specified in the Links table by inputting the vehicle
population and specifying an average speed of “0” mph.
For vehicle population inputs, the user should be able to rely on existing project
documentation. The user will also need to estimate the number of starts and idle
operation of the facility for other inputs, which will depend on the project involved. For
example, in a bus terminal project, the user could estimate the number of starts and idling
based on expected passenger ridership and proposed operating schedules for the buses
using the terminal. Most buses would be expected to first start early in the morning, prior
to the morning peak period. The buses might operate all day, with little or no start
activity during the midday hours. Idle operation is likely a function of the volume of
buses accessing the terminal each hour and the duration that those buses idle prior to
leaving the terminal. Conversely, an employee parking lot would have little or no idle
activity and may have the opposite trend in start activity. Typically, employees arrive
during the morning peak period and leave during the evening peak period. In this case,
most starts would occur during the evening peak period.
Information on start and idle activity should be specific to the project being modeled.
However, data from similar projects could be adapted for use in a quantitative PM hotspot analysis, when appropriate. For instance, the ratio of starts to vehicles and the
distribution of starts throughout the day for a project being analyzed could be determined
by studying a similar parking lot.
If an off-network link is defined, users need to also define an Op-Mode distribution that
describes the soak-time distribution of vehicles on the link; this will affect the start
emissions. Additionally, any extended idle operation on an off-network link needs to be
described by the Op-Mode distribution with a fraction of 1.0 for Op-Mode 200 (Extended
Idle Mode). Since there is only one possible extended idle mode in MOVES, this
fraction should always be 1.0.
The soak time is the time a vehicle is stationary with the engine turned off, following the
last time it was operated. There are no default soak-time distributions available. Soak
times and soak-time distributions should be specific to the type of project being modeled.
54

Parked fraction is not required as an input and can be left blank.
See “Guidance for Quantifying and Using Long Duration Truck Idling Emission Reductions in State
Implementation Plans and Transportation Conformity”; available online at
www.epa.gov/smartway/documents/420b04001.pdf.
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This information could either be directly collected or obtained from information collected
for a similar project. For instance, a park-and-ride lot may have vehicles parked for eight
or nine hours prior to starting, while an intermodal freight terminal may have vehicles
parked for only one hour before starting. This information should be defined through the
appropriate distribution of soak-time Op-Modes (OpModes 101-108) in the Op-Mode
Distribution table.
The methods and assumptions used to derive off-network inputs (including starts, idle
activity, and soak-time distributions) should be documented as part of the analysis,
including any adjustments based on data from similar projects.

4.6

GENERATING EMISSION FACTORS FOR USE IN AIR QUALITY
MODELING

The MOVES model provides results as either an emission total (if “Inventory” output is
selected) or an emission factor (if “Emission Rates” output is selected). The emission
results are produced for each pollutant and process and are calculated in terms of grams
per link or grams/vehicle-mile per link. Using the equations in Section 4.4.7, the user
will need to sum the appropriate pollutants and processes to derive a link total
grams/vehicle-mile or grams/hour emission factor. These totals will be needed as inputs
into the appropriate air quality model. Instructions on running AERMOD and
CAL3QHCR for quantitative PM hot-spot analyses are in Section 7 and Appendix J.
Note: If MOVES is being run in batch-mode, or if multiple runs are being saved to the
same output database, the user should make sure to separate link emissions in the result
database by “MOVESRunID” or “monthID, dayID, hourID.” Aggregating separate
runs will result in incorrect emission rates.
4.6.1

Highway and intersection links

For links characterized as “highway” or “running” segments of a project, a
grams/vehicle-mile emission rate is needed for CAL3QHCR; if AERMOD is being used,
a grams/hour emission factor for each roadway link is needed:
 CAL3QHCR uses grams/vehicle-mile emission factors and calculates air quality
estimates based on the volume of traffic and length of a given link. All of the
information necessary to generate the necessary inputs is available in the MOVES
MySQL output database. After running MOVES for a particular hour/day/month
scenario, emission results can be located in the user defined MOVES output
database in the table “rateperdistance.” All links defined in the Project Level
Importer will have results in the column “rateperdistance.” The units should have
been defined as grams and miles in the MOVES RunSpec (see Section 4.4.10).
As shown in the equations in Section 4.4.7, all relevant pollutants and processes
should be summed together to get a single “rateperdistance” value. This value
can then be paired with link volume and link length for use in CAL3QHCR for
each link.
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4.6.2

AERMOD uses a grams/hour emission factor for each hour of the day (which
should be mapped based on the time periods analyzed with MOVES, as described
in Section 4.3). If “Inventory” is selected in the Scale panel, MOVES will
produce output in terms of grams/hour/link. The user should then calculate
aggregate PM grams/hour emission factors by summing the appropriate pollutants
and processes as described in Section 4.4.7. Since AERMOD processes emission
factors in terms of grams/hour (or second), no further calculation is necessary.
Section 7 and Appendix J discuss input formats for different AERMOD source
configurations.
Transit and other terminal links

For transit and other terminal projects, or a combination of highway and transit or other
terminal components, AERMOD is recommended (see Section 7). AERMOD uses a
grams/hour emission factor for each hour of the day (which should be mapped based on
the time periods analyzed with MOVES as described in Section 4.3). If “Inventory” is
selected in the Scale panel, MOVES will produce output in terms of grams/hour/link.
The user should then calculate aggregate PM grams/hour emission factors by summing
the appropriate pollutants and processes as described in Section 4.4.7. Since AERMOD
processes emission factors in terms of grams/hour (or second), no further calculation is
necessary. Section 7 and Appendix J discuss input formats for different AERMOD
source configurations.
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Section 5: Estimating Project-Level PM Emissions Using
EMFAC2011 (in California)
5.1

INTRODUCTION

This section of the guidance addresses the necessary steps to run EMFAC2011 to
estimate a project’s exhaust, brake wear, and tire wear emissions for PM hot-spot
analyses in California.56 The California Air Resources Board (CARB) maintains the
EMission FACtors (EMFAC) model, which is approved by EPA for developing on-road
motor vehicle emission inventories and conformity analyses in California. EMFAC
models on-road mobile source emissions under multiple temporal and spatial scales; it
produces composite emission factors for an average day of a month (January to
December), a season (summer and winter), or an annual average, for specific California
geographic areas by air basin, district, and county as well as the statewide level. EMFAC
can produce PM2.5 and PM10 emission rates for three exhaust emission processes
(running, starting, and idle), tire wear, and brake wear.
EMFAC2011 consists of three modules:
 EMFAC2011-LDV, which estimates passenger vehicle emissions;
 EMFAC2011-HD, which estimates emissions from diesel trucks and buses over
14,000 pounds; and
 EMFAC2011-SG, which integrates the output of EMFAC2011-LDV and
EMFAC2011-HD and provides users with the ability to conduct scenario
assessments for air quality and transportation planning.57
CARB has also made available, through its mobile emissions inventory web site,
EMFAC2011 databases which provide regional population, activity, emissions, and
emission rates at varying levels of detail. EPA approved EMFAC2011 for SIP and
transportation conformity purposes on March 6, 2013 (78 FR 14533). When the grace
period ends on September 6, 2013, EMFAC2011 will become the only approved motor
vehicle emissions model for all new regional emissions analyses and CO, PM10 and PM2.5
hot-spot analyses for transportation conformity determinations across California.
EPA also approved use of the EMFAC2011-PL tool for hot-spot analyses that involve a
“simplified approach.” EMFAC2011-PL extracts emissions factors for analyses of
projects that are consistent with the default assumptions in EMFAC2011. Section 5.5
describes how to use EMFAC2011-PL for projects covered by the simplified approach,
but some aspects of this guidance may be applicable when an alternate project-level tool
has been approved by EPA.58 Sections 5.6 through 5.9 describe how to apply
56

This guidance is applicable to EMFAC2011 and future versions of the EMFAC model, unless EPA notes
otherwise when approving the model for conformity purposes. This guidance updates the previous
EMFAC2007 guidance contained in the December 2010 version of this document (EPA-420-B-10-040).
57
The current version of EMFAC2011 model, database updates, and supporting documentation can be
downloaded from the CARB website at: www.arb.ca.gov/msei/modeling.htm
58
EPA noted in its March 2013 Federal Register notice that alternate project-level tools could be used if
EPA approves such tools as having similar performance (78 FR 14534).
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EMFAC2011 using the “detailed approach” for projects that have project-specific vehicle
age distributions and/or project-specific rest and soak time data (e.g., any project that
includes starts or idling). Sections 5.2 through 5.4 apply to all PM hot-spot analyses.
More details about applying the different approaches to PM hot-spot analyses are
included later in this section.
Many of the processes and procedures contained in this section are based on procedures
described in CARB’s project-level handbook for EMFAC201159 and follow the same
general organization, with additional detail and guidance for using EMFAC2011
specifically for quantitative PM hot-spot analyses, as appropriate. In addition, Appendix
G of this EPA guidance contains an example of using EMFAC2011 for a highway
project, and Appendix H contains an example of using EMFAC2011 for a transit project.
As discussed in Section 2.4, it is suggested that project sponsors conduct emissions and
air quality modeling for the project build scenario first. If the design values for the build
scenario are less than or equal to the relevant NAAQS, then the project meets the hot-spot
analysis requirements of project-level conformity and it is not necessary to model the nobuild scenario. Following this approach will allow users to avoid additional emissions
and air quality modeling. Please see Section 2.4 for additional information if the design
values for the build scenario are greater than the relevant NAAQS.
Finally, this section describes how to use EMFAC2011 to estimate emissions from a
highway and transit project that requires a PM hot-spot analysis (“the project”); this
section could also be used to estimate emissions for any other highway and transit
facilities in the project area, when necessary. The emission factors obtained from the
EMFAC2011 modules and databases can then be used in air quality modeling as
discussed in Section 7 of the guidance.
The general steps to using EMFAC2011 are illustrated in Exhibit 5-1. This section
presumes users already have a basic understanding of how to run EMFAC2011. Note
that there are some aspects of Section 5 that differ from the MOVES guidance discussed
in Section 4, due to the inherent differences between MOVES and EMFAC2011. For
example, using EMFAC2011 may require the use of multiple modules to obtain all the
emission factors for a project, whereas MOVES uses a single GUI. In addition,
EMFAC2011 produces emission rates for a range of average speeds only. In contrast,
MOVES calculates emission rates based on a distribution of operating modes, which
allows the option of more advanced methods of defining link-level activity.
As described in Section 2.3, decisions on how to use EMFAC2011 for a quantitative PM
hot-spot analysis should be considered through the process established by each area’s
interagency consultation procedures (40 CFR 93.105(c)(1)(i)). Any technical questions
about EMFAC2011 should be directed to CARB.
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EMFAC2011 “Handbook for Project-level Analyses” (CARB, January 2013), available online at:
www.arb.ca.gov/msei/emfac2011-pl-handbook-for-project-level-analyses-final-020713-2.pdf
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5.2

CHARACTERIZING A PROJECT IN TERMS OF LINKS

Prior to using EMFAC2011, users first need to identify the project type and the
associated emission processes (running, start, brake wear, tire wear, and idle exhaust) to
be modeled. This guidance distinguishes between two types of transportation projects:
(1) highway and intersection projects, and (2) transit or other terminal projects:
 For highway and intersection projects, running exhaust, brake wear, and tire wear
emissions are the main focus.
 For transit and other terminal projects, start and idle emissions are typically
needed, and in some cases these projects will also need to address cruise,
approach and departure running exhaust emissions on affected links.
The goal of defining a project’s links is to accurately capture emissions where they occur.
A link represents a segment of a highway or transit project characterized by a certain type
of vehicle activity. Generally, the links specified for a highway project should include
road segments with similar traffic conditions and characteristics. Links representing
transit or other terminal projects should similarly reflect variation in idle and start
activity, as well as other relevant cruise, approach and departure running exhaust
emissions.
5.2.1

Highway and intersection projects

A PM hot-spot analysis fundamentally depends on the availability of accurate data on
roadway link speed and traffic volumes for build and no-build scenarios.61 Thus, local
traffic data should be used to characterize each link sufficiently. It is recommended that
the user divide a project into separate links to allow sufficient resolution at different
vehicle traffic and activity patterns; characterizing this variability in emissions within the
project area will assist in air quality modeling (see Section 7).
For analyses with EMFAC2011, an average speed and traffic volume is needed for each
link.62 A simple example would be a single, one directional, four-lane highway that
could be characterized as one link with one average speed. If the project analysis
involves intersections, the intersections need to be treated separately from the free-flow
links that connect to those intersections. Although road segments between intersections
may experience free-flow traffic operations, the approaches and departures from the
intersections will involve acceleration, deceleration, and idling activity not present on the
free-flow link. For intersection modeling, the definition of link length will depend on the
61

Project sponsors should document available traffic data sets, their sources, key assumptions, and the
methods used to develop build and no-build scenario inputs for EMFAC. Documentation should include
differences between how build and no-build traffic projections are obtained. For projects of local air
quality concern, differences in traffic volumes and other activity changes between the build and no-build
scenarios must be accounted for in the data that is used in the PM hot-spot analysis.
62
Unlike MOVES, EMFAC2011 does not allow a user to account for more detailed data to describe the
pattern of changes in vehicle activity (proportion of time in acceleration, deceleration, cruise, and idle
activity) over the length of a road.
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geometry of the intersection, how that geometry affects vehicle activity, and the level of
detail of available activity information.
When using EMFAC2011, project sponsors can use average speeds for highway and
intersection links based on travel time and distance. Travel time should account for the
total delay attributable to traffic signal operation, including the portion of travel when the
light is green and the portion of travel when the light is red. The effect of a red signal
cycle on travel time includes deceleration delay, move-up time in a queue, stopped delay,
and acceleration delay. Each approach link would be modeled as one link to reflect the
higher emissions associated with vehicle idling through lower speeds affected by stopped
delay; each departure link would be modeled as another link to reflect the higher
emissions associated with vehicle acceleration through lower speeds affected by
acceleration delay.
Project sponsors should determine average congested speeds by using appropriate
methods based on best practices used for highway analysis. 63 Some resources are
available through FHWA’s Travel Model Improvement Program (TMIP).64
Methodologies for computing intersection control delay are provided in the Highway
Capacity Manual.65
5.2.2

Transit and other terminal projects

For transit and other terminal projects such as a bus terminal or intermodal freight
terminal, the user should have information on starts per hour and number of vehicles
idling during each hour. This activity will likely vary from hour to hour. It is
recommended that the user divide such a project into separate links to characterize
variability in emission density within the project area appropriately (as discussed in
Section 7). In this case, each “link” describes an area with a certain number of vehicle
starts per hour, or a certain number of vehicles idling during each hour.
Generally, users need to account for the number of vehicle starts and the amount of idle
activity (in hours). Grams/trip rates can be calculated for start exhaust emissions.
Additionally, grams/idle-hour (grams/hour) emission rates can be calculated for both
regular idle and extended idle exhaust emissions. Users need to have data on the number
of vehicle starts per hour and number of vehicles idling during each hour to get the total
project or project area emission factor.
In addition, some transit and other terminal projects may have significant running
emissions similar to free-flow highway projects (such as buses and trucks traveling to and
from an intermodal terminal). These emissions can be calculated by defining one or
63

As discussed in Section 7, the use of the CAL3QHCR queuing algorithm for intersection idle queues is
not recommended. Rather, idling vehicles should be represented in combination with decelerating,
accelerating, and free-flow traffic on an approach segment of an intersection.
64
See FHWA’s TMIP website: http://tmip.fhwa.dot.gov/.
65
Users should consult the most recent version of the Highway Capacity Manual. As of the release of this
guidance, the latest version is the Highway Capacity Manual 2010, which can be obtained from the
Transportation Research Board (see www.trb.org/main/blurbs/164718.aspx for details).
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more unique running links as described in Section 5.2.1 and Appendix G (that is, in
addition to any other roadway links associated with the project). These running link
emissions can then be aggregated with emissions from starts and idling from non-running
activity on the transit or other terminal link outside of the EMFAC2011 model to
generate the necessary air quality model inputs.
Note: The user may choose to exclude sources such as a separate service drive, separate
small employee parking lot, or other minor sources that are determined to be
insignificant to project emissions.

5.3

DETERMINING THE NUMBER OF EMFAC2011 RUNS

5.3.1

General

Before using EMFAC2011 to calculate emission factors, users should first determine the
number of unique scenarios that can sufficiently describe activity variation in a project.
In most projects, traffic volume, average speed, idling, fleet mix, and the corresponding
emission factors will likely vary from hour to hour, day to day, and month to month.
However, it is unlikely that data are readily available to capture such finite changes.
Project sponsors may have activity data collected at a range of possible temporal
resolutions. The conformity rule requires the use of latest planning assumptions or data
available at the time the conformity analysis begins (40 CFR 93.110).66 Depending on
the sophistication of the activity data analysis for a given project, these data may range
from a daily average-hour and peak-hour value to hourly estimates for all days of the
year. EPA encourages the development of sufficient travel activity data to capture the
expected ranges of traffic conditions for the build and no-build scenarios.
5.3.2

Projects with typical travel activity data

Traffic forecasts for highway and intersection projects are often completed for annual
average daily traffic volumes, with an allocation factor for a daily peak-hour volume.
This data can be used to conduct an analysis with EMFAC2011 that is representative for
all hours of the year. The most reasonable methods in accordance with good practice
should be used to obtain the peak-hour allocation factors and diurnal distribution of
traffic and the methods must be determined in accordance with interagency consultation
procedures (40 CFR 93.105(c)(1)(i)).
One option is to represent traffic over four time periods: morning peak (AM), midday
(MD), evening peak (PM), and overnight (ON). For example, the peak-hour volume can
be used to represent activity conditions over a three-hour morning (AM) and three-hour
evening period (PM). The remaining 18 hours of the day can be represented by the
average off-peak hourly volume (AADT minus the total volume assigned to the peak
66

See “EPA and DOT Joint Guidance for the Use of Latest Planning Assumptions in Transportation
Conformity Determinations,” EPA-420-B-08-901 (December 2008); available online at:
www.epa.gov/otaq/stateresources/transconf/policy/420b08901.pdf.
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period, divided by the number of off-peak hours). These 18 hours would be divided into
a midday (MD) and overnight (ON) scenario.
The following is one suggested approach for an analysis employing the averagehour/peak-hour traffic scenario:
 Morning peak (AM) emissions based on peak hour traffic data, applied to hours
between 6 a.m. and 9 a.m.;
 Midday (MD) emissions based on average off-peak hourly traffic data, applied to
hours from 9 a.m. to 4 p.m.;
 Evening peak (PM) emissions based on peak hour traffic data, applied to hours
from 4 p.m. to 7 p.m.; and
 Overnight (ON) emissions based on average off-peak hourly traffic data, applied
to hours from 7 p.m. to 6 a.m.
If there are local or project-specific data to suggest that the AM or PM peak traffic
periods will occur in different hours than the default values suggested here, or over a
longer or shorter period of time, that information should be documented and the hours
representing each time period adjusted accordingly. Additionally, users should determine
peak periods for the build and no-build scenarios independently and not assume that each
scenario is identical.
The number of EMFAC2011 “runs” needed to represent changes in fleet mix depends on
what modeling approach is required to complete the analysis (see Section 5.4). In some
cases, only one run will be necessary, with the resulting emissions rates being weighted
and aggregated through post-processing to reflect a particular fleet mix. In other cases,
multiple model runs will be required. This will be described in more detail in Sections
5.5 through 5.9.
Since PM emission rates do not vary with temperature and humidity in EMFAC2011, it is
not necessary to run multiple EMFAC2011 scenarios to capture seasonal variation in
emission rates. An exception to this concerns medium-heavy and heavy-heavy diesel
truck idling rates, which do vary by season to account for load factor changes due to
heating, air conditioning, and accessory use. See Section 5.8.3 for more information
about these idling rates and options for accounting for this variation in a particular
analysis.
5.3.3

Projects with additional travel activity data

Some project sponsors may have developed traffic or other activity data to show
variations in volume and speed across hours, days, or months. Additionally, if users are
modeling a transit or other terminal project, traffic volumes, starts, and idling estimates
are likely to be readily available for each hour of the day. Under either of these
circumstances, users have the option of applying the methodology described above (using
average-hour and peak-hour as representative for all hours of the year) if it is determined
through the interagency consultation process that using the additional data would not
significantly impact the emissions modeling results. Alternatively, additional
57

EMFAC2011 scenarios could be generated to produce a unique emission factor for each
activity scenario (i.e., each period of time for which specific activity data are available).

5.4

DETERMINING THE MODELING APPROACH

EMFAC2011 uses a modular emissions modeling approach that departs from the single
model approach used by EMFAC2007. Because of this, it may now be necessary to use
more than one method – or go to more than one source – to obtain all the emission rates
needed to complete a particular quantitative PM hot-spot analysis. The following
sections describe where the emission rates can be found for different vehicle types, the
tools available to obtain them, and approaches that can be used to determine which tools
are applicable to a specific analysis.
This guidance describes two general approaches to using EMFAC2011 for quantitative
PM hot-spot analyses: simplified and detailed. Users should follow the general decision
matrix shown in Exhibit 5-2 to determine which approach is appropriate for their
particular analysis. EPA anticipates that the majority of projects that require PM hotspot analyses should be covered by the simplified approach, where emissions factors for
projects are consistent with the default assumptions in EMFAC2011. In contrast, the
detailed approach is appropriate when projects:
 Have a vehicle age distribution that differs from EMFAC2011 default parameters
for the county in which the project is located; and/or
 Have project-specific rest and soak time data (e.g., any project that includes
vehicle start or idling emissions).67
In the context of the general decision matrix, “idling emissions” are those project
emissions resulting from dedicated idling activity (e.g., idling at a truck stop or bus or
intermodal terminal); in these cases, the detailed approach is to be used. Any idling that
occurs as part of a regular vehicle drive cycle (e.g., idling while paused at a signal light)
would be captured as part of a project’s running emissions and should considered when
calculating link average speed as described in Section 5.2; if this is the only idling
occurring as part of a project, use of the simplified approach would be appropriate.

67

The general decision factors described here (and shown in Exhibits 5-1and 5-2) differ from those
included in CARB’s EMFAC2011 “Handbook for Project-level Analyses” in two respects. First, CARB’s
handbook includes a third factor that has to be met to use the simplified approach (“Are project-specific
ambient temperature and relative humidity profiles available profiles available and different from EMFAC
defaults?”) However, since PM emission rates do not vary based on temperature and relative humidity in
EMFAC2011, this factor is irrelevant for PM hot-spot analyses. Second, CARB’s handbook does not
indicate whether the project includes vehicle start and idling emissions as a factor in deciding to use the
detailed approach. While there is some default information on rest and soak times included in
EMFAC2011, for a PM hot-spot conformity analysis the project sponsor is expected to have and use
project-specific soak/idle and start times; therefore any PM hot-spot analysis which includes starts or idle
emissions should use the detailed approach.
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Start and idle emissions would not normally be part of a highway or intersection project
analysis; however, if they are, the detailed approach should be used.
5.4.2

Transit and other terminal projects

Transit and other terminal projects will be expected to have project-specific rest/soak
times to generate start and idle emissions; for these projects, the detailed approach
described in Sections 5.6 through 5.9 should be used. If the terminal project is designed
to serve a fleet that operates only locally, such as a drayage yard or bus terminal, the
sponsor should provide project-specific fleet age distribution data, which would also
necessitate use of the detailed approach.
There may be limited cases where the simplified approach described in Section 5.5 could
be appropriate when modeling certain vehicle activity associated with a transit or other
terminal project (such as modeling the running emissions associated with a terminal); this
should be decided on a case-by-case basis using the interagency consultation process.
When modeling transit or terminal projects involving bus fleets, care should be taken to
obtain emission rates for the appropriate EMFAC2011 bus type; see Section 5.6.2 for
details.

5.5

APPLYING THE SIMPLIFIED APPROACH: USING EMFAC2011-PL

As noted in Section 5.4, the simplified approach described here may be appropriate for
highway and intersection projects meeting certain criteria. Most transit and terminal
projects would not qualify to use this approach since they will involve project-specific
rest/soak times (except to obtain any running emissions associated with the terminal);
these projects would instead use the detailed approach.
The simplified approach uses EMFAC2011-PL, a project-level assessment tool CARB
has developed to assist in the generation of emission rates for certain project-level
analyses.69 EMFAC2011-PL uses emissions and activity data from EMFAC2011-SG
module inventory files (default inventories of EMFAC2011-LDV and EMFAC2011-HD
modules) and calculates emission factors consistent with the default fleet distributions in
the region in which the project is located. The tool is available for download from
CARB’s Mobile Source Emission Inventory website
(www.arb.ca.gov/msei/modeling.htm). The EMFAC2011-PL tool is used only with the
simplified approach as described in this section. The steps for using EMFAC2011-PL for
the simplified approach for a PM hot-spot analysis are shown in Exhibit 5-3.

69

As previously noted, EPA noted in its March 2013 Federal Register notice that alternative project-level
tools could be used if EPA approves such tools as having similar performance (78 FR 14534). This
guidance will cover only the use of EMFAC2011-PL for the simplified approach.
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The EMFAC2011-PL tool will generate the following emission rates for the vehicle
category type, geographic area, fuels, and timeframe selected, relevant for PM hot-spot
analyses:
 Running Exhaust Emissions Rates [RUNEX] in g/mile/vehicle
 Idling Exhaust Emissions Rates [IDLEX] in g/hr/vehicle
 Starting Exhaust Emissions Rates [STREX] in g/trip/vehicle
 PM Brake Wear [PMBW] and PM Tire Wear [PMTW] in g/mile/vehicle
Note that EMFAC2011-PL does not allow one to enter any project-level activity data
with which to associate these emission rates and also does not generate composite rate
that includes brake wear and tire wear. Therefore, in most situations the rates obtained
from EMFAC2011-PL will have to be post-processed in order to calculate the emissions
from the project; see Section 5.5.9 for more details.
EMFAC2011-PL contains a graphical user interface (GUI) to enable the selection of
emission rates relevant for a particular project (see Exhibit 5-4). The following sections
describe the selections available in the GUI and how to use EMFAC2011-PL to obtain
project emission rates.
5.5.1

Vehicle Category Scheme

This selection allows one to select the vehicles categories for which emission rates will
be obtained. Users must select one of the following options:70
 EMFAC2011 Vehicle Categories
 EMFAC2007 Vehicle Categories
 Trucks/Non-Trucks Categories
 Trucks 1/Trucks 2/Non-Trucks Categories
 Total (Fleet Average)
In many cases, project travel activity data is likely to be in truck/non-truck categories, in
which case selection of the “Trucks/Non-Trucks” option would be appropriate. If project
data is not available at the vehicle category level, the “Total” option should be selected.
Users modeling one or more specific vehicle types would choose the appropriate EMFAC
vehicle category options as a later selection (see Section 5.5.6).
5.5.2

Region Type

EMFAC2011-PL offers six geographic scales (State, Air Basin, Air District, MPO,
County, and GAI)71; each corresponds to specific defaults for fleet characteristics. For
PM hot-spot analyses, users will typically select the County region type.

70
More information on the various EMFAC model vehicle categories is available online at:
www.arb.ca.gov/msei/vehicle-categories.xlsx
71
The GAI sub-area option is used in EMFAC2011 to distinguish certain heavy-duty idling rates in specific
parts of the state and is not an appropriate selection here.
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Exhibit 5-4. EMFAC2011-PL Graphical User Interface (GUI)

5.5.4

Calendar Year

EMFAC2011-PL is able to analyze calendar years from 1990 to 2035 but is limited to
one year per run. The calendar year (CalYr) selected here should be that of the project
analysis year. If an analysis year beyond 2035 is needed, select 2035 to represent that
year.
5.5.5

Season

EMFAC2011-PL can estimate emission factors for two seasons (winter and summer) or
an annual average. In general, since there is no seasonal variation in the PM emission
rates generated by EMFAC2011-PL, it will be appropriate to use the annual average. 72

72

The only seasonal variation in PM emission rates in EMFAC2011 is in the medium-heavy and heavyheavy duty diesel truck idling rates (see Section 5.8.3). Since this guidance recommends obtaining all
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As previously noted, any variations in project fleet mix will be handled through post
processing and will not require additional EMFAC2011-PL runs (see Section 5.5.9); a
single EMFAC2011-PL will therefore be able to generate all the emission rates for a
project eligible to use the simplified approach.
5.5.6

Vehicle Category

The options available in this category depend on the selection previously made for
Vehicle Category Scheme (see Section 5.5.1):
 If either the EMFAC2011 vehicle category scheme were selected, the option for
vehicle category will include all the vehicle categories for each model. Output for
all categories can be selected, or only one category if that is the only rate desired.
 If the Trucks/Non-Trucks scheme was selected, then the options are to obtain
rates for either both categories or just one.
 If the Total (Fleet Average) scheme was selected, the only option is to obtain rates
for All Vehicles Combined.
In most cases, “ALL” should be selected to ensure all vehicle classes are included in the
output.
5.5.7

Fuel Type

This selection offers the option of selecting emission rates by fuel type (GAS, DSL, TOT,
or ALL). In most cases “TOT” should be selected, which will ensure all fuel types are
included in resulting composite rate. However, when using EMFAC2011-PL to obtain
emissions for a vehicle category using a single fuel, selecting only the desired fuel type is
recommended. Selecting “ALL” will give separate output for gas and diesel fuel types,
which would be useful in the event project VMT was available by fuel type.
5.5.8

Speed

EMFAC2011-PL can give emission rates in 14 speed bins (5-70 MPH in 5 MPH
increments). The speed bin selected should be the speed that most closely matches the
average speed for the link for which the EMFAC scenario applies. If the project contains
links with a large range of average speeds, it may be useful to select all speed bins
(“ALL”) for efficiency.
5.5.9

Generating and post-processing EMFAC2011-PL emission factors

Once all the selections have been made on the EMFAC2011-PL GUI, the user should
select “Download” to obtain the desired rates. Once the download process is completed,
an Excel file containing the results will appear in the drive where the EMFAC program is
located. Rates for different processes will be on separate tabs within the spreadsheet.
vehicle idling rates using the detailed process (see Section 5.6), annual average is the recommended
selection here when using EMFAC2011-PL.
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Because the rates for different processes are output into different spreadsheet tabs in this
way, for running emission links, the EFMAC2011-PL results will then have to be postprocessed to add brake wear and tire wear emission rates to the associated running
emission rates to obtain a composite rate suitable for use in air quality modeling. This
post-processing will have to occur outside of EMFAC2011-PL and can be accomplished
using a spreadsheet or similar tool.
As previously mentioned, only one EMFAC2011-PL “run” is necessary to obtain
emissions rates for a project using the simplified approach. However, if the project fleet
mix differs from the EMFAC2011 default county vehicle mix, those rates will then have
to be weighted and aggregated to reflect the project-specific fleet mix before being used
in air quality modeling. Typically, this would mean weighting the emission rates to
reflect the appropriate truck/non-truck vehicle mix of a project. See Appendix G for an
example of this post-processing for a simplified highway project. An additional example
can be found in Scenario #4 in the Appendices to CARB’s EMFAC2011 “Handbook for
Project-level Analyses.” There may be limited cases in which no post-processing of
EMFAC2011-PL results are needed.

5.6

OVERVIEW OF THE DETAILED APPROACH

5.6.1

General

The detailed approach is to be followed when completing a quantitative PM hot-spot
analysis when (a) the vehicle age distributions for the project differ from EMFAC2011
defaults, and/or (b) the project includes vehicle idling and/or start emissions. As noted in
Section 5.4, most transit and other terminal projects are likely to use the detailed
approach. In addition, any highway or intersection project that has a vehicle age
distribution which differs from the EMFAC2011 default values would also have to use
the detailed approach.
The detailed approach consists of two parts:
 The EMFAC2011-LDV procedure, which gives emission rates for light duty
vehicles and some bus types (see Section 5.7); and
 The EMFAC2011-HD procedure, which gives emission rates for heavy duty
vehicles and the remaining bus types (see Section 5.8)
Depending on the fleet mix for the project, users may need to use either the
EMFAC2011-LDV procedure, the EMFAC2011-HD procedure, or both procedures in
order to obtain all the emission rates needed for a particular project. Exhibit 5-5 shows
an overview of using the detailed approach for a quantitative PM hot-spot analysis. In
addition, Section 5.9 describes the process for combining emission rates from
EMFAC2011-LDV and EMFAC2011-HD into a link aggregate emission rate suitable for
use in dispersion modeling.

65

Because project analyses necessitating use of the detailed approach cannot use the
EMFAC2011-PL tool (or similar interface) to obtain EMFAC2011 emission rates, this
section of the guidance contains detailed instructions on how obtain data directly from
the various EMFAC2011 modules. In addition, this guidance is geared towards
addressing the most likely situations likely to be part of a PM hot-spot analysis. CARB is
available to help answer questions on how to obtain emission rates for project situations
not covered by this guidance.
The general steps to the EMFAC2011-LDV procedure can be summarized as:
 Open EMFAC2011-LDV and determine appropriate inputs to describe the
geographic area, time period, and vehicles for which you need emission rates;
 Select “Emfac” mode to generate area-specific fleet average emission factors;
 Change settings for temperature and humidity, to input one appropriate value for
each that represents the project area;
 Edit program constants to change distribution of VMT, trips, and vehicle
population (as needed) to reflect the project’s fleet mix;
 Run EMFAC2011-LDV and obtain the relevant project emissions factors for
running exhaust, tire wear, brake wear, MDT and HDT idling, and gasoline
vehicle start emissions;
 If needed, estimate idling emissions for all other vehicle types, based on the
EMFAC emission factor for 5 mph;
 If needed, estimate diesel start emissions by multiplying the time between ignition
and driving by the appropriate idle rate;
 For a link total emissions factor, add running, tire wear, and brake wear emission
factors together;
 Process idling and start emissions to reflect the activity anticipated at the project
when transit and other terminal links are modeled.
Section 5.7 will cover these steps in detail.
The general steps to using the EMFAC2011-HD procedure can be summarized as:
 Obtain running exhaust, brake wear, and tire wear emission rates from CARB’s
EMFAC website, selecting the relevant geographic area, time period, and vehicle
types;
 If needed, obtain idling emission rates from CARB’s website, selecting the
relevant geographic area and filtering the spreadsheet for the appropriate calendar
year and vehicle type;
 If needed, weight the rates from the individual EMFAC2011-HD vehicle classes
into an aggregate heavy-duty emission rate based on the default VMT mix and the
project-specific age distribution;
 If needed, estimate diesel start emissions by multiplying the time between ignition
and driving by the appropriate idle rate;
 To calculate the total emissions factors for each link, add running, tire wear, and
brake wear emission factors together;
 Process idling and start emissions to reflect the activity anticipated at the project
when transit and other terminal links are modeled.
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Therefore, if idling emissions for a project are required for vehicle types found in both
the EMFAC2011-LDV and EMFAC2011-HD modules, then both methods will need to
be used to extract all the required idling emission rates for that project.
Exhibit 5-6. Bus Types in EMFAC2011
Bus type

Description

EMFAC2011 vehicle category
[Module in which found]

Urban transit buses

Publicly-owned urban transit buses. Either
diesel buses or (more commonly) natural gas
buses certified to diesel standards.

UBUS-DSL
[EMFAC2011-LDV]

Intercity buses
(motor coach)

Heavy buses with a specific body type used
for inter-regional transit. Regulated by the
Truck and Bus rule.

Motor Coach-DSL
[EMFAC2011-HD]

Other diesel buses

Catch-all diesel bus category. Includes rental
car shuttles, school buses sold to a private
entity like a church, etc. Regulated by the
Truck and Bus rule.

OBUS-DSL
[EMFAC2011-HD]

Small transit/
paratransit buses

Lighter, smaller buses used by transit or
paratransit fleet, etc.

UBUS-GAS
[EMFAC2011-LDV]

Other gas buses

Catch-all category for gas buses or shuttles
not owned by a transit fleet or school district.

OBUS-GAS
[EMFAC2011-LDV]

School buses (diesel)

Self-explanatory. Regulated by the Truck
and Bus rule.

SBUS-DSL
[EMFAC2011-HD]

School buses (gas)

Self-explanatory; few in number.

SBUS-GAS
[EMFAC2011-LDV]

5.6.4

Obtaining start emissions using the detailed approach

General
Obtaining start emissions using the detailed approach also depends on the vehicle type
involved. EMFAC2011 does not include explicit start emission rates for any diesel
vehicle types in either the EMFAC2011-LDV or EMFAC2011-HD modules. However,
EMFAC2011 does include start emission rates for gasoline vehicles.
In general, then, when needing to estimate project start emissions:
 For gasoline vehicles, obtain the appropriate start emission rate from the
EMFAC2011-LDV module;
 For diesel vehicles, estimate the start emissions rate based on the vehicle’s idling
rate, as described below.
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Obtaining start emission rates for EMFAC2011 diesel vehicle types
A diesel start can be defined as the period following “key-on” ignition, an initial warmup period before the vehicle begins driving. The duration of this process will be specific
to the project, but can be simply modeled as a period of idle activity.
To estimate start emissions, users should multiply the length of this period in terms of
hours (e.g., 3 minutes = 0.05 hour) by the appropriate idle rate in grams/hour extracted
from EMFAC2011, to determine a gram/start emission rate for use in air quality
modeling. For instance, to account for a 30 second start-up period, the EMFAC2011 idle
rate (in grams/hour) should be multiplied by .0083 hours to obtain the total grams of
emissions per start. This grams/start rate can then be multiplied by the number of vehicle
starts present in the project in that hour to obtain total start emissions.
More Section 5.6.3 for more information about obtaining idling rates using the detailed
approach.
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5.7

APPLYING THE DETAILED APPROACH: USING EMFAC2011-LDV

The procedure described here should be used to generate emission rates for any of the
EMFAC2011-LDV vehicle categories listed in Exhibit 5-7 when using the detailed
approach for a PM hot-spot analysis.
Exhibit 5-7. EMFAC2011-LDV Vehicle Categories
EMFAC2011 Vehicle & Technology
LDA – DSL
LDA – GAS
LDT1 – DSL
LDT1 – GAS
LDT2- DSL
LDT2 – GAS
LHD1 – DSL
LHD1 – GAS
LHD2 – DSL
LHD2 – GAS
MCY – GAS
MDV – DSL
MDV – GAS
MH – DSL
MH – GAS
T6TS – GAS
T7IS – GAS
SBUS – GAS
UBUS – DSL
UBUS – GAS
OBUS – GAS

Description
Passenger Cars
Passenger Cars
Light-Duty Trucks (0-3750 lbs)
Light-Duty Trucks (0-3750 lbs)
Light-Duty Trucks (3751-5750 lbs)
Light-Duty Trucks (3751-5750 lbs)
Light-Heavy-Duty Trucks (8501-10000 lbs)
Light-Heavy-Duty Trucks (8501-10000 lbs)
Light-Heavy-Duty Trucks (10001-14000 lbs)
Light-Heavy-Duty Trucks (10001-14000 lbs)
Motorcycles
Medium-Duty Trucks (5751-8500 lbs)
Medium-Duty Trucks (5751-8500 lbs)
Motor Homes
Motor Homes
Medium-Heavy Duty Gasoline Truck
Heavy-Heavy Duty Gasoline Truck
School Buses
Urban Buses
Urban Buses
Other Buses

Exhibit 5-8 shows the general process for using the EMFAC2011-LDV module to obtain
emission rates for EMFAC2011-LDV vehicle types for PM hot-spot analyses. However,
how EMFAC2011-LDV is to be configured and run depends entirely upon the specific
types of rates required for a particular PM hot-spot analysis. This section will describe
the various EMFAC2011-LDV inputs and show, as an example, how to use
EMFAC2011-LDV to obtain an aggregate light duty emission rate from vehicles types
LDA, LDT1, LDT2, and MCY. In addition, Appendix H contains an example of how to
use EMFAC2011-LDV to generate bus idling rates for a transit terminal for a PM hotspot analysis.
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5.7.1

Specifying basic scenario inputs

To generate emission factors in EMFAC2011-LDV for PM hot-spot analyses, users need
to first enter a series of basic inputs using the user interface. Exhibit 5-9 presents a
summary of all basic inputs needed to complete an EMFAC2011-LDV scenario run
(“scenario”). The EMFAC2011-LDV defaults can be used directly for most basic input
categories; however, some inputs need to be modified to reflect project-specific
information.
Exhibit 5-9. Summary of EMFAC2011-LDV Inputs Needed to Evaluate a Project
Scenario for a PM Hot-spot Analysis
Step

EMFAC Basic Input Category
Geographic Area

1
Calculation Method
2

Calendar Year

3

Season or Month

4

Scenario Title

5

Model Years

6

Vehicle Classes

7

I/M Program Schedule

EMFAC Basic Input Data
State
Air Basin
District
County
By Sub-Area
Use Average
Calendar Year
Month
Season
Annual
Default
Modify
All
Modify
All
Modify
Default
Modify

Modification Needed?
Yes

No*
Yes
Yes
Optional
No
Optional**
No

* Defaults to “Use Average” if “County” selected. If “District” selected, “By Sub-Area” option is
available.
** If a project uses a subset of the default fleet, users should delete unwanted vehicle classes
through the “Vehicle Classes” user interface.

Geographic area and calculation method
Upon creating a new scenario in EMFAC2011-LDV, users should enter into GUI the
geographic area where the project is located. EMFAC2011-LDV offers four geographic
scales and each corresponds to specific defaults for fleet characteristics. The “Area
Type” category includes State, Air Basin, District, and County. For PM hot-spot
analyses, users will typically select the County area type. When “County” is selected, a
list of all the counties in California will be available. Users should select the county
where the project is located.
If the selected county is part of only one air basin, users can continue to the next step to
specify calendar years. However, if the selected county is within multiple air basins,
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EMFAC2011-LDV will show two options, “By Sub-Area” and “Use Average,” as
calculation methods. Users should select “By Sub-Area” to generate EMFAC2011
emission factors in look-up tables for all sub-areas within the selected county.
For instance, Los Angeles County is located in both the Mojave Desert Air Basin and the
South Coast Air Basin. If the project is located near the Port of Los Angeles and “Los
Angeles County” with “By Sub-Area” selected, EMFAC2011-LDV will provide
emission data for both the Mojave Desert Air Basin and the South Coast Air Basin. Only
the look-up tables for the South Coast Air Basin would be used because this is where the
port is located; the Mojave Desert Air Basin data would be ignored.
Calendar year
EMFAC2011-LDV is able to analyze calendar years from 1990 to 2035 and allows
emission rates to be obtained for multiple calendar years in a single run. Users should
select one or more calendar years based on the project scenarios to be analyzed. If an
analysis year beyond 2035 is needed, select 2035 to represent that year.
Season or month
EMFAC2011-LDV can give emission factors for each month, two seasons (winter and
summer), or an annual average. Although VMT and speed are handled external to the
model, the vehicle mix may vary by hour and season and these scenarios should be
modeled explicitly. As discussed in Section 5.3, users should use EMFAC for the
appropriate number of scenarios based on the availability of travel activity data. Users
with typical travel activity data (i.e., average and peak hour data) may run one or two
scenarios (depending whether vehicle mix varies between the peak-hour and averagehour) and will select “annual average” in the “Season or Month” selection panel. Users
with additional data that shows variation in fleet mix across seasons or months should
select the appropriate month or season for each run.
Scenario title
EMFAC2011-LDV generates a default scenario title that includes the name of the county,
calculation method, season or month, and calendar year. A replacement scenario title can
be specified, if desired.
Model years
EMFAC2011 includes vehicle model years from 1965 to 2040 and default assumptions
about mileage accumulation that vary by model year. EMFAC2011-LDV will generate
emission factors for 45 model years (ages 1 through 45). Users can change the range of
model years to be included in an EMFAC2011-LDV run through the model interface. If
a project involves a specialized and simple fleet (e.g., buses operating in a bus terminal)
for which the range of model years is well known or reliably estimated, users may
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consider including only those model years and exclude unrelated vehicle types in an
EMFAC2011-LDV run.
Vehicle classes
Typically, all 21 default vehicle classes should be selected for most projects. The
exception would be a project or link that involves a specialized fleet of limited vehicle
types (e.g., a bus terminal). The EMFAC2011-LDV module assumes vehicle population
and travel activity distributions by vehicle class, depending on the geographic area and
analysis year selected. Editing the default distribution of vehicle classes, and excluding
vehicle classes from the rate calculations will be discussed in Section 5.7.3. If only one
vehicle type is selected, all emission information in the EMFAC2011-LDV output will be
calculated for that one vehicle type.
I/M program schedule
Currently, no PM emission benefit from I/M programs exists in EMFAC2011. Although
EMFAC2011-LDV allows edits for each I/M program, users should not alter the default
settings and parameters associated with I/M programs and their coverage.
5.7.2

Configuring mode and output

EMFAC includes three scenario types or modeling modes: Burden, Emfac, and Calimfac.
For PM hot-spot analyses, users should select the “Emfac” mode, which generates areaspecific fleet average emission factors for running exhaust, starting and idling emissions.
Once Emfac mode is selected, the following additional settings can be modified:
Temperature and relative humidity
The default settings in the Emfac mode include 15 temperature bins (-20F to 120F) and
11 relative humidity bins (0% to 100% RH) to generate average emission factors.
However, because EMFAC2011 PM emission rates are insensitive to changes in
temperature and humidity, generating emission factors for all default temperature/relative
humidity combinations throughout an analysis year is not necessary. As shown in
Exhibit 5-10, users need to remove the default temperature/relative humidity settings and
input only one value (e.g., 60F, 70% RH) for temperature and relative humidity,
respectively, to perform an Emfac mode run. Selecting one combination of
temperature/relative humidity will reduce computer run time and produce PM emission
factor look-up tables that can be easily used.
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Exhibit 5-10. Changing EMFAC2011-LDV Default Settings for Temperature and
Relative Humidity

Note: Radio button selection will default to delete even after change has been made.

Speed
The Emfac mode allows users to input up to 24 speed values to populate average
emission factors. The default setting specifies speed bins for 0 mph through 65 mph in 5
mph increments. Emission factors for intermediate speeds can also be generated if
specific speed values are input into the EMFAC2011-LDV module.
Users have several options to calculate appropriate speed-dependent emission factors for
a project. For instance, if a highway link in a build scenario is known to have an average
speed of 32 mph, it can be directly input into the speed list of EMFAC2011-LDV to
produce the associated PM emission factors. Alternatively, if the EMFAC2011-LDV
default settings are used to generate a look-up table for different speed bins, users can
either select the emission factors associated with the closest speed bin (e.g., 30 mph bin,
representing speeds of 27.5 mph to 32.5 mph), or interpolate between the emission
factors for speed bins of 30 mph and 35 mph.
For specific cases for which the average link speed is less than 5 mph, users can either
select the emission factors from the 5 mph speed bin, or extrapolate the desired speed by
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using the emission factors from the speed bins for 5 mph and 10 mph to create a trend
line to lower speeds.
Output rate file
The Emfac mode can provide emission information in four output formats with different
levels of detail. Users should select “Summary Rates (RTS).” The Summary Rates
format generates average emission factors by speed for six vehicle groups (aggregated
from the 21 vehicle classes modeled in EMFAC2011-LDV) and an overall average
emission factor for the entire vehicle fleet. Typically, the “ALL” emission factor
(aggregate) should be used.
Output particulate
As shown in Exhibit 5-11, users have to select either PM10 or PM2.5 in an Emfac mode
run to obtain particulate emission factors. EMFAC2011-LDV must be run twice to
obtain both PM10 and PM2.5 data for those projects that are located in both PM10 and PM2.5
nonattainment/maintenance areas.
Exhibit 5-11. Selecting Pollutant Types in EMFAC2011-LDV for PM10 and PM2.5
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5.7.3

Editing program constants

Default data in the Emfac mode
The Emfac mode is associated with a range of pre-populated program constants linked to
specific time periods and California geographic areas. Exhibit 5-12 lists the default data
available in the Emfac mode that can be accessed through the “Edit Program Constants”
in the user interface. For a PM hot-spot analysis, many of the defaults do not need to be
modified. However, users do need to determine which adjustments are needed for the
default distributions of VMT, trips, and vehicle population by vehicle class. The
EMFAC2011-LDV interface has “Copy with Headers” and “Paste Data Only” tabs that
are helpful for users to easily export the default data and import the adjusted data.
Exhibit 5-12. EMFAC2011 Program Constants and Modification Needs for PM
Hot-spot Analyses
EMFAC2011-LDV
Program Constants
Exh Tech Fractions
Evap Tech Fractions
Interim I/M
Population
Accrual
Trips
VMT
Speed Fractions
Idle Time

Description
Exhaust control technology fractions
Evaporative control technology factions
Enhanced interim I/M program
Vehicle population by class, fuel type, and age
Odometer accrual rate by class, fuel type, and age
Vehicle trips/starts per day by class, fuel type, and age
Vehicle miles traveled per day by class, fuel type, and age
VMT by speed bin distribution for each vehicle class
Idle times by vehicle class, fuel, and hour of day

Modification
Needed for PM
Analyses?
No
No
No
Yes*
No
Yes*
Yes*
No
No

* Different distributions in VMT, trips, or vehicle population than those reflected by the EMFAC2011
defaults should be updated through the user interface to incorporate project-specific vehicle activity
information.

EMFAC2011-LDV allows users to adjust the calculated fleet-average emission factors by
varying the relative weightings of the 21 vehicle classes. This adjustment is done by
replacing the default numbers for each vehicle class in the EMFAC2011-LDV user
interface, using the “VMT” option for a highway project, or the “Trips” or “Population”
option if analyzing a transit or other terminal project, under the “Edit Program Constants”
function available via the Emfac mode screen (an example is discussed below).
Note: EMFAC2011-LDV also allows users to modify the fuel characteristics
(gas/diesel/electric) for each vehicle class. For most PM hot-spot analyses for highway
projects with non-captive fleets, users will not need to modify the fuel assumed for the
fleet vehicles. For projects involving captive fleets with known fuel use distributions, the
default fractions should be modified.
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For the scenario described earlier, where only an aggregate light-duty emission rate is
needed, the heavy-duty classes included in EMFAC2011-LDV should be functionally
“zeroed-out” by assigning a value of “1” (see Exhibits 5-13 and 5-14).73 The default
VMT for the light duty (non-truck) vehicle classes (PC, T1, T2, and MC) would remain
unchanged unless project-specific VMT is available for these vehicle classes, in which
case these entries should be adjusted to reflect project data. ,.
Exhibit 5-13. Example Default EMFAC2011-LDV VMT by Vehicle Class
Distribution (Heavy-duty Vehicle VMT Highlighted)

73

EMFAC2011-LDV will not accept “0” as a valid input.
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Exhibit 5-14. Example Adjusted EMFAC2011-LDV VMT by Vehicle Class
Distribution (Heavy-duty Vehicle VMT Highlighted)

Note: The average emission factors provided by EMFAC2011-LDV in the “Emfac mode”
are VMT-weighted (for running emissions), vehicle trip-weighted (for start emissions), or
vehicle population-weighted (for idle emissions) across different vehicle classes. If a
user runs the model for a county, the weighting reflects county-level VMT, trips (starts),
or vehicle fleet and their absolute values are not relevant at the project level.
For most transit and other terminal projects, users may have detailed information on not
only vehicle mix, but also fuel mix (diesel/gas/electric) and age distribution (model year
distribution). Users should adjust the fuel mix (changed through the “By Vehicle and
Fuel” tabs of the VMT, Population, and Trips panels) to reflect the known or expected
fuel use (if, for instance, a bus fleet is expected to use entirely diesel fuel). Similarly, if
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the age distribution (model year distribution) is known for a particular fleet, this should
be entered in place of the EMFAC2011-LDV default values (found in the “By
Vehicle/Fuel/Age” tab of the Edit Population panel). An example showing the steps
involved in defining a project-specific age distribution for a single vehicle type is shown
in Appendix H.
Note that EMFAC2011-LDV’s ability to model alternate fuel options is not uniform
among vehicle classes. If users determine that modification of the fleet in terms of fuel
or age distribution is needed, they should contact CARB for further guidance. However,
for most highway and intersection projects with a non-captive fleet, the EMFAC2011
LDV default fuel mix should be used.
5.7.4

Generating EMFAC2011-LDV emission factors

For each EMFAC2011-LDV run, emission factors will be generated in the “Summary
Rates (RTS)” file (.rts file) in the form of look-up tables. These tables are organized and
numbered by different emission processes and pollutant types. PM emission factors for
running exhaust, idle exhaust, tire wear, and brake wear are included in Table 1 of the .rts
file; PM start emission factors are included in Table 2 of the .rts file. Exhibit 5-15
(following page) includes example screenshots of EMFAC2011-LDV .rts file output.
Highway and intersection links
For each speed value (greater than 0 mph), EMFAC2011-LDV outputs running exhaust,
tire wear, and brake wear emission factors in grams/vehicle-mile, for six vehicle groups
plus an aggregate emission factor named as “All”. Note that the .rts output file includes
only six vehicle groups – an aggregation of the 21 vehicle classes manipulated during the
input process. In general, assuming users have run the model with VMT-weighted
distributions appropriate for the project’s fleet activity (see Section 5.7.2), only the
emission factors from the “All” column will be needed. The “All” column includes a
grams/vehicle-mile value that is a VMT-weighted average based on the user-provided
vehicle activity mix. The sum of running exhaust, tire wear, and brake wear grams/mile
PM emission factors for a given speed is the total fleet-average grams/vehicle-mile
emission factor appropriate for modeling highway project links:
Total Link Emission Factor = (EFrunning) + (EFtire wear) + (EFbrake wear)
The total link emission factor (grams/vehicle-mile) can be used in combination with the
link volume and link length as input into CAL3QHCR. If using AERMOD, an emission
rate (in grams/hour) should be calculated for each link. This can be done by multiplying
the total link emission factor (calculated above) by the link hourly volume and link
length. If the project contains heavy-duty vehicle activity, an additional process is
necessary to weight together heavy-duty and light-duty emission rates based on linkspecific heavy-duty/light-duty volumes. See Section 5.9 for additional information.
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Exhibit 5-15. Example EMFAC2011-LDV Running Exhaust, Tire Wear, and Brake
Wear Emission Factors in the Summary Rates (rts) Output File

Transit and other terminal links
For transit and other terminal projects, such as bus terminals or intermodal freight
terminals, the emissions contribution will be a combination of idling, starting, and/or
running emissions. EMFAC2011-LDV allows users to generate emission factors for both
the bus terminal itself (idling and start emissions) and approaching/departing links
(running emissions) in a single run. To obtain project-specific running exhaust emission
factors, users can modify the VMT associated with the buses at the approaching link by
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adjusting the values for each of the EMFAC2011-LDV vehicle classes in the user
interface with the method described in Section 5.7.3. In the same EMFAC2011-LDV
run, users can enter project-specific vehicle population to generate the necessary idle
emission factors. Note that since AERMOD will always be used for complex projects
involving both highway/intersections and terminals, the running rates from EMFAC
(grams/veh-mile) should be converted to grams/hour rates.
Other special projects may need additional data manipulation. Project sponsors should
contact CARB or the local air quality management district for further guidance.
Idling Emissions. Idling emission factors for some EMFAC2011-LDV vehicle types (the
MDT and HDT groups) are reported as grams/idle-hour and are available in Table 1 of
the .rts file associated with a speed value of 0 mph. For all other vehicle types (including
passenger cars and urban buses), an idle rate may be calculated based on the reported rate
for 5 mph, also in Table 1 of the .rts file. This rate in grams/vehicle-mile should be
multiplied by 5 miles/hour to obtain a grams/veh-hour rate. This grams/veh-hour idle
rate can then be multiplied by the number of idling vehicles in the area and the resulting
grams/hour rate can be used in air quality modeling.
Note that in many transit projects, buses will not typically idle for the entire hour.
Therefore, the grams/veh-hour rate should be adjusted to include the actually number of
idling buses, as well as the “dwell time.” For instance, a transit terminal may have a
particular area where 50 buses idle for 6 minutes per hour while they pick-up/drop-off
passengers. The idle rate generated by EMFAC2011-LDV should be multiplied by the
number of idling buses, as well as the fraction of the hour (0.1 hour) when idling is
occurring. The resulting grams/hour rate can be used in air quality modeling.
Start Emissions. Start emissions may be a significant source of PM for many transit or
other terminal projects. EMFAC2011-LDV reports start emissions as grams/trip (or
grams/start) emission factors for gasoline vehicles only. These factors can be combined
with project-specific estimates of vehicle trips (or starts) per hour to calculate grams/hour
emissions. Starting emission factors depend on the vehicle soak time (the soak time is
the time a vehicle is stationary with the engine turned off, following the last time it was
operated). The longer a vehicle is turned off, or soaks, the higher the start emissions
embedded in EMFAC2011-LDV. The output look-up table for start emissions includes
18 time bins (5 minutes to 720 minutes); users need to choose an appropriate time bin
that is representative for the project activity. A particular area of starting activity may
have a soak time distribution (e.g., 10 percent soaking 5 minutes, 40 percent soaking 320
minutes, and 50 percent soaking 720 minutes), the subsequent rates should be
appropriately weighted together to calculate a grams/hour emission rate for use in air
quality modeling.
Since EMFAC2011-LDV does not contain any start rates for any diesel vehicle type in
the module, the approach described in Section 5.6.4 should be used to estimate a start rate
for these vehicles. Note that idling emissions (and therefore start emissions) will vary
between EMFAC2011-LDV vehicle types; care should be taken to ensure rates are
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matched to the correct vehicle type and that starts for all appropriate vehicle types are
accounted for.
Running Emissions. Finally, users may need to model running exhaust emissions from
cruise, approach, and departure link activity, as well as start and idle emissions at the
project site. For instance, to assess impacts from a proposed bus terminal, users may
need to evaluate the idle emissions from buses at the terminal as well as the bus running
exhaust emissions along the links approaching and departing from the terminal.
Given that the link activity will likely involve a unique vehicle fleet (one with a
disproportionate amount of bus activity), users should modify the default travel activity
in EMFAC-LDV to reflect the bus activity.
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5.8

APPLYING THE DETAILED APPROACH: USING EMFAC2011-HD

The procedure described here should be used when emission rates are needed for any of
the EMFAC2011-HD vehicle categories listed in Exhibit 5-16.
Exhibit 5-16. EMFAC2011-HD Vehicle Categories
EMFAC2011 Vehicle & Technology
T6 Ag - DSL
T6 CAIRP heavy - DSL
T6 CAIRP smal l - DSL
T6 instate construction heavy - DSL
T6 instate construction smal l - DSL
T6 instate heavy - DSL
T6 instate smal l - DSL
T6 OOS heavy - DSL
T6 OOS smal l - DSL
T6 Public - DSL
T6 utility - DSL
T7 Ag - DSL
T7 CAIRP - DSL
T7 CAIRP construction - DSL
T7 NNOOS - DSL
T7 NOOS - DSL
T7 other port - DSL
T7 POAK - DSL
T7 POLA - DSL
T7 Public - DSL
T7 Single - DSL
T7 single construction - DSL
T7 SWCV - DSL
T7 tractor - DSL
T7 tractor construction - DSL
T7 utility - DSL
PTO - DSL
SBUS - DSL
Motor Coach - DSL
All Other Buses - DSL

Description
Me dium-Heavy Duty Diesel Agriculture Truck
Medium-Heavy Duty Diesel CA International Regi stration Plan Truck
with GVWR>26000 lbs
Me dium-Heavy Duty Diesel CA International Regi stration Plan Truck
with GVWR<=26000 lbs
Me dium-Heavy Duty Diesel instate construction Truck with
GVWR>26000 lbs
Me dium-Heavy Duty Diesel instate construction Truck with
GVWR<=26000 lbs
Me dium-Heavy Duty Diesel instate Truck with GVWR>26000 lbs
Me dium-Heavy Duty Diesel instate Truck with GVWR<=26000 lbs
Me dium-Heavy Duty Diesel Out-of-state Truck with GVWR>26000 lbs
Me dium-Heavy Duty Diesel Out-of-state Truck with GVWR<=26000 lbs
Me dium-Heavy Duty Diesel Publ ic Fleet Truck
Me dium-Heavy Duty Diesel Utility Fleet Truck
Heavy-Heavy Duty Diesel Agri culture Truck
Heavy-Heavy Duty Diesel CA International Re gistration Plan Truck
Heavy-Heavy Duty Diesel CA International Re gistration Plan
Construction Truck
Heavy-Heavy Duty Diesel Non-Neighbori ng Out-of-state Truck
Heavy-Heavy Duty Diesel Neighboring Out-of-state Truck
Heavy-Heavy Duty Diesel Drayage Truck at Other Faciliti es
Heavy-Heavy Duty Diesel Drayage Truck in Bay Area
Heavy-Heavy Duty Diesel Drayage Truck near South Coast
Heavy-Heavy Duty Diesel Public Flee t Truck
Heavy-Heavy Duty Diesel Singl e Unit Truck
Heavy-Heavy Duty Diesel Singl e Unit Construction Truck
Heavy-Heavy Duty Diesel Solid Waste Coll ection Truck
Heavy-Heavy Duty Diesel Tractor Truck
Heavy-Heavy Duty Diesel Tractor Construction Truck
Heavy-Heavy Duty Diesel Utility Flee t Truck
Power Take Off
School Buses
Motor Coach
All Other Buses
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In order to capture all the emission processes for EMFAC2011-HD vehicle categories
using the detailed approach, users will need to access multiple data sources (described in
Exhibit 5-17, below). This is because the data formats and input requirements are quite
different for different processes:
 Running Exhaust Emission Rates (g/mile) change by speed, and therefore, require
speed as an input.
 PM Brake Wear and Tire Wear Emissions Rates (g/mile) are assumed to be same
at all speeds (EMFAC2011-HD outputs it at the “ALL Combined Speed” level).
 Idling Exhaust Emission Rates (g/hour) are based on idling time.
 Start Exhaust Emission Rates (g/start) can be estimated using EMFAC2011-HD
idling exhaust rates and the procedure described in Section 5.8.4.
All the required rates to calculate these emissions are available on the CARB website.
The specific tools used to generate emission rates for the EMFAC2011-HD vehicle
categories will vary depending on the particular type of emissions selected. Exhibit 5-17
provides a quick reference for data sources for each of the emission processes. However,
users need to follow all the procedures detailed in following sections (5.8.1 through
5.8.4) to obtain complete emission rates for EMFAC2011-HD vehicles.
Exhibit 5-17. Data Sources for EMFAC2011-HD Vehicle Emission Rates (Detailed
Approach)
Emission Process
Running Exhaust
Emission Rates
(RUNEX)

Where to Find

Units

www.arb.ca.gov/emfac
Download “by speed” for RUNEX

PM Brake Wear
and Tire Wear
(PMBW/PMTW)

www.arb.ca.gov/emfac

Idling Exhaust
Emission Rates
(IDLEX)

http://www.arb.ca.gov/msei/emfac2011_idling_emission_rates.xlsx

Start Exhaust
Emission Rates

Estimate using appropriate idling exhaust rate; see Section 5.8.4.

Download “Combined” speeds for PMBW and PMTW

g/mile

g/mile

g/hr

g/start

As noted, for some processes it will be necessary to go to CARB’s EMFAC web database
(www.arb.ca.gov/emfac). A screenshot of the database’s graphical user interface is
shown in Exhibit 5-18. Details on how and when to access the database emission factors
are described further in this section.
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In addition, the CARB EMFAC2011 “Handbook for Project-level Analyses” contains
examples in the appendices (see, in particular, Scenario #5B and Scenario #7) that show
using EMFAC2011-HD to obtain emission rates for some illustrative projects. These can
be referenced as a general guide on how to employ EMFAC2011-HD as part of the
detailed approach.
Exhibit 5-18. Graphical User Interface for CARB’s EMFAC Web Database

5.8.1

Obtaining EMFAC2011-HD vehicle running exhaust emission rates

The general methodology for generating Running Exhaust Emission Rates (RUNEX) for
EMFAC2011-HD vehicles using the detailed approach is shown in Exhibit 5-19.
The emission rates and default VMT by vehicle class (which can be used when
weighting, per Section 5.9) are available through the EMFAC2011 web database
(www.arb.ca.gov/emfac). Users are required to select the following options:
 Data Type: Emission Rates
 Region Type: Statewide Average, Air Basin, Air District, MPO, County, SubArea (GAI)
 Region (based on Region Type selection)
 Calendar Year
 Season
 Vehicle Category scheme (EMFAC2011 or EMFAC2007)
 Vehicle Type (based on Vehicle Category scheme selection)
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Model Year
Speed
Fuel

See Exhibit 5-19 for additional input guidance. In addition, guidance for using
EMFAC2011-LDV applies to the Region, Region Type, Calendar Year and Season
selections for PM hot-spot analyses; see Section 5.5 for details.
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Exhibit 5-19. Obtaining Running
Running Emissions (RUNEX) Emission R
Rates
ates for
EMFAC2011-HD
HD Vehicle
Vehicless (Detailed Approach)74

74

Exhibit is the same as in CAR
CARB’s
B’s EMFAC2011 “Handbook for Project-level
Project level Analy
Analyses” for consistency
purposes. Users may find that the checkboxes now may be menu selections.
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5.8.2

Obtaining EMFAC2011-HD vehicle brake and tire wear emission rates

The general methodology for generating PM Brake Wear (PMBW) and PM Tire Wear
(PMTW) emission rates for EMFAC2011-HD vehicles using the detailed approach is
explained in Exhibit 5-20.
The emission rates are available through the EMFAC2011 web database
(www.arb.ca.gov/emfac). Users are required to select the following options:
 Data Type: Emission Rates
 Region Type: Statewide Average, Air Basin, Air District, MPO, County, SubArea (GAI)
 Region (based on Region Type selection)
 Calendar Year
 Season
 Vehicle Category scheme (EMFAC2011 or EMFAC2007)
 Vehicle Type (based on Vehicle Category scheme selection)
 Model Year
 Speed (select “Combined” Speeds option)
 Fuel
See Exhibit 5-20 for additional input guidance. In addition, guidance for using
EMFAC2011-LDV applies to the Region, Region Type, Calendar Year and Season
selections for PM hot-spot analyses; see Section 5.5 for details.
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Exhibit 5-20. PM Brake Wear and Tire Wear (PMBW/PMTW) Em
E
Emission
mission
ission Rates for
EMFAC2011-HD
HD Vehicle
Vehicless (Detailed Approach)75

75

Exhibit is the same as in CAR
CARB’s
B’s EMFAC2011 “Handbook for Project-level
Pr
level Analy
Analyses” for consistency
purposes. Users may find that the checkboxes now may be menu selections.
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5.8.3

Obtaining EMFAC
EMFAC2011-HD
2011 HD vehicle idling exhaust emission ra
rattes

The general methodology for generating Idling Exhau
Exhaust
st Emission Rates
Rates (IDLEX) for
EMFAC2011-HD vehicles
ehicles using the detailed approach is shown in Ex
Exh
hibit
ibit 55-21.
Exhibit 5-21. Obtaining Idling (IDLEX) Emission Rates for EMFA
EMF
EMFAC2011
AC2011-HD
C2011
Vehicles (Detailed Appr
Approoach)
ach)

The emission rates are ava
available
available
ilable in an Excel spreadsheet that can be dow
do
downloaded
wnloaded from the
web at www.arb.ca.gov/m
www.arb.ca.gov/msei/emfac2011_idling_emission_rates.xlsx.
sei/emfac2011_idling_emission_rates.xlsx
provides
provides
ovides idling emission rates for EMFAC201
EMFAC2011
1-HD vehicle
 The spreadsheet pr
categories (Diesel Vehicles classes for T6/MHDT, T7/HHDT,
7/HHDT, OBUS,
OBUS, and
SBUS).
 Emission rates are in grams/hour
 Emission rates are corrected for cleaner fuel, but not for retrofi
retrofitt requirements of
the idling rule.
 HD Idling emission
emission rates are available for two geographic areas
area
areas:
s:: (1) the South
Coast Air Basin an
and
d the South Central Coast (Ventura County) Air Basin; and (2)
all other areas.
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Specific idling emission rates can be selected by selecting select the “Filter” function
from the “Data” menu and then selecting the following from the drop-down menus:
 By Calendar Year
 By Season
 By Vehicle Class
 By Fuel Type
 By Model Year
Idle rates are available for annual, winter, or summer periods. Depending on the season,
assumptions are made about the engine load based on the expected use of heaters, air
conditioners, and other vehicle accessories. The annual average rate should not be used,
as it is a simple composite of both winter and summer rates. Instead, users may either
select the most conservative emission rate (usually winter), or emission rates from
summer (S) and winter (W) can be paired with activity on a seasonal basis. Users may
consult with the Section 7 of the guidance for information on how seasonal variation in
emission rates impacts the air quality modeling procedures.
If project-specific engine loads are known for idling vehicles, CARB has created
supplemental guidance that, off-model, provides MHDDT and HHDDT emission rates
for activity that CARB has termed “high idle” and “low idle.”76 Low idle (sometimes
also called “curb idle”) involves short-term idling with engine speeds of 800 rpm or less
and no accessory loading. High idle is idling over an extended period of time with
engine speeds over 800 rpm, usually involving the use of heaters, air conditioners, or
other vehicle accessories. If the project under evaluation involves either MHDDT or
HHDDT vehicle types and the user has detailed information about the fleet (vehicle
model years and the amount of time spent in low and high idle, in particular), the
information from this supplemental guidance may be used to obtain more specific idle
emission factors for MHDDT and HHDDT than those available in the web-based
spreadsheet.
5.8.4

Obtaining EMFAC2011-HD vehicle start exhaust emission rates

Since EMFAC2011-HD does not contain any start rates for any vehicle type in the
module (they are all diesel vehicles), the approach described in Section 5.6.4 should be
used to estimate a start rate for these vehicle types. Note that idling emissions (and
therefore start emissions) will vary between EMFAC2011-HD vehicle types; care should
be taken to ensure rates are matched to the correct vehicle type and that starts for all
appropriate vehicle types are accounted for.

76

For MHDDT rates, see Table 11-5 of the EMFAC2011 Technical Documentation, available through
CARB online at: www.arb.ca.gov/msei/modeling.htm. For HHDDT rates, see pages 13-15 of the EMFAC
Modeling Change Technical Memo, “Revision of Heavy Duty Diesel Truck Emissions Factors and Speed
Correction Factors” (original and amendment), October 20, 2006; available at:
www.arb.ca.gov/msei/supportdocs.htm#onroad.
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5.8.5

Diesel retrofits in EMFAC2011

Regarding diesel engine retrofits, benefits from the retrofits contained in the Truck and
Bus Rule are already included in the appropriate EMFAC2011 emission rates. Only
retrofits not included in EMFAC2011 are potentially eligible for consideration outside of
the model. Any issues regarding the models and associated methods and assumptions for
the inclusion of state control measures in PM hot-spot analyses must be considered
through the process established by each area’s interagency consultation procedures (40
CFR 93.105(c)(1)(i)).77

5.9

USING THE DETAILED APPROACH FOR PROJECTS CONTAINING BOTH
LIGHT-DUTY AND HEAVY-DUTY VEHICLES

Individual projects will often have a mix of vehicle types that varies from the regional
average fleet mix. A common practice in California is to define, for emissions purposes,
“truck” activity as being comprised of all activity associated with what EMFAC identifies
as medium-duty and heavier vehicles. In addition, travel activity data typically identify
“trucks” in a general sense, without regard to their fuel type. A useful spreadsheet
showing vehicle class mapping between trucks/non-trucks and the EMFAC2007 and
EMFAC2011 vehicle categories can be found on CARB’s website:
www.arb.ca.gov/msei/vehicle-categories.xlsx. To obtain a single aggregate link emission
rate for a detailed analysis, users should properly weight together summary rates from
EMFAC2011-LDV and EMFAC2011-HD as described below.
For the light-duty (“non-truck”) fleet, users will need to adjust the project fleet and fleet
activity (VMT, trips) to reflect the expected project fleet mix for each EMFAC2011-LDV
run. Depending on the project, users should modify some combination of VMT (which
affects running exhaust emission factors), vehicle trips (which affects starting emission
factors), and/or vehicle population (which affects running and idling emission factors).
Typically, users should adjust the EMFAC2011-LDV VMT defaults to “zero-out” all
non-light-duty vehicle classes (demonstrated in Section 5.7.3.) Running the model will
produce an aggregate light duty-only emission rate for the appropriate light-duty vehicle
classes.
To estimate an aggregate emission rate for heavy-duty (“truck”) vehicle classes, it is
recommended that ARB’s web database be used. As described in Section 5.8, emission
rates and default VMT can be obtained for each heavy-duty vehicle type. For a detailed
analysis where a project-specific age distribution is known, emission rates should be
queried for each heavy-duty vehicle type and vehicle age. A spreadsheet program can be
used to properly weight the heavy-duty vehicle types to correctly account for the project
77
For information about quantifying the benefits of retrofitting diesel vehicles and engines to conformity
determinations, see EPA’s website for the most recent guidance on this topic:
www.epa.gov/otaq/stateresources/transconf/policy.htm. Also, see CARB’s website at:
www.arb.ca.gov/msprog/onrdiesel/calculators.htm.
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specific age distribution. If a detailed heavy-duty vehicle mix is not known (i.e., only a
heavy-duty/light-duty split is known), the default VMT reported by the online emission
rate database can be used to properly weight together all heavy-duty vehicle classes into a
single aggregate heavy-duty emission rate. Users can contact ARB if they have questions
or need additional information about this process.
Once aggregate light-duty and heavy-duty emission rates have been calculated for each
link, they should be weighted together based on the link specific light-duty and heavyduty vehicle mix. The resulting emission rate for each link can be used in dispersion
modeling.
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Section 6: Estimating Emissions from Road Dust,
Construction, and Additional Sources
6.1

INTRODUCTION

This section provides guidance on how to estimate re-entrained road dust and
transportation-related construction dust emissions. MOVES and EMFAC do not estimate
emissions of road or construction dust, so this section must be consulted if dust is
required to be included in the PM hot-spot analysis. See Section 2.5 for further
information regarding when dust emissions are required to be included in a PM hot-spot
analysis. This section also includes information on quantifying emissions from
construction vehicles and equipment and additional sources in the project area, when
applicable. The models and associated methods and assumptions used in estimating these
emissions must be evaluated and chosen through the process established by each area’s
interagency consultation procedures (40 CFR 93.105(c)(1)(i)).

6.2

OVERVIEW OF DUST METHODS AND REQUIREMENTS

In summary, road or construction dust can be quantified using EPA’s AP-42 method or
alternative local methods. AP-42 is EPA’s compilation of data and methods for
estimating average emission rates from a variety of activities and sources from various
sectors. Refer to EPA’s website (www.epa.gov/ttn/chief/ap42/index.html) to access the
latest version of AP-42 sections and for more information about AP-42 in general. The
sections of AP-42 that address emissions of re-entrained road dust from paved and
unpaved roads and emissions of construction dust are found in AP-42, Chapter 13,
“Miscellaneous Sources.” The key portions of the chapter include:
 Section 13.2: “Introduction to Fugitive Dust Sources,”
 Section 13.2.1: “Paved Roads”
 Section 13.2.2: “Unpaved Roads”
 Section 13.2.3: “Heavy Construction Operations” (includes road construction)
Users should consult EPA’s website to ensure they are using the latest approved version
of AP-42, as the methodology and procedures may change over time.78
In addition to the latest version of AP-42, alternative local methods can be used for
estimating road or construction dust; in some areas, these methods may already exist and
can be considered for use in quantitative PM hot-spot analyses.
This section presumes users already have a basic understanding of how to use AP-42 or
other dust methods.

78

This guidance is applicable to current and future versions of AP-42, unless otherwise noted by EPA in
the future.
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6.3

ESTIMATING RE-ENTRAINED ROAD DUST

6.3.1

PM2.5 nonattainment and maintenance areas

The transportation conformity rule requires a hot-spot analysis in a PM2.5 nonattainment
and maintenance area to include emissions from re-entrained road dust only if emissions
from re-entrained road dust are determined to be a significant contributor to the PM2.5
nonattainment problem. See Section 2.5 for further information.
6.3.2

PM10 nonattainment and maintenance areas

Re-entrained road dust must be included in all PM10 hot-spot analyses. EPA has
historically required road dust emissions to be included in all conformity analyses of
direct PM10 emissions – including hot-spot analyses. See Section 2.5 for further
information.
6.3.3

Using AP-42 for road dust on paved roads

Section 13.2.1 of AP-42 provides a method for estimating emissions of re-entrained road
dust from paved roads for situations for which silt loading, mean vehicle weight, and
mean vehicle speeds on paved roads fall within ranges given in AP-42, Section 13.2.1.3
and with reasonably free-flowing traffic (if the project doesn’t meet these conditions, see
Section 6.3.5, below). Section 13.2.1 of AP-42 contains predictive emission factor
equations that can be used to estimate an emission factor for road dust. This section can
be downloaded from EPA’s website at: www.epa.gov/ttn/chief/ap42/ch13/index.html.
When estimating emissions of re-entrained road dust from paved roads, site-specific silt
loading data must be consistent with the data used for the project’s county in the regional
emissions analysis (40 CFR 93.123(c)(3)). In addition, if the project is located in an area
where anti-skid abrasives for snow-ice removal are applied, information about their use
should be included (e.g., the number of times such anti-skid abrasives are applied).
6.3.4

Using AP-42 for road dust on unpaved roads

Section 13.2.2 of AP-42 provides a method for estimating emissions of re-entrained road
dust from unpaved roads. Different equations are provided for vehicles traveling
unpaved surfaces at industrial sites and vehicles traveling on publicly accessible roads.
Most PM hot-spot analyses will involve only vehicles traveling on publicly accessible
roads. When applying an equation that accounts for surface material moisture content,
the percentage of surface material moisture must be consistent with the data used for the
project’s county in the regional emissions analysis (40 CFR 93.123(c)(3)).
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6.3.5

Using alternative local approaches for road dust

Some PM areas have historically used locally-developed methods for estimating reentrained road dust emissions that may be more appropriate than the AP-42 methods
given specific local conditions. Other areas may develop alternatives in the future.
Also, an alternative method could be used if the equations in AP-42 do not apply
to a particular project, as they were developed using a particular range of source
conditions. Section 13.2.1 of AP-42 currently states that users should use caution
when applying the 13.2.1 equation outside of the range of variables and operating
conditions specified. In these cases, users are encouraged to consider alternative
methods that can better reflect local conditions.

6.4

ESTIMATING TRANSPORTATION-RELATED CONSTRUCTION DUST

6.4.1

Determining whether construction dust must be considered

Construction-related PM2.5 or PM10 emissions associated with a particular project are
required to be included in hot-spot analyses only if such emissions are not considered
temporary as defined in 40 CFR 93.123(c)(5) (see Section 2.5.5). The following
discussion includes guidance only for construction-related dust emissions; any other
construction emissions (e.g., exhaust emissions from construction equipment) would need
to be calculated separately, as discussed in Section 6.6.
6.4.2

Using AP-42 for construction dust

Section 13.2.3 of AP-42 describes how to estimate emissions of dust from construction of
transportation projects. This section can be downloaded from EPA’s website at:
www.epa.gov/ttn/chief/ap42/ch13/index.html. Section 13.2.3 of AP-42 indicates that a
substantial source of construction-related emissions could be from material that is tracked
out from the site and deposited on adjacent paved streets. Therefore, AP-42 states that
persons developing construction site emission estimates need to consider the potential for
increased adjacent emissions from off-site paved roadways; users should refer to the
discussion regarding paved roads in Section 6.3.3.
6.4.3

Using alternative approaches for construction dust

Some PM nonattainment or maintenance areas have historically used alternative methods
for estimating construction dust that may be more appropriate than AP-42, given specific
local conditions. Other areas may develop alternatives in the future.
Also, an alternative method may be more appropriate if the project’s conditions – such as
surface material silt and moisture content percentages, mean vehicle weight and speed –
are not within the ranges of source conditions that were tested in developing the
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equations. In such cases, users may consider alternative methods that are more
appropriate for local conditions.

6.5

ADDING DUST EMISSIONS TO MOVES/EMFAC MODELING RESULTS

Emission factors for road and construction dust should be added to the emission factors
generated for each link by MOVES or EMFAC (in California). Once this data is
available, the user can move on to Section 7 to develop input files for the appropriate air
quality model.

6.6

ESTIMATING ADDITIONAL SOURCES OF EMISSIONS IN THE PROJECT
AREA

6.6.1

Construction-related vehicles and equipment

In certain cases, emissions resulting from construction vehicles and equipment, including
exhaust emissions as well as dust, must be included in an analysis; refer to Section 2.5.5
for more information on when to include such emissions. State and local air agencies
may have quantified these types of emissions for the development of SIP non-road
mobile source inventories, and related methods should be considered for PM hot-spot
analyses. Evaluating and choosing models and associated methods and assumptions for
quantifying construction-related emissions must be determined through an area’s
interagency consultation procedures (40 CFR 93.105(c)(1)(i)).
6.6.2

Locomotives

EPA has developed guidance to quantify locomotive emissions when they are a
component of a transit or freight terminal or otherwise a source in the project area being
modeled. See Appendix I for further general guidance, resources, and examples.
6.6.3

Additional emission sources

When applicable, additional sources need to be estimated and included in air quality
modeling, as described in Section 8.
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Section 7: Selecting an Air Quality Model, Data Inputs, and
Receptors
7.1

INTRODUCTION

This section describes the recommended air quality models, data inputs, and receptor
considerations for PM hot-spot analyses. This guidance is consistent with the conformity
rule and recommendations for air quality modeling in EPA’s “Guideline on Air Quality
Models” (Appendix W to 40 CFR Part 51).
Regardless of the model used, the quality of a model’s predictions depends on
appropriate input data, proper formatting, model setup, quality assurance, and other
assumptions. As noted in Section 2, air quality modeling for PM hot-spot analyses must
meet the conformity rule’s general requirements for such analyses (40 CFR 93.123(c))
and rely on the latest planning assumptions available when the conformity analysis
begins (40 CFR 93.110).
This section presumes that users already have a basic understanding of air quality models
and their operation. EPA has also included additional details on air quality modeling in
Appendix J of this guidance. The models in this section, user guides, and supporting
documentation are available through EPA’s Support Center for Regulatory Air Models
(SCRAM) website at: www.epa.gov/scram001. Project sponsors conducting PM hot-spot
analyses will need to refer to the latest user guides and available guidance for complete
instructions.

7.2

GENERAL OVERVIEW OF AIR QUALITY MODELING

Air quality models, methods, and assumptions need to be determined for each PM hotspot analysis through the interagency consultation process (40 CFR 93.105(c)(1)(i)).
Exhibit 7-1 (following page) outlines the basic process for conducting air quality
modeling for a given project. This exhibit depicts the flow of information developed for
air quality modeling (as described in this section), the development of background
concentration estimates (see Section 8), and the calculation of design values and
comparison to the NAAQS (see Section 9).
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Exhibit 7-1. Overview and Data Flow for Air Quality Modeling
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7.3

SELECTING AN APPROPRIATE AIR QUALITY MODEL

7.3.1

Recommended air quality models

PM hot-spot analyses should be developed consistent with EPA’s current recommended
models under Appendix W to 40 CFR Part 51. The purpose of recommending a
particular model is to ensure that the best-performing methods are used in assessing PM
impacts from a particular project and are employed in a consistent fashion.79 Exhibit 7-2
summarizes the recommended air quality models for PM hot-spot analyses for required
projects under 40 CFR 93.123(b)(1).
Exhibit 7-2. Summary of Recommended Air Quality Models
Type of Project

Recommended Model

Highway and intersection projects

AERMOD, CAL3QHCR

Transit, freight, and other terminal projects

AERMOD

Projects that involve both highway/intersections
and terminals, and/or nearby sources*

AERMOD

* Note that “nearby sources” refers to those sources that (1) are not part of the project but are affected by
the project or (2) are sources in the project area whose emissions are not adequately captured by the
selected background concentrations. See Section 8.2 for more information.

The American Meteorological Society/EPA Regulatory Model (AERMOD) is EPA’s
recommended near-field dispersion model for many regulatory applications. EPA
recommended AERMOD in a November 9, 2005 final rule that amended EPA’s
“Guideline on Air Quality Models” after more than ten years of development and peer
review that resulted in substantial improvements and enhancements.80 AERMOD
includes options for modeling emissions from volume, area, and point sources and can
therefore model the impacts of many different source types, including highway and
transit projects. In addition, EPA conducted a study to evaluate AERMOD and other air
quality models in preparation for developing this guidance and the study supported

79

The best performing model is one that best predicts regulatory design values for a particular pollutant.
EPA’s “Protocol for Determining the Best Performing Model” (EPA-454/R-92-025) defines operational
and statistical criteria for this evaluation. According to the document: “For a pollutant…for which shortterm ambient standards exist, the statistic of interest involves the network-wide highest concentration…the
precise time, location, and meteorological condition is of minor concern compared to the magnitude of the
highest concentration actually occurring.”
80
The final rule can be found at: www.epa.gov/scram001/guidance/guide/appw_05.pdf. Extensive
documentation is available on EPA’s SCRAM website describing the various components of AERMOD,
including user guides, model formulation, and evaluation papers. See:
www.epa.gov/scram001/dispersion_prefrec.htm#aermod.
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AERMOD’s use.81 To date, AERMOD has already been used to model air quality near
roadways, other transportation sources, and other ground-level sources for regulatory
applications by EPA and other federal and state agencies.82
CAL3QHCR is an extension of the CAL3QHC model, which is the model recommended
for use in analyzing CO impacts from intersections.83 In addition, CAL3QHCR
incorporates enhancements to process up to a year of meteorological data and emissions
data that vary by day of week and hour of day. It is appropriate to use CAL3QHCR for
PM hot-spot modeling for specified projects; however, its queuing algorithm should not
be used.
Both the AERMOD and CAL3QHCR models (and related documentation) can be
obtained through EPA’s SCRAM website. OAQPS maintains the SCRAM website and
maintains, codes, and supports AERMOD on an ongoing basis. Modelers should
regularly check this website to ensure use of the latest regulatory version. CAL3QHCR
is not maintained by EPA and is no longer updated; therefore, technical support for the
model code is not available through OAQPS. However, EPA will provide technical
support for implementing AERMOD and the current version of CAL3QHCR for PM hotspot analyses completed with this guidance.
Appendix J includes important additional information about configuring AERMOD and
CAL3QHCR when using these models to complete PM hot-spot analyses. In the future,
it is possible that other recommended models will become available.
Highway and Intersection Projects
Some projects may consist exclusively of highways and intersections, with little or no
emissions coming from extended idling, non-road engine operations, or modeled nearby
sources (see more below). Both AERMOD and CAL3QHCR are recommended air
quality models for these types of projects.84 When using CAL3QHCR for such highway
and intersection projects, its queuing algorithm should not be used. As discussed in
Sections 4 and 5, as well as in Appendix D, idling vehicle emissions should instead be
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Hartley, W.S.; Carr, E.L.; Bailey, C.R. (2006). Modeling hotspot transportation-related air quality
impacts using ISC, AERMOD, and HYROAD. Proceedings of Air & Waste Management Association
Specialty Conference on Air Quality Models.
82
For example, EPA used AERMOD to model concentrations of nitrogen dioxide (NO 2) as part of the 2008
Risk and Exposure Assessment for revision of the primary NO2 NAAQS. Also, other agencies have used
AERMOD to model PM and other concentrations from roadways (represented as a series of area sources)
for purposes of NEPA and CAA analyses.
83
CAL3QHC is a CALINE3-based screening model with a traffic model to calculate delays and queues at
signalized intersections; CAL3QHCR is a refined model based on CAL3QHC that requires local
meteorological data. The CAL3QHCR’s User Guide (“User’s Guide to CAL3QHC Version 2.0: A
Modeling Methodology for Predicting Pollutant Concentrations Near Roadway Intersections”) can be
found at: www.epa.gov/scram001.
84
Appendix W to 40 CFR Part 51 describes both AERMOD and CAL3QHCR as being appropriate for
modeling line sources. For further background, see Sections 3.0, 4.0, 5.0, and 8.0 of Appendix W, as well
as Appendix A to Appendix W of 40 CFR Part 51.
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accounted for by properly specifying links for emission analysis and reflecting idling
activity in the activity patterns used for MOVES or EMFAC modeling.
Note: Users should be aware that, to handle quarterly emissions and multiple years of
meteorological data, AERMOD and CAL3QHCR need different numbers of input files
and runs. AERMOD can handle quarterly variations in emissions and multiple years of
meteorological data using a single input file and run. In contrast, CAL3QHCR can
handle only one quarter’s emissions and one year of meteorological data at a time. See
further information in Section 7.5.3.
Transit and Other Terminal Projects
Other projects may include only transit or freight terminals and transfer points where a
large share of total emissions arise from engine start and idling emissions or from nonroad engine activity. AERMOD is the recommended air quality model for these types of
projects.
Projects that Involve Both Highway/Intersection and Terminal Projects, and/or Nearby
Sources
There may be some projects that are a combination of the “highway and intersection” and
“transit and freight terminal” project types. AERMOD is the recommended model for
these projects. As a general recommendation, if AERMOD is used for modeling any
source associated with the project, it should be the only air quality model used for the PM
hot-spot analysis.85 There may be other cases where the project area also includes a
nearby source that is affected by the project, and as a result, needs to be modeled to
account for background concentrations around the project (e.g., locomotives at a nearby
freight terminal or marine port). In these cases, AERMOD should be used for the project
and any such nearby sources. In general, it should be unnecessary to include nearby
sources in air quality modeling if they are not affected by the project (assuming the
impacts of such sources are adequately accounted for in the selected representative
background concentrations). See Section 8.2 for further information on nearby sources.

85

There are several reasons for this recommendation. First, AERMOD is flexible in how different sources
are represented, while CAL3QHCR represents all sources as “line sources” (see Section 7.3.2). Second,
AERMOD allows a much wider number of receptors and sources to be modeled simultaneously, which is
useful for large projects with different source configurations. Third, AERMOD’s treatment of dispersion in
the lower atmosphere is based on more current atmospheric science than CAL3QHCR. Furthermore, the
use of a single model, rather than multiple models, is recommended to avoid the need to run the same
meteorological data through different preprocessors (AERMET, MPRM), avoid different receptor networks
for different sources, reduce the number of atmospheric modeling runs required to analyze a project, avoid
the use of different modeling algorithms that perform the same task, and reduce double-counting or other
errors.
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7.3.2

How emissions are represented in CAL3QHCR and AERMOD

Both CAL3QHCR and AERMOD simulate how pollutants disperse in the atmosphere.
To do so, the models classify emission sources within a project as line, volume, area, and
point sources:
 Line sources are generally linear emission sources, which can include highways,
intersections, and rail lines. They are directly-specified in the CAL3QHCR input
file using road link coordinates. AERMOD can simulate a highway “line source”
using a series of adjacent volume or area sources (see the AERMOD User Guide
and the AERMOD Implementation Guide for suggestions).86
 Volume sources (used in AERMOD only) are three-dimensional spaces from
which emissions originate. Examples of sources that could be modeled as volume
sources include areas designated for truck or bus queuing or idling (e.g., offnetwork links in MOVES), driveways and pass-throughs in bus terminals, and
locomotive activity at commuter rail or freight rail terminals.87
 Area sources (used in AERMOD only) are flat, two-dimensional surfaces from
which emissions arise (e.g., parking lots).
 Point source emissions (used in AERMOD only) emanate from a discrete location
in space, such as a bus garage or transit terminal exhaust stack.
Each of these source types may be appropriate for representing different sources in a PM
hot-spot analysis. For example, highways may be modeled as line sources in
CAL3QHCR, but they may also be modeled as a series of adjoining volume or area
sources in AERMOD, as described below. Using another example, an exhaust vent from
a bus garage might be best represented as a point source, area source, or volume source,
depending on its physical characteristics. Project sponsors should consult with the most
recent user guides for air quality models to determine the most appropriate way to
represent a particular source within a model. Appendix J includes additional specific
information for modeling highway and transit projects.
7.3.3

Alternate models

In limited cases, an alternate model for use in a PM hot-spot analysis may be considered.
As stated in Section 3.2 of Appendix W, “Selection of the best techniques for each
individual air quality analysis is always encouraged, but the selection should be done in a
consistent manner.” This section of Appendix W sets out objective criteria by which
alternate models may be considered.
Analyses of individual projects are not expected to involve the development of new air
quality models. However, should a project sponsor seek to employ a new or alternate
model for a particular transit or highway project, that model must address the criteria set
forth in Section 3.2 of Appendix W. Determining model acceptability in a particular
86

The AERMOD Implementation Guide is updated on a periodic basis. The latest version is posted on the
SCRAM web site at: www.epa.gov/ttn/scram/dispersion_prefrec.htm#aermod.
87
See Appendix I for information on estimating locomotive emissions.
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application is an EPA Regional Office responsibility involving consultation with EPA
Headquarters, when appropriate.

7.4

CHARACTERIZING EMISSION SOURCES

Characterizing sources is the way in which the transportation project’s features and
emissions are represented within an air quality model. In order to determine the
concentrations downwind of a particular emission source, an air quality model needs to
have a description of the sources, including:
 Physical characteristics and location;
 Emission rates/emission factors; and
 Timing of emissions.
There may be several different emission sources within the project area. Sections 4 and 5
describe how a project can be characterized into different links, which will each have
separate emission rates to be used in air quality modeling. Sections 6 and 8.2 outline how
nearby source emissions, when present, can be characterized to account for emissions
throughout the project area. Properly characterizing all of these distinct sources within
the PM hot-spot analysis will help ensure that the locations with the greatest impacts on
PM air quality concentrations are identified.
This section describes the major elements needed to characterize a source properly for
use in an air quality model.
7.4.1

Physical characteristics and location

When modeling an emission source, its physical characteristics and location need to be
described using the relevant model’s input format, as described in the appropriate user
guide. Sources with the same emission rate but with different physical characteristics
may have different impacts on predicted concentrations.
Refer to Appendix J of this guidance and to the user guides for CAL3QHCR and
AERMOD for specific information about how physical characteristics and location of
sources are included in these models.
In addition, for emissions on or near rooftops, such as those from exhaust stacks on
transit or other terminal projects, building downwash can result in higher concentrations
on the downwind side of nearby buildings than would otherwise be present.88 Consult
Appendix J for guidance on when to include building downwash for these projects when
using AERMOD.

88

Building downwash occurs when air moving over a building mixes to the ground on the downwind side
of the building.
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7.4.2

Emission rates/emission factors

The magnitude of emissions within a given time period or location is a necessary
component of dispersion modeling. For motor vehicles, MOVES-based emission rates
are required in all areas other than the state of California, where EMFAC-based emission
rates are required, as described in Sections 4 and 5, respectively. For road and
construction dust, emission factors from AP-42 or a local method are required, as
described in Section 6. For nearby sources, the appropriate emission rates should also be
estimated, as described in Sections 6 and 8.2.
CAL3QHCR and AERMOD accept emission rates in different formats. For highways
and intersections, CAL3QHCR needs emissions to be specified in grams/vehicle-mile
traveled (grams/mile).89 AERMOD needs emission rates in grams/hour (or
grams/second). When employing area sources with AERMOD (e.g., parking lots),
emission rates must be specified in grams/second per unit area.
7.4.3

Timing of emissions

The proper description of emissions across time of year, day of week, and hour of day is
critical to the utility of air quality modeling.90 Sections 4 and 5 describe how to account
for different periods of the day in emissions modeling with MOVES and EMFAC. This
approach is then applied to air quality modeling to estimate air quality concentrations
throughout a day and year. As described in Section 3.3.4, air quality modeling for the
annual PM2.5 NAAQS would involve data and modeling for all four quarters of the
analysis year; air quality modeling for the 24-hour PM NAAQS may involve all four
quarters, or one quarter in certain circumstances.
Sections 4 and 5 and Appendix J describe how results from MOVES and EMFAC should
be prepared for use as inputs in both AERMOD and CAL3QHCR.

7.5

INCORPORATING METEOROLOGICAL DATA

7.5.1

Finding representative meteorological data

One of the key factors in producing credible results in a PM hot-spot analysis is the use
of meteorological data that is as representative as possible of the project area.
Meteorological data are necessary for running either AERMOD or CAL3QHCR because
meteorology affects how pollutants will be dispersed in the lower atmosphere. The
following paragraphs provide an overview of the meteorological data needed and sources
of this data. More detailed information can be found in Appendix J and in model user
89

CAL3QHCR uses the hourly volume of vehicles on each road link and the emission factor (in
grams/mile) for the vehicles on each link to calculate time-specific emission rates for use in air quality
modeling. As described in Sections 4 and 5, the idle emission factor inputs in CAL3QHCR should not be
used in a PM hot-spot analysis.
90
The timing of emissions in AERMOD is described in Section 3.3.5 of the AERMOD User Guide.
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and implementation guides. EPA’s SCRAM web site also contains additional
information, including additional guidance, archived meteorological data (which may be
suitable for some analyses), and links to data sources.
Meteorological data is used by air quality dispersion models to characterize the extent of
wind-driven (mechanical) and temperature-driven (convective) mixing in the lower
atmosphere throughout the day.91 For emissions near the ground, as is common in
transportation projects, dispersion is driven more by mechanical mixing, but temperaturedriven mixing can still have a significant impact on air quality. As a source’s plume
moves further downwind, temperature-driven mixing becomes increasingly important in
determining concentrations.
Depending on the air quality model to be used, the following types of information are
needed to characterize mechanical and convective mixing:
 Surface meteorological data, from surface meteorological monitors that measure
the atmosphere near the ground (typically at a height of 10 meters—see Section
7.5.2);
 Upper air data on the vertical temperature profile of the atmosphere (see Section
7.5.2);
 Data describing surface characteristics, including the surface roughness, albedo,
and Bowen ratio (see Section 7.5.4); and
 Population data to account for the “urban heat island effect” (see Section 7.5.5).
Project sponsors may want to first consult with their respective state and local air quality
agencies for any representative meteorological data for the project area. In addition,
some state and local air agencies may maintain preprocessed meteorological data suitable
for use in PM hot-spot analyses. Interagency consultation can be used to determine
whether preprocessed meteorological data are available, which could reduce time and
resources for PM hot-spot analyses.
To format meteorological data appropriately and prepare them for use in air quality
models, EPA maintains meteorological processing software on the SCRAM website.92
These programs produce input data files that the air quality models read to produce
calculations of atmospheric dispersion. AERMOD and CAL3QHCR employ different
meteorological preprocessing programs. AERMET is the meteorological preprocessor
for AERMOD. The Meteorological Processor for Regulatory Models (MPRM) program
is the meteorological preprocessor for CAL3QHCR. User guides for both AERMET and
MPRM should be consulted for specific instructions.
The meteorological data used as an input to an air quality model should be selected on the
basis of geographic and climatologic representativeness and how well measurements at
91

Mechanical turbulence arises when winds blow across rough surfaces. When wind blows across areas
with greater surface roughness (roughness length), more mechanical turbulence and mixing is produced.
Temperature-driven mixing is driven by convection (e.g., hot air rising).
92
These programs and their user guides may be downloaded from the SCRAM website at:
www.epa.gov/scram001/metobsdata_procaccprogs.htm.
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one site represent the likely transport and dispersion conditions in the area around the
project. The representativeness of the data depends on factors such as:
 The proximity of the project area to the meteorological monitoring site;
 The similarity of the project area to the meteorological monitoring site in surface
characteristics (particularly surface measurements);
 The time period of data collection;
 Topographic characteristics within and around the project area; and
 Year-to-year variations in weather conditions (hence, a sufficient length of
meteorological data should be employed, as discussed in Section 7.5.3 and
Appendix J).
The AERMOD Implementation Guide provides up-to-date information and
recommendations on how to judge the representativeness of meteorological data. 93
Modelers should consult the most recent version of the AERMOD Implementation Guide
for assistance in obtaining and handling meteorological information. Although intended
for users of AERMOD, its recommendations for how to assess the representativeness of
meteorological data apply to analyses employing CAL3QHCR as well.
7.5.2

Surface and upper air data

Surface Data
Air quality models need representative meteorological data from a near-ground surface
weather monitoring station (“surface data”). Models have minimum needs for surface
observations. For example, when using National Weather Service (NWS) data to
produce meteorological input files for AERMOD, the following surface data
measurements are needed:
 Wind vector (speed and direction);
 Ambient temperature; and
 Opaque sky cover (or, in the absence of opaque sky cover, total sky cover).
Station barometric pressure is recommended, but not needed (AERMET includes a
default value in the absence of such data).
When processing data using MPRM for use in CAL3QHCR, information on stability
category is also needed. MPRM estimates stability internally. Alternatively, when using
NWS data, the calculation needs:
 Wind speed and direction;
 Ceiling height; and
 Cloud cover (opaque or total).
For details, refer to the AERMET or MPRM user guides on the SCRAM website.94

93
94

See www.epa.gov/scram001/dispersion_prefrec.htm#aermod.
See www.epa.gov/scram001/metobsdata_procaccprogs.htm.
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Upper Air Data
Upper air soundings measure gradients of vertical temperature in the atmosphere. The
vertical temperature gradients of the lower atmosphere are used by air quality models to
calculate convective mixing heights. Models need upper air sounding data from a
representative measurement site. For AERMOD, consult the AERMOD Implementation
Guide for specific recommendations. For CAL3QHCR, consult the MPRM user guide.
Obtaining Surface and Upper Air Meteorological Data
Meteorological data that is most representative of the project area should always be
sought. Meteorological data that can be used for air quality modeling are routinely
collected by the NWS. Other organizations, such as the FAA, local universities, military
bases, industrial facilities, and state and local air agencies may also collect such data.
Project sponsors may also choose to collect site-specific data for use in PM hot-spot
analyses, but it is not necessary to do so. If site-specific data are used, it should be
obtained in a manner consistent with EPA guidance on the topic.95
There are several locations where such data can be obtained. The National Oceanic and
Atmospheric Administration’s National Climatic Data Center (NCDC) contains many
years of archived surface and upper air data (www.ncdc.noaa.gov) from NWS and other
sources. In addition, EPA’s SCRAM web site contains archived surface and upper air
data from several sources, including NWS, as well as internet links to other data sources.
Some states can provide processed meteorological data for use in regulatory air quality
modeling applications. Other local agencies and institutions may also provide
meteorological data, as described above.
7.5.3

Time duration of meteorological data record

PM hot-spot analyses can be based on either off-site or site-specific meteorological data.
When using off-site data, five consecutive years of the most recent representative
meteorological data should be used.96 Meteorological data files that have been
preprocessed by the relevant state or local air agency may be used, when appropriate. If
meteorological data are collected on the project area prior to analysis, at least one year of
site-specific data is needed. Consult Section 8.3.1 of Appendix W for additional
explanation.
AERMOD and CAL3QHCR have different capabilities for modeling meteorological
data, as illustrated in Exhibit 7-3 (following page). The numbers in the exhibit pertain to
each analysis year and build or no-build scenario analyzed.
95

See Section 8.3.3 in Appendix W to 40 CFR Part 51 (“Site Specific Data”) and the “Monitoring
Guidance for Regulatory Modeling Applications” (www.epa.gov/scram001/metguidance.htm). Other
meteorological guidance documents are also available through SCRAM, including procedures for
addressing missing data and for quality assuring meteorological measurements.
96
As noted above, meteorological data are available through the NCDC website. Meteorological data are
continuously collected by NWS from sources such as airports. Five years of meteorological data are also
routinely used in other dispersion modeling applications.
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Exhibit 7-3. Air Quality Model Capabilities for Meteorological Data for Each
Scenario
Type of Air
Quality Model
AERMOD
CAL3QHCR

Number of Runs with 5
Years of Off-Site
Meteorological Data
1-5
20

Number of Runs with 1 Year
of Site-Specific
Meteorological Data
1
4

AERMOD can model either five years of representative off-site meteorological data (e.g.,
from NWS) or one year of site-specific data in a single run, since the model handles
different emissions within a year and multiple years of meteorological data with a single
input file. This requires a user to externally join meteorological data files before
preprocessing them with AERMET. Alternatively, AERMOD can be run five times, with
one year of meteorological data processed per run.
CAL3QHCR needs different input files for each quarter that is modeled using MOVES or
EMFAC, since CAL3QHCR does not distinguish between emission changes due to
seasonal differences. If site-specific data are collected, CAL3QHCR needs to be run only
four times, once for each quarter. If off-site data are used (e.g., from NWS), modeling
five years of consecutive meteorological data involves five runs of CAL3QHCR for each
quarter, which results in 20 runs for all four quarters.
7.5.4

Considering surface characteristics

In addition to surface and upper air meteorological data, three surface characteristics for
the site of meteorological monitoring are needed for air quality modeling, depending on
the model used:
 The surface roughness length (zo), which indicates how much the surface features
at a given site (e.g., buildings, trees, grass) interrupt a smooth-flowing wind;
 Albedo (r), which is the amount of solar radiation reflected by the surface; and
 Bowen ratio (Bo), which indicates how much heat the ground imparts to the air,
instead of evaporating moisture at the surface.
AERMOD and AERMET make use of these parameters directly. CAL3QHCR and
MPRM do not need data on surrounding surfaces’ albedo or Bowen ratio for modeling
ambient PM concentrations, but surface roughness is an input to CAL3QHCR.97 As
described above, surface characteristics are also used to assess a meteorological
monitor’s representativeness.
The AERMOD Implementation Guide should be consulted for the latest information on
processing land surface data, when using either AERMOD or CAL3QHCR. Although its
recommendations are intended for AERMOD, they also apply to CAL3QHCR with
97

As described in Section 4.2 of its user guide, MPRM makes use of surface roughness in calculating
stability categories.
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meteorological data processed by MPRM.98 More detailed information about each of
these characteristics is found in Appendix J.
Sources of data that can be used to determine appropriate surface characteristics include
printed topographic and land use/land cover (LULC) maps available from the U. S.
Geological Survey (USGS), aerial photos from web-based services, site visits and/or site
photographs, and digitized databases of LULC data available from USGS. For specific
transportation projects, detailed nearby LULC data may be developed as part of project
design and engineering plans. Furthermore, some MPOs have adopted modeling
techniques that estimate the land use impacts resulting from individual highway and
transit projects.
LULC data may only be available for particular years in the past. As such, planning for
modeling should consider how representative these data are for the year when
meteorological data were collected, as well as the PM hot-spot analysis year(s).
The National Land Cover Database (NLCD) is a set of satellite-based land cover
measurements that are updated periodically.99 As of the writing of this guidance,
versions of the NLCD have been released representing calendar years 1992 and 2001,
with five areas/states (New England, Mississippi, South Dakota, Washington, and
Southern California) being updated to reflect 2006. Consult the AERMOD
Implementation Guide for recommendations for using NLCD data when processing
meteorological data.100
In most situations, the project area should be modeled as having flat terrain. However, in
some situations a project area may include complex terrain, such that sources and
receptors included in the model are found at different heights. See Appendix J for
information on handling complex terrain in air quality modeling.
7.5.5

Specifying urban or rural sources

In addition to surface characteristics, night-time dispersion in urban areas can be greater
than in surrounding rural areas with similar surface characteristics as a result of the
“urban heat island effect.”101 After sunset, urban areas cool at slower rates than
surrounding rural areas, because buildings in urban areas slow the release of heat.
Furthermore, the urban surface cover has greater capacity for storing thermal energy due
to the presence of buildings and other urban structures. As a result, the vertical motion of
urban air is enhanced through convection, a phenomenon lacking (or reduced) in rural
98
The CAL3QHCR User Guide does not address preprocessing meteorological data, which is necessary for
PM hot-spot analyses. In the absence of such information, project sponsors should rely on the AERMOD
Implementation Guide when using either dispersion model.
99
This database can be accessed at: www.mrlc.gov.
100
The AERSURFACE model, a non-regulatory component of AERMOD, may also be used to generate
information on surface roughness, albedo, and Bowen ratio. As of this writing, AERSURFACE is based on
the 1992 NLCD. The latest version of AERSURFACE may be accessed via SCRAM
(www.epa.gov/scram001/).
101
The MPRM User Guide refers to the “urban heat island effect” as “anthropogenic heat flux.”
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areas. The magnitude of the urban heat island effect is driven by the urban-rural
temperature difference that develops at night.
The implications for highway and transit projects are that the same emissions in a rural
area will undergo less dispersion than the same source in an urban area, all other factors
(e.g., surface characteristics, meteorology) being equal. For the purposes of a hot-spot
analysis, then:
 In urban areas, sources should generally be treated as urban.
 In isolated rural nonattainment and maintenance areas (as defined by 40 CFR
93.101), sources should be modeled as rural.
 Near the edge of urban areas, additional considerations apply that should be
addressed through the interagency consultation process.102
Modeling sources as urban or rural can have a large impact on predicted concentrations.
Both AERMOD and CAL3QHCR can account for the urban/rural differences in
dispersion. When sources are modeled as urban in AERMOD, the urban area’s
population is a necessary input.
For projects near or beyond the edge of an urbanized area, there may be situations where
the build and no-build scenarios result in different degrees of urbanization. In these
situations, sources in the build scenario might be treated as urban, while in the no-build
they are treated as rural. Local data on such cases may not be universally available,
although some planning agencies have adopted models that may allow the impacts of
projects on population growth to be described. Given the potentially large impact of
modeling sources as either urban or rural, all available information on population growth
in the greater area around the project should be used when modeling projects near or
beyond the edge of an urbanized area.
When using AERMOD, consult the latest version of the AERMOD Implementation
Guide for additional information, including instructions on what type of population data
should be used in making urban/rural determinations. When using CAL3QHCR, consult
Section 7.2.3 of Appendix W for guidance on determining urban sources. Refer to
Appendix J for additional information on how to handle this data for each model.

102

Since the urban heat island is not a localized effect, but regional in character, Section 7.2.3 of Appendix
W recommends that all sources within an “urban complex” be modeled as urban.
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7.6

PLACING RECEPTORS

Note: Section 7.6 has been revised in accordance with EPA’s 2012 PM NAAQS final rule
that was published on January 15, 2013 (78 FR 3264).103
7.6.1 Overview
Receptors for conformity purposes are locations in the project area where an air quality
model estimates future PM concentrations. Section 93.123(c)(1) of the conformity rule
requires PM hot-spot analyses to estimate air quality concentrations at “appropriate
receptor locations in the area substantially affected by the project.” An “appropriate
receptor location” is a location that is suitable for comparison to the relevant PM
NAAQS, consistent with how the PM NAAQS are established and monitored for air
quality planning purposes.104
The paragraphs below provide general guidance for placing receptors for all PM
NAAQS. Placing receptors should take into account project emissions as well as any
modeled nearby sources. Project sponsors should place receptors in the project area for
the relevant NAAQS consistent with applicable requirements. Evaluating and choosing
the models and associated methods and assumptions for placing receptors must be
completed through the process established by each area’s interagency consultation
procedures (40 CFR 93.105(c)(1)(i)). State and local air quality agencies have significant
expertise in air quality planning for the PM NAAQS that may be relevant for PM hotspot analyses.
Receptors can be placed for PM2.5 hot-spot analyses consistent with EPA’s general
guidance for any air quality modeling, as described below; there are no longer special
considerations for receptor placement for either the 24-hour or annual PM2.5 NAAQS.105
As a result, EPA has revised Section 7.6 of this guidance document to remove the
previous additional guidance for placing receptors for hot-spot analyses involving either
PM2.5 NAAQS. In addition, EPA has revised Section 9.4 for determining appropriate
receptor locations for the annual PM2.5 NAAQS.106

103

EPA committed to “review whether there is a need to issue new or revised transportation conformity
guidance in light of this final rule.” (78 FR 3264) EPA is fulfilling this commitment through this guidance
revision. The previous version of Section 7.6 was issued in December 2010, EPA-420-B-10-040.
104
CAA section 176(c)(1)(B) requires that transportation activities do not cause or contribute to new
NAAQS violations, worsen existing NAAQS violations, or delay timely attainment of the NAAQS or
interim milestones in the project area. EPA interprets “NAAQS” in this provision to mean the specific
NAAQS that has been established through rulemaking.
105
The previous PM2.5 monitoring regulations required that air quality monitors for the 24-hour and annual
PM2.5 NAAQS be placed at “population-oriented” locations. This requirement was eliminated from the
monitoring regulations under the 2012 PM NAAQS final rule, and as a result, this is no longer a
consideration for placing receptors for hot-spot analyses for either PM2.5 NAAQS.
106
The 2012 PM NAAQS final rule also resulted in receptors for the annual PM2.5 NAAQS needing to
represent “area-wide” locations, rather than the previous “community-wide air quality” requirement.
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7.6.2 General guidance for receptors for all PM NAAQS
Section 7.2.2 of Appendix W to 40 CFR Part 51 provides guidance on the selection of
critical receptor sites for refined analyses, and recommends that receptor sites be placed
in sufficient detail to estimate the highest concentrations and possible violations of a
NAAQS. The selection of receptor sites for all PM NAAQS should be determined on a
case-by-case basis taking into account project-specific factors that may influence areas of
expected high concentrations, such as prevailing wind directions, monitor locations,
topography, and other factors. In designing a receptor network (e.g., the entire coverage
of receptors for the project area), the emphasis should be placed on resolution and
location, not the total number of receptors. Design of the receptor network should also
consider whether any locations within the project area should be excluded from the
modeling based on a location being restricted from public access or where a member of
the public would normally be present only for a very short period of time. Examples
include locations within a fenced property of a business, a median strip of a highway, a
right-of-way on a limited access highway, or an approach to a tunnel.
As described in Appendix W, air quality dispersion models are more reliable for
estimating the magnitude of highest concentrations somewhere within a specified area
and span of time than in predicting concentrations at a specific place and time.
Therefore, receptors should be sited at all locations at which high concentrations may
occur, rather than simply focusing on the expected worst case location.
Receptor spacing in the vicinity of the source should be of sufficient resolution to capture
the concentration gradients around the locations of maximum modeled concentrations.
The majority of emissions from a highway or transit project will occur within several
meters of the ground, and concentrations are likely to be greatest in proximity of nearground sources. As such, receptors should be placed with finer spacing (e.g., 25 meters)
closer to a near-ground source, and with wider spacing (e.g., 100 meters) farther from
such a source. While prevailing wind directions may influence where maximum impacts
are likely to occur, receptors should also be placed in all directions surrounding a project.
It should not be assumed that the location of maximum concentration will always be
located closest to the project itself. For example, if a highway project consists of a new
bypass that branches off an existing highway with significant emissions, maximum
concentrations may be expected at receptors farther from the project, but closer to the
existing highway.
Receptors should be sited as near as five meters from a source (e.g., the edge of a traffic
lane or a source in a terminal), except possibly with projects involving urban street
canyons where receptors may be appropriate within 2-10 meters of a project.107 In
Although this is not a consideration for placing receptors, it is relevant for interpreting design values for the
annual PM2.5 NAAQS for cases involving unique locations, as described further in Section 9.4.
107
See 40 CFR Part 58, Appendix D, Section 4.7.1(c)(1); Appendix E, Section 6.3(b) and Table E-4. The
interagency consultation process should be used to determine when these provisions are relevant for a given
analysis.
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addition, if AERMOD is used to create a standardized receptor network (e.g., using
AERMOD’s Cartesian or polar grid functions), receptors may inadvertently be placed
within five meters of a project, and subsequently modeled. Such receptors should not be
used when calculating design values in most cases.
Receptors should be placed to capture the impacts of the project and any nearby source
that needs to be modeled. Receptor placement should be extended out to a sufficient
distance from sources to account for emissions that affect concentrations throughout the
project area, depending on the spatial extent of the project and the impacts of other
modeled sources.
EPA recommends that receptors should be sited to represent concentrations near-ground
level, generally at a height of 1.8 meters above grade or less. Receptors should also be
placed at higher elevations if needed to represent concentrations at several heights along
multi-story buildings, such as apartment or office buildings.
When completing air quality modeling for build and no-build scenarios, receptors should
be placed in the same geographic locations in both scenarios so that direct comparisons
can be made between the design values calculated at each receptor. Receptors are first
determined based on the build scenario, and then placed in the same locations in the nobuild scenario (when this scenario is modeled). See Section 9 for further information
regarding calculating design values in a build/no-build analysis and appropriate receptors.

7.7

RUNNING THE MODEL AND OBTAINING RESULTS

After preparing all model inputs, the air quality model should be run to predict
concentrations. Next, background concentrations need to be determined, as described in
Section 8. Finally, the resulting concentrations at receptors should be combined with
background concentrations from other sources to calculate design values, as described in
Section 9.
Note that, before the results of either AERMOD or CAL3QHCR are ready for use in
calculating design values and determining conformity, the data will have to undergo
some post-processing, depending on how the data was run in the models and the NAAQS
being evaluated. See Appendix J for more details.
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Section 8: Determining Background Concentrations from
Nearby and Other Emission Sources
8.1

INTRODUCTION

This section describes how to determine background concentrations for PM hot-spot
analyses. Section 93.123(c)(1) of the conformity rule states that “estimated pollutant
concentrations must be based on the total emissions burden which may result from the
implementation of the project, summed together with future background
concentrations….” Background concentrations do not include the emissions from the
project itself.108 Instead, background concentrations for PM hot-spot analyses involve:
 Nearby sources: These are individual sources other than the highway or transit
project that contribute to ambient concentrations in the project area. Some nearby
sources may be included in the air quality modeling for PM hot-spot analyses,
while other nearby sources can be reflected in representative background
concentrations. In general, nearby sources would be included in air quality
modeling only when those sources would be affected by the project; and
 Other sources: This term is intended to capture the background concentrations in
the project area that are not from the project or any nearby sources that are
modeled.
Further information is provided in Section 8.2 on when to include nearby sources in air
quality modeling and in Section 8.3 on how to include the impact of other sources of
emissions in a future analysis year. It is important to note that nearby sources may only
be present for some PM hot-spot analyses.
This section is consistent with EPA’s “Guideline on Air Quality Models” (Appendix W
to 40 CFR Part 51), which provides the appropriate framework for defining the elements
of background concentrations. Section 8.2.1 of Appendix W states that “background
concentrations are an essential part of the total air quality concentration to be considered
in determining source impacts.”109 Concentrations are expected to vary throughout a PM
nonattainment or maintenance area, resulting from differences in emission sources,
meteorology, terrain, and other factors. EPA believes that meeting Section 93.123(c)(1)
requirements for PM hot-spot analyses will be different from what has occurred
historically for CO hot-spot analyses, due to the fundamental differences between the
contributors to PM and CO pollution and the projects that are required to have
quantitative PM and CO hot-spot analyses. Additional information is provided in Section
8.3 of this guidance.

108

See Sections 4 through 6 for more information on how to estimate project emissions.
Section 8.2.3 recommends for “multi-source areas” that “two components of background should be
determined: contributions from nearby sources and contributions from other sources.”
109
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Evaluating and choosing the models and associated methods and assumptions for nearby
sources and representative background concentrations must be completed through the
process established by each area’s interagency consultation procedures (40 CFR
93.105(c)(1)(i)).
State and local air quality agencies will have the primary expertise on what emission
sources are expected to affect background concentrations, including any nearby sources.
The state or local air agency is likely to have an understanding of the project area and
knowledge about information needed to characterize background concentrations
appropriately, due to experience in developing air quality demonstrations, emission
inventories, and siting air quality monitors for a given NAAQS. The EPA Regional
Office is also a key resource for discussions regarding the air quality monitoring network,
SIP modeling, and other issues.

8.2

NEARBY SOURCES THAT REQUIRE MODELING

Nearby sources are individual sources that contribute PM concentrations to the project
area.110 In general, nearby sources need to be included in air quality modeling only when
those sources would be affected by the project. An example of a project that could affect
nearby sources would be a highway project whose primary purpose is to accommodate
future growth in freight and goods movement; such a project could affect emissions from
related activity at nearby marine ports, rail yards, or intermodal facilities. These types of
nearby sources (that is, those affected by the project) need to be included in air quality
modeling for the PM hot-spot analysis, as described in Section 7, because their emissions
will change between build and no-build scenarios.
EPA anticipates that most PM hot-spot analyses will not involve modeling of nearby
sources that are not affected by the project, such as a stationary source, since these types
of nearby sources would typically be captured in the representative background
concentrations described in Section 8.3.
The following questions can be used by project sponsors, the relevant state or local air
agency, the EPA Regional Office, and other members of the interagency consultation
process to identify any nearby sources that are affected by the project:
 Are there any nearby sources in the project area? If no, then the remainder of
Section 8.2 can be skipped.
 If yes, then:
o Do these sources emit significant levels of emissions that could affect PM
concentrations in the project area?
o Are emissions from any nearby sources expected to differ between the
build and no-build scenarios as a result of the project?
110

Section 8.2.3 of Appendix W describes “nearby sources” more generally as: “All sources expected to
cause a significant concentration gradient in the vicinity of the source or sources under consideration for
emission limit(s) should be explicitly modeled.”
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EPA notes that there may be limited cases where nearby sources not affected by the
project would also need to be included in the modeling for a PM hot-spot analysis.
However, such cases would only occur when these sources are not captured in
background concentrations for the project area. See Section 8.3 for further information
on the factors used to determine representative background concentrations for these
cases.
For example, if a stationary source is located upwind of the project area, representative
background concentrations should include concentrations from such a source whenever
possible. As stated above, state and local air quality agencies and the EPA Regional
Office are key resources in understanding how to characterize nearby sources in PM hotspot analyses, including those nearby sources not affected by the project.
As discussed in Section 7.3, EPA recommends that AERMOD be used for any PM hotspot analyses that involve nearby sources that need to be modeled. The air quality
modeling for nearby sources that would be affected by the project must include any
reasonably expected changes in operation of the nearby source between the build and nobuild scenarios when both scenarios are necessary to demonstrate conformity. Refer to
Section 7 for more information about using AERMOD, placing receptors, and other
information for air quality modeling.
Specific information on emissions from nearby sources should be obtained. The state and
local air agency should be consulted on characterizing nearby sources. In addition,
emission rates and other parameters of nearby sources should be consistent with any
permits approved by the state or local air agency, when applicable. For unpermitted
sources, emission information should be consistent with information used by air agencies
for developing emission inventories for regulatory purposes. Sections 8.1 and 8.2 of
Appendix W describe the information needed to characterize the emissions of nearby
sources for air quality models. For the 24-hour PM2.5 and PM10 NAAQS, it is also
important to consider Section 8.2.3 of Appendix W, which states that it is appropriate to
“model nearby sources only during those times when they, by their nature, operate at the
same time as the primary source(s) being modeled.” Finally, estimation of nearby source
impacts may take into account the effectiveness of anticipated control measures in the
SIP if they are already enforceable in the SIP.

8.3

OPTIONS FOR BACKGROUND CONCENTRATIONS

PM hot-spot analyses should also include background concentrations from “other
sources” as well as any nearby sources that are not included in modeling.111 There are
several options provided below that meet the requirements of Section 93.123(c)(1) of the
conformity rule that involve using representative air quality monitoring data. Whatever
option is selected, the same background concentrations would be used at every receptor
111

Section 8.2.3 of Appendix W defines “contributions from other sources” as “that portion of the
background attributable to all other sources (e.g., natural sources, minor sources and distant major
sources)….”
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used in the build and no-build scenarios for a PM hot-spot analysis. Additional options
for background concentrations can be considered by the EPA Regional Office, OTAQ,
and OAQPS. See Section 1.7 for contact information.
8.3.1

Using ambient monitoring data to estimate background concentrations

Ambient monitoring data for PM10 and PM2.5 provide an important source of information
to characterize the contributions from sources that affect the background concentrations
in the project area, but are not captured by air quality modeling for the PM hot-spot
analysis. Nonattainment and maintenance areas, and areas that surround them, have
numerous sites for monitoring PM2.5 and PM10 concentrations that may be appropriate for
estimating background concentrations.112 Project sponsors, relevant state or local air
agencies, and the EPA Regional Office should identify the appropriate PM10 and PM2.5
monitoring data, along with information on each monitor’s site location, purpose,
geographic scale, nearby land uses, and sampling frequency. EPA offers Air Explorer
(based on Google Earth™ mapping software) as a user-friendly way to identify and
visualize where monitoring sites are in operation and to obtain concentration data and
descriptions of the site (such as the reported scale of spatial representation).113
The evaluation and selection of monitoring data for use in a particular analysis must
follow the process defined in each area’s interagency consultation procedures. These
discussions, as well as any maps or statistical techniques used to analyze background
data, should be well-documented and included in the project-level conformity
determination.
Project sponsors should not use monitoring data for which EPA has granted data
exclusion under the Exceptional Events rule (see 40 CFR 50.14).
Using a Single Monitor
Background concentration data should be as representative as possible for the project area
examined by the PM hot-spot analysis.114 In most cases, the simplest approach will be to
use data from the monitor closest to and upwind of the project area. However, all of the
following factors need to be evaluated when considering monitors for use of their data as
representative background concentrations:

112

Monitors in adjacent nonattainment, maintenance, and attainment areas should also be evaluated for use
in establishing background concentrations, which may be appropriate if the air quality situation at those
monitors can be determined to be reasonably similar to the situation in the project area.
113
Available online at: www.epa.gov/airexplorer/monitor_kml.htm.
114
In particular, there should be interagency consultation prior to using any ambient monitoring data set for
PM2.5 that does not meet EPA requirements in Appendix N to 40 CFR Part 50 regarding data completeness,
and any data set that reflects a sampling schedule that has been erratic or has resulted in more frequent
samples in some seasons of a year than others. The guidance in Section 9 of this document assumes that
the normal data completeness requirement (75% of scheduled samples in each calendar quarter of each
year) has been met and that the monitoring data is evenly distributed across the year. Deviation from these
conditions may make the steps given in Section 9 inappropriate.
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Similar characteristics between the monitor location and project area: Monitors at
locations that are similar to the project area should be preferred for this factor,
whenever possible. If several monitors are available, preference should be given to
the monitor with the most similar characteristics as the project area. Some questions
to be considered include:
o Is the density and mix of emission sources around the monitor location
similar to those around the project site?
o How well does the monitor capture the influence of nearby sources that
are not affected by the project?
o Are there differences in land use or terrain between the two locations that
could influence air quality in different ways?
o Is the monitor probe located at a similar height as the project (e.g., is the
project at grade, but the monitor is on top of a high building)?
o What is the purpose of the monitor and what geographic scale of
representation does the monitor have?



Distance of monitor from the project area: Monitors closer to the project may have
concentrations most similar to the project area. If more than one such monitor is
available, preference may be given to the closest representative monitor for this
factor. There are some cases, however, where consideration of distance alone may
mask the influence of other factors that need to also be considered (e.g., a monitor
upwind of the project location may be preferred to an even closer monitor located
downwind of the project).



Wind patterns between the monitor and the project area: Monitors that are located in
directions that are frequently upwind of a project are more likely to represent a
project area’s background concentrations than monitors that are frequently
downwind.115 Preference should be given to upwind monitors for this factor,
whenever appropriate.

The factors considered when selecting a particular monitor to represent background
concentrations should be documented as part of the PM hot-spot analysis.
Interpolating Between Several Monitors
If, during interagency consultation, agencies conclude that no single ambient monitor is
sufficiently representative of the project area, interpolating the data of several monitors
surrounding the project area is also an option. The advantage of interpolation is that no
single monitor is used exclusively in representing air quality for a project area. There
may be projects sited in locations between large emission sources and areas several miles
away with relatively low emissions, suggesting a gradient in concentrations across the
nonattainment or maintenance area. If there are no monitors within or near the project
115

Constructing a “wind rose” (a graph that depicts the frequency of wind blowing from different
directions) can be a useful tool in examining the frequency of wind blowing from different directions.
EPA’s SCRAM website contains two programs for calculating wind statistics and wind roses, WINDROSE
and WRPLOT.
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area, then background concentrations from other sources may be difficult to estimate.
Interpolation is an approach that allows estimates of background concentrations for a
project to take advantage of monitoring data from multiple monitoring sites. Any
planned interpolation methods must be addressed through the interagency consultation
process.
There are several approaches to interpolation that can be used. One simple method is
weighted averaging, which places greater weight on nearby monitors and uses the inverse
distance between the project site and the monitor to weight each monitor. For example,
suppose monitors A, B, and C surround an unmonitored location, at distances 5, 10, and
15 miles from the site, respectively, the weighting of data from monitor A:

Weight ( A) 

1 1 1 1 
     0.55
5  5 10 15 

The weighting for monitor B:

Weight (B) 

1 1 1 1 
     0.27
10  5 10 15 

The weighting for monitor C:

Weight(C) 

1 1 1 1 
     0.18
15  5 10 15 

If concentrations at A, B, and C are 10.0, 20.0, and 30.0 g/m3, respectively, then the
predicted concentration at the unmonitored site is 16.3 g/m3. In most situations, the
inverse-distance weighted average will provide a reasonable approximation of
background concentrations due to other sources. Another interpolation approach is the
inverse-squared distance weighting that weights monitors based on how close they are to
the project (1/distance squared).
Other, more advanced statistical methods to interpolate monitoring data may also be
used, but these require significant geostatistical expertise.116

116

EPA’s MATS (www.epa.gov/ttn/scram/modelingapps_mats.htm) and BenMAP
(www.epa.gov/air/benmap) models incorporate another interpolation-based approach (Voronoi Neighbor
Averaging). Consult those models’ documentation for further information.
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8.3.2

Adjusting air quality monitoring data to account for future changes in air quality:
using chemical transport models

Options Using Chemical Transport Models (CTMs)
To account for future emission changes, it may be appropriate in some cases to use future
background concentrations that have been calculated based on modeled outputs from a
CTM. CTMs are photochemistry models that are routinely used in regulatory analyses,
including attainment demonstrations for PM SIPs and EPA regulatory analyses to support
national or regional final rules. 117 In these types of analyses, CTM modeling is
completed for a base and future year, and then these resulting PM concentrations are used
to develop relative response factors (RRFs). These factors are then used to adjust the air
quality monitoring data from the base year of the SIP or EPA final rule modeling. The
end result will be predicted PM concentrations for monitoring locations for a future year
(e.g., the attainment year addressed in the SIP).
Although project sponsors are not expected to operate CTMs, there may be available
information from CTM modeling to support PM hot-spot analyses. There are two CTMbased options that may be available for PM hot-spot analyses:
1. Use existing pre-calculated future year PM concentrations from EPA or state or
local air quality agency modeling. If available, the future year concentrations at a
monitor used in the SIP or EPA rulemaking can be used for a PM hot-spot
analysis, if the monitor is representative of the project area. Typically, projected
annual average and/or 24-hour average PM design values for a future year will be
available for monitoring site locations that are part of such modeling
demonstrations.
2. In some cases, site-specific, post-processed concentrations may not be readily
available from states or EPA. Depending on the nature of the modeling, it may be
possible to obtain CTM outputs that can be used to derive background
concentrations.118 This may be an option if the standard post-processed data
includes only a subset of monitoring sites in the domain or a subset of averaging
times (e.g., annual average results are available, but not 24-hour average results).
Details on the recommended procedures for projecting PM2.5 concentrations using CTMs
are contained in EPA’s “Guidance on the Use of Models and Other Analyses for
Demonstrating Attainment of Air Quality Goals for Ozone, PM2.5, and Regional

117

Examples of commonly employed CTMs are shown on the SCRAM website at:
www.epa.gov/scram001/photochemicalindex.htm.
118
Many CTM applications are post-processed with EPA’s MATS program available at:
www.epa.gov/ttn/scram/modelingapps_mats.htm . MATS produces future year annual and quarterly PM2.5
outputs for both the annual and 24-hour PM2.5 NAAQS. The quarterly concentration information may not
be routinely documented.
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Haze.”119 The location where CTM modeling is completed, the location of the project,
and determining representative monitors are important considerations in using CTMbased options for PM hot-spot analyses. Evaluating and choosing the models and
associated methods and assumptions for using CTM-based options must be determined
through interagency consultation (40 CFR 93.105(c)(1)(i)). The EPA Regional Office
should consult with OTAQ and OAQPS in applying the above options or considering
other options.
Additional Information and Considerations about CTMs
EPA’s photochemical modeling guidance recommends using CTM outputs in a relative
sense. Therefore the absolute predictions of a CTM in a future analysis year are not used
to predict future background concentrations directly. Instead, appropriate future year
design values or concentrations are derived from monitoring data that have been adjusted
using the modeled relative change in PM concentrations. RRFs are calculated from the
outputs of current (base) year and future year CTM results. These RRFs reflect the
relative changes in concentrations between current and future years.120 An RRF is
generally calculated as:

RRF 

Concentrations in future year, predicted by CTM
Concentrations in base year, predicted by CTM

Future year concentrations are then calculated by multiplying base year monitoring data
by modeled RRFs, as follows:
Base year measured concentration * RRF = Future year concentration
Additionally, when using the CTM-based options, several criteria should be met:





The CTM has demonstrated acceptable performance for the project area using
standard indicators of model performance.121
The results of CTM runs are appropriate for the project and future analysis year(s)
covered by the PM hot-spot analysis (e.g., the CTM modeling includes the project
area and the modeling was completed for the analysis year or a year earlier than
the analysis year).
Any future emission reductions for sources within the CTM modeling
demonstration are based on enforceable commitments in the SIP and/or are
consistent with the conformity rule’s latest planning assumptions requirements
(40 CFR 93.110).

119

See guidance for further information at: www.epa.gov/scram001/guidance/guide/final-03-pm-rh
guidance.pdf.
120
Future year concentrations of PM2.5 are calculated based on PM2.5 species concentrations that have been
projected using RRFs for individual PM2.5 species.
121
Details on model performance evaluation and examples of model evaluation statistics may be found in
Chapter 18 and Appendix A of the document “Guidance on the Use of Models and Other Analyses for
Demonstrating Attainment of Air Quality Goals for Ozone, PM 2.5, and Regional Haze,” referenced above.
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EPA or state modeling which includes future emissions reductions from a
proposed rule or hypothetical emissions reductions that are not associated with
enforceable SIP commitments or state or Federal rules should not be used.
Any future emission reductions for sources within the CTM modeling
demonstration should take effect prior to the year(s) for which the PM hot-spot
analysis is conducted.

The PM hot-spot analysis year(s) will often be after a year for which CTM modeling is
performed. In this case, the future background concentration for the analysis year should
be the same year for which CTM modeling was performed. It is not technically justified
to extrapolate background concentrations beyond the year in which data are available for
the CTM modeling. For example, if future background concentrations were estimated
based on CTM modeling for the year 2014, and the PM hot-spot analysis year was 2016,
then the 2014 background estimate could be used for 2016. A project sponsor could not
make a further adjustment based on an extrapolation to the year 2016; such an
extrapolation would not be based on credible modeling or mathematical practices.
Similarly, emissions-based “roll-back” and “roll-forward” techniques for adjusting
current air quality monitoring data for future background concentrations are also not
technically supported and would not allow projects sponsors to meet Section 93.123(c)(1)
requirements.
Note that in some cases, CTM adjusted background predictions for a future year may
already incorporate emissions from the project’s no-build scenario (e.g., if the monitor
used in the SIP modeling demonstration included emissions from the current project
area). Adding modeled concentrations for the build scenario to this value would be
essentially adding build emissions to the no-build emissions already accounted for in the
background. In these cases, an adjustment may be appropriate only when comparing the
build scenario to the NAAQS. In such cases, to evaluate predicted concentrations in the
build scenario, the difference between modeled concentrations at each receptor in the
build and no-build scenarios should be calculated as:
Difference receptor i  Concentration receptor i, build scenario  Concentration receptor i, no build scenario

The result – the difference between the build and no-build scenarios at each receptor –
should be added to background concentrations when calculating design values for the
build scenario. Comparing a build scenario to the no-build scenario to demonstrate
conformity will not involve any similar adjustments, since the same background
concentrations are used in the build and no-build scenarios. Using this approach, only the
changes in receptor concentrations affected by emission changes from the project or
modeled nearby sources used in calculating design values. Evaluating and choosing the
models and associated methods and assumptions for using these adjustments must be
determined through interagency consultation (40 CFR 93.105(c)(1)(i)).
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8.3.3

Adjusting air quality monitoring data to account for future changes in air quality:
using an on-road mobile source adjustment factor

There may be limited cases in PM10 nonattainment or maintenance areas where it would
be appropriate to adjust representative air quality monitoring data by the factor described
in Section 93.123(c)(2) of the conformity rule. This provision states that “…the future
background concentration should be estimated by multiplying current background by the
ratio of future to current traffic and the ratio of future to current emission factors.” This
method has been a credible option for CO hot-spot analyses. Since CO air quality
problems are primarily due to on-road CO emissions, such a ratio is appropriate for CO
hot-spot analyses.
EPA has determined that this method may also be a credible option when on-road mobile
sources overwhelm overall PM10 SIP inventories. Such a case could occur in a limited
number of PM10 areas where on-road mobile emissions for directly emitted PM10
represent most of the overall directly emitted PM10 emission inventory (e.g., are 75% or
more of the overall inventory).122 Such cases include smaller PM10 areas where paved
and unpaved road dust are the main source of direct PM10 emissions. EPA notes that this
option would increase background concentrations (as compared to options discussed in
Section 8.3.1), in cases where road dust and VMT are expected to increase in the future.
The EPA Regional Office should be consulted on a case-by-case basis if Section
93.123(c)(2) is considered for a PM10 hot-spot analysis.
However, EPA has determined that the method described in Section 93.123(c)(2) is not
required by the conformity rule and is not a technically viable option for estimating
background concentrations in all PM2.5 hot-spot analyses and most PM10 hot-spot
analyses. PM2.5 and PM10 nonattainment problems are typically more complex and result
from many different types of emission sources, including emissions from on-road, nonroad, stationary, and area sources. It would not be appropriate to adjust PM air quality
monitoring data from all source types based on an on-road mobile source adjustment
factor only, as has been done in CO hot-spot analyses. While the conformity rule
requires CO hot-spot analyses for only the largest and most congested intersections in a
given area (40 CFR 93.123(a)(2)), PM hot-spot analyses are required for more complex
highway and transit projects that can also involve nearby sources (40 CFR 93.123(b)(1)).
For all of the above reasons, using the same ratios in most PM hot-spot analyses would
not allow project sponsors to meet Section 93.123(c)(1) requirements.

122

Precursor emissions inventories should not be considered in such a determination, since precursor
emissions are not considered in hot-spot analyses.
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Section 9: Calculating PM Design Values and Determining
Conformity
9.1

INTRODUCTION

This section describes how to combine all previous steps of a PM hot-spot analysis into a
design value so that a project sponsor can determine if conformity requirements are met.
For conformity purposes, a design value is a statistic that describes a future air quality
concentration in the project area that can be compared to a particular NAAQS.123 In
general, design values are calculated by combining two pieces of data:
 Modeled PM concentrations from the project and nearby sources (Sections 7 and
8); and
 Monitored background PM concentrations from other sources (Section 8).
Exhibit 9-1 illustrates the conceptual flow of information described in this section, which
is similar for all PM NAAQS.
Exhibit 9-1. General Process for Calculating Design Values for PM Hot-spot
Analyses

123

Design values based on monitoring data are used to determine the air quality status of a given
nonattainment or maintenance area (40 CFR Part 50). Design values are also used for SIP modeling and
other air quality planning purposes.
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This section describes how to calculate the specific statistical form of design values for
each PM NAAQS and how to apply design values in build/no-build analyses for
conformity purposes. This section also discusses appropriate receptors for the annual
PM2.5 NAAQS.
This guidance is consistent with how design values are calculated for designations and
other air quality planning purposes for each PM NAAQS. EPA is considering whether
spreadsheet tools can be developed to assist state and local agencies in calculating design
values for PM hot-spot analyses. This guidance is written for current and future PM2.5
and PM10 NAAQS. EPA will re-evaluate the applicability of this guidance as needed, if
different PM NAAQS are promulgated in the future.
The interagency consultation process must be used to determine the models, methods,
and assumptions used for PM hot-spot analyses, including those used in calculating
design values and completing build/no-build analyses (40 CFR 93.105(c)(1)(i)). State
and local air quality agencies and EPA have significant expertise in air quality planning
that may be useful resources for the topics covered by this section. Project sponsors
should document the data and other details used for calculating design values for the
build and no-build scenarios for a project-level conformity determination, as well as how
appropriate receptors were determined in cases involving unique locations as described in
Section 9.4.

9.2

USING DESIGN VALUES IN BUILD/NO-BUILD ANALYSES

Design values are a fundamental component of PM hot-spot analyses, as they are the
values compared to the NAAQS and between build and no-build scenarios. In general, a
hot-spot analysis compares air quality concentrations with the proposed project (the build
scenario) to air quality concentrations without the project (the no-build scenario). The
conformity rule requires that the build scenario not cause or contribute to any new
violations of the NAAQS, increase the frequency or severity of existing violations, or
delay timely attainment as compared to the no-build scenario (40 CFR 93.116(a) and
93.123(c)(1)).
Exhibit 9-2 (following page) illustrates the build/no-build analysis approach suggested in
Section 2.4.
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This would be the receptor aatt the same geographic location in the build and no-bui
build scenarios.
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further mitigation or control measures to address air quality concentrations at such
receptors, except in certain cases described below.125
A build/no-build analysis is typically based on design value comparisons done on a
receptor-by-receptor basis. However, there may also be cases where a possible “new”
violation at one receptor (in the build scenario) is relocated from a different receptor (in
the no-build scenario). It would be necessary to calculate the design values for all
receptors in the build and no-build scenarios to determine whether a “new” violation is
actually a relocated violation. EPA addressed this issue in the preamble to the
November 24, 1993 transportation conformity rule (58 FR 62213), where a “new”
violation within the same intersection could be considered a relocated violation. Since
1993, EPA has made this interpretation only in limited cases with CO hot-spot analyses
where there is a clear relationship between such changes (e.g., a reduced CO NAAQS
violation is relocated from one corner of an intersection to another due to traffic-related
changes from an expanded intersection). Any potential relocated violations in PM hotspot analyses should be determined through the process established by each area’s
interagency consultation procedures.
When completing air quality modeling for build and no-build scenarios, receptors should
be placed in identical locations so that direct comparisons can be made between design
values calculated at receptors under each scenario. Also, design values are compared to
the relevant NAAQS and between build and no-build scenarios after rounding has been
done, which occurs in the final steps of design value calculations.126 Further details on
rounding conventions for different PM NAAQS are included in Section 9.3 below.
Section 9.4 provides further information on determining appropriate receptors for the
annual PM2.5 NAAQS in cases involving unique locations.

125

Additional mitigation or control measures can be considered at any point in the hot-spot analysis
process. When such measures are considered, additional emissions and air quality modeling would need to
be completed and new design values calculated to ensure that conformity requirements are met.
126
For example, conformity requirements would be met at a receptor if the final build design value is no
greater than the final no-build design value, even if the pre-rounding build design value is greater than the
pre-rounding no-build design value.
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9.3

CALCULATING DESIGN VALUES AND DETERMINING CONFORMITY FOR
PM HOT-SPOT ANALYSES

9.3.1

General

As noted above, this conformity guidance is generally consistent with how design values
are calculated for air quality monitoring and other EPA regulatory programs.127
Further details are included below about how design values should be calculated at
receptors for build/no-build analyses, and examples of each design value calculation can
be found in Appendix K of this guidance. These details and examples are primarily
narrative in nature. EPA has also provided mathematical formulas of design values in
Appendix K, which may be helpful for certain users.
9.3.2

Annual PM2.5 NAAQS

Design Value
The annual PM2.5 design value is currently defined as the average of three consecutive
years’ annual averages, each estimated using equally-weighted quarterly averages.128
This NAAQS is met when the three-year average concentration is less than or equal to
the annual PM2.5 NAAQS (currently 15.0 g/m3):
Annual PM2.5 design value = ([Y1] average + [Y2] average + [Y3] average) ÷ 3
Where:
[Y1] = Average annual PM2.5 concentration for the first year of air quality
monitoring data
[Y2] = Average annual PM2.5 concentration for the second year of air quality
monitoring data
[Y3] = Average annual PM2.5 concentration for the third year of air quality
monitoring data
The annual PM2.5 NAAQS is rounded to the nearest tenth of a g/m3. For example,
15.049 rounds to 15.0, and 15.050 rounds to 15.1.129 These rounding conventions should
be followed when calculating design values for this NAAQS.
127

EPA notes that design value calculations for PM hot-spot analyses involve using air quality modeling
results based on either one year of site-specific measured meteorological data or five years of off-site
measured meteorological data, rather than three years.
128
The design value for the annual PM2.5 NAAQS is defined for air quality monitoring purposes in 40 CFR
Part 50.13.
129
A sufficient number of decimal places (3-4) should be retained during intermediate calculations for
design values, so that there is no possibility of intermediate rounding or truncation affecting the final result.
Rounding to the tenths place should only occur during final design value calculations, pursuant to
Appendix N to 40 CFR Part 50.
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Necessary Data
This design value calculation assumes the project sponsor already has the following data
in hand:
 Air quality modeling results: Average annual concentrations from the project and
any nearby sources should be calculated from the air quality model output files.130
The methodology for post-processing the air quality model output files will vary
depending on what air quality model is used. Refer to Appendix J for details on
preparing air quality model outputs for use in design value calculations.
 Air quality monitoring data: 12 quarters of background concentration
measurements (four quarters for each of three consecutive years). See Section 8
for more details on determining representative monitored background
concentrations that meet all applicable monitoring requirements (such as data
completeness).131
Calculating Design Values and Determining Conformity
Exhibit 9-3 (following page) illustrates how a design value is to be calculated and
conformity determined for the annual PM2.5 NAAQS. This exhibit assumes that the
project sponsor would first compare the receptor with the highest average annual
concentration in the build scenario to the NAAQS to determine conformity. If
conformity is not met at this receptor, design values would be calculated at all receptors
in the build scenario. For any receptors with design values above the NAAQS in the
build scenario, the project sponsor would then model the no-build scenario and calculate
design values to determine if conformity requirements are met.
An example of how to calculate design values for the annual PM2.5 NAAQS using this
procedure is included in Appendix K. The steps below can also be described
mathematically using the formulas found in Equation Set 1 in Appendix K.
The steps shown in Exhibit 9-3 are described below. The initial step is to compare the
build scenario to the NAAQS to see if the project conforms:
 Step 1. For each receptor, calculate the average annual concentrations with the air
quality modeling results for each quarter and year of meteorological data used. If
using AERMOD, the model does this step for you and provides the average
annual concentrations as output; proceed to Step 2. If using CAL3QHCR, for
each year of meteorological data, first determine the average concentration in
each quarter. Then, within each year of meteorological data, add the average
concentrations of all four quarters and divide by four to calculate the average
annual modeled concentration for each year of meteorological data. Sum the

130

See Section 7.5.3 for further information on the number of years of meteorological data used in air
quality modeling. For most PM hot-spot analyses, five years of meteorological data will be used.
131
The interagency consultation process should be used when situations require incorporation of any CTM
results into design value calculations.
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modeled average annual concentrations from each year of meteorological data,
and divide by the number of years of meteorological data used.
Step 2. Identify the receptor with the highest modeled average annual
concentration.
Step 3. For each year of background data, first determine the average monitored
concentration in each quarter. Then, within each year of background data, add the
average concentrations of all four quarters and divide by four to calculate the
average annual background concentration for each year of monitoring data. Next,
add the average annual concentrations from each of the consecutive years of
monitoring data and divide by three. This value is the average annual background
concentration based on monitoring data.132

Exhibit 9-3. Determining Conformity to the Annual PM2.5 NAAQS

132
Each year, EPA calculates quarterly average and annual average concentrations for all PM 2.5 monitoring
sites reporting data to EPA’s Air Quality System. The results are posted at:
www.epa.gov/airtrends/values.html. Results are in Excel spreadsheet form, in a worksheet with “site
listing” in the worksheet name.
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Step 4. Add the average annual background concentration (from Step 3) to the
average annual modeled concentration at the highest receptor (from Step 2) to
determine the total average annual background concentration at this receptor.
Step 5. Round to the nearest 0.1 g/m3. This result is the annual PM2.5 design
value at the highest receptor in the build scenario.

The project sponsor should then compare the design value from Step 5 to the annual
PM2.5 NAAQS (currently 15.0 g/m3). If the value is less than or equal to the NAAQS,
the project conforms. If the design value is greater than the NAAQS, the project sponsor
should then continue to Step 6:
 Step 6. Repeat the calculations described in Step 1 to determine average annual
concentrations for all receptors in the build scenario.
 Step 7. Add the average annual modeled concentrations (from Step 6) to the
average annual background concentrations (from Step 3).133 The result will be the
total average annual concentration at each receptor in the build scenario.
 Step 8. Round to the nearest 0.1 g/m3. At each receptor, this value is the annual
PM2.5 design value for the build scenario. Identify all receptors that exceed the
annual PM2.5 NAAQS.
 Step 9. From the no-build air quality modeling results, calculate the average
annual concentrations at each receptor identified in Step 8.
 Step 10. For the no-build scenario, add the average annual modeled
concentrations for the no-build scenario (from Step 9) to the average annual
background concentrations (from Step 3). The result will be the total average
annual concentration for each receptor identified in Step 8 under the no-build
scenario.
 Step 11. Round to the nearest 0.1 g/m3. This result is the annual PM2.5 design
value for each receptor identified in Step 8 under the no-build scenario.
For each receptor with a design value that exceeded the NAAQS in the build scenario,
compare the build design value (Step 8) to the no-build design value (Step 11). For the
project to conform, the build design value must be less than or equal to the no-build
design value at each receptor in the build scenario that exceeded the NAAQS (Step 8). If
this is not the case, it may be necessary to determine if any receptors are at unique
locations and are not appropriate for conformity purposes (see Section 9.4).134
If a build scenario design value is greater than the no-build design value at any
appropriate receptor, the sponsor should then consider additional mitigation and control
measures, and revise the PM hot-spot analysis accordingly. Mitigation and control
133

As discussed in Section 8, the same air quality monitoring concentrations would not be expected to
change between the build and no-build scenarios. As a result, the same background concentrations would
be used for every receptor in the build and no-build scenario.
134
Project sponsors could decide to determine if any receptors are at unique locations for this NAAQS at
Step 8, for any receptors where a NAAQS violation is predicted to occur. Also, in certain cases, project
sponsors can also decide to calculate the design values for all receptors in the build and no-build scenarios
and use the interagency consultation process to determine whether a “new” violation has been relocated
(see Section 9.2).
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measures could also be considered at any other point in the analysis before the projectlevel conformity determination is made. Refer to Section 10 for a discussion of potential
measures.
9.3.3

24-hour PM2.5 NAAQS

Design Value
The 24-hour PM2.5 design value is currently defined as the average of three consecutive
years’ 98th percentile concentrations of 24-hour values for each of those years.135 The
NAAQS is met when that three-year average concentration is less than or equal to the
currently applicable 24-hour PM2.5 NAAQS for a given area’s nonattainment designation
(currently 35 g/m3 for nonattainment areas for the 2006 PM2.5 NAAQS and 65 g/m3 for
nonattainment areas for the 1997 PM2.5 NAAQS).136
The design value for comparison to any 24-hour PM2.5 NAAQS is rounded to the nearest
1 g/m3 (decimals 0.5 and greater are rounded up to the nearest whole number; decimals
lower than 0.5 are rounded down to the nearest whole number). For example, 35.499
rounds to 35 g/m3, while 35.500 rounds to 36.137 These rounding conventions should be
followed when calculating design values for this NAAQS.
There are two analysis options, or tiers, that are available to project sponsors to estimate a
24-hour PM2.5 design value.138 Project sponsors can start with either the first or second
tier analysis, since either tier is a viable approach for meeting conformity requirements.
There may be cases where a project sponsor may decide to start with a first tier analysis,
which is a conservative but less intensive approach.139 In other cases, project sponsors
may decide to go directly to a second tier analysis. For example, depending on how the
air quality model was run and its data post-processed, the actions needed to identify the
highest modeled 24-hour concentration by quarter for a second tier analysis may not
involve much additional time or effort, in which case the second tier approach may be
135

The design value for the 24-hour PM2.5 NAAQS is defined for air quality monitoring purposes in 40
CFR Part 50.13.
136
There are only two areas where conformity currently applies for both the 1997 and 2006 24-hour PM 2.5
NAAQS. While both 24-hour NAAQS must be considered in these areas, in practice if the more stringent
2006 24-hour PM2.5 NAAQS is met, then the 1997 24-hour PM2.5 NAAQS is met as well.
137
A sufficient number of decimal places (3-4) should be retained during intermediate calculations for
design values, so that there is no possibility of intermediate rounding or truncation affecting the final result.
Rounding should only occur during final design value calculations, pursuant to Appendix N to 40 CFR Part
50.
138
This approach is consistent with EPA’s approach for calculating design values for other EPA regulatory
programs. See the EPA March 23, 2010 memorandum from Stephen D. Page at
www.epa.gov/scram001/Official%20Signed%20Modeling%20Proc%20for%20Demo%20Compli%20w%2
0PM2.5.pdf.
139
While less data intensive and therefore possibly quicker to execute, the first tier approach is considered
more conservative as compared to the second tier analysis. The first tier approach assumes that the
estimated highest predicted concentration attributable to the project and nearby sources will occur in the
future on each of the days from which the three-year average 98 th percentile background concentration is
derived (which may not occur).
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preferred from that start. Under either tier, the contributions from the project, any nearby
sources, and background concentrations from other sources are combined for a given
analysis year, as described further below.
Examples of how to calculate design values for the 24-hour PM2.5 NAAQS using each
tier are included in Appendix K.
Necessary Data
This design value calculation assumes the project sponsor already has the following data
in hand:
 Air quality modeling results: The highest 24-hour average concentration from the
project and any nearby sources should be calculated based on the air quality
model output files, depending on what tier of analysis is used:
o In a first tier analysis, the highest 24-hour values from each year of
meteorological data should be averaged together.
o In a second tier analysis, the highest 24-hour values from each quarter and
year of meteorological data should be averaged together per quarter.
Post-processing the air quality model output files will vary depending on what air
quality model is used in the hot-spot analysis. Refer to Appendix J for a
discussion of air quality model output file formats.
 Air quality monitoring data: 12 quarters of background concentration
measurements (four quarters for each of three consecutive years). See Section 8
for more details on determining representative monitored background
concentrations that meet all applicable monitoring requirements (such as data
completeness).140
Calculating Design Values and Determining Conformity Using a First Tier Analysis
The first tier consists of directly adding the highest average modeled 24-hour
concentrations to the average 98th percentile 24-hour background concentrations.
Exhibit 9-4 (following page) illustrates how a design value would be calculated under a
first tier analysis for a given receptor. The steps shown in Exhibit 9-4 are described in
detail below, and are also described mathematically using the formulas found in Equation
Set 2 in Appendix K.

140

The interagency consultation process should be used when situations require incorporation of any CTM
results into design value calculations.
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Exhibit 9-4. Determining Conformity to the 24-hour PM2.5 NAAQS Using First Tier
Analysis

The initial step in a first tier analysis is to compare the build scenario to the NAAQS to
see if the project conforms:
 Step 1. From the air quality modeling results from the build scenario, identify the
receptor with the highest average 24-hour concentration. This is done by first
separating the air quality model output into each year of meteorological data.
Second, for each receptor and year of meteorological data, identify the 24-hour
period (midnight-to-midnight) with the highest average concentration throughout
the entire year. Finally, at each receptor, average the highest 24-hour
concentrations from each year of meteorological data across all years. The
receptor with the highest value is used to calculate the 24-hour PM2.5 design
value.
 Step 2. Calculate the average 98th percentile 24-hour background concentration
using the 98th percentile 24-hour concentrations of the three most recent years of
air quality monitoring data. To calculate the 98th percentile background
concentrations for each year of monitoring data, first count the number of 24-hour
background measurements in each year. Next, order the highest eight monitoring
values in each year from highest to lowest and rank each value from 1 (highest) to
8 (eighth highest). Consult Exhibit 9-5 (following page) to determine which of
these eight values is the 98th percentile value. Using the results from the three
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years of monitoring data, calculate the three-year average of the 98th percentile
concentrations.141
Step 3. Add the highest average 24-hour modeled concentration (Step 1) to the
average 98th percentile 24-hour background concentration (Step 2) and round to
the nearest 1 g/m3. The result is the 24-hour PM2.5 design value at the highest
receptor in the build scenario.

Exhibit 9-5. Ranking of 98th Percentile Background Concentration Values142
Number of
Background
Concentration
Values
1-50
51-100
101-150
151-200
201-250
251-300
301-350
351-366

Rank of Value
Corresponding to
98th Percentile
Concentration
1
2
3
4
5
6
7
8

If the design value calculated in Step 3 is less than or equal to the relevant 24-hour PM2.5
NAAQS, then the project conforms. If it is greater than the 24-hour PM2.5 NAAQS,
conformity is not met, and the project sponsor has two options:
 Repeat the first tier analysis for the no-build scenario at all receptors that
exceeded the NAAQS in the build scenario. If the calculated design value for the
build scenario is less than or equal to the design value for the no-build scenario at
all of these receptors, then the project conforms;143 or
 Conduct a second tier analysis as described below.

141

Assuming a regular monitoring schedule and a resulting data set that meets the completeness
requirements of 40 CFR Part 50 Appendix N, the result of Step 2 will be the design value for the
monitoring site used to estimate the background concentrations. Each year, EPA calculates the 98th
percentile concentration for each of the most recent three years and the average of the three current annual
values for every PM2.5 monitor, based on the data reported to EPA’s Air Quality System. Project sponsors
may use the EPA-calculated design values directly instead of executing Step 2, or may compare their result
from Step 2 to the EPA-calculated design value. These design values appear in the worksheet “Site
Listing” of the latest PM2.5 design value spreadsheet posted at: www.epa.gov/airtrends/values.html.
142
This exhibit is based on a table in Appendix N to 40 CFR Part 50, and ranks the 98 th percentile of
background concentrations pursuant to the total number of air quality monitoring measurements.
143
In certain cases, project sponsors can also decide to calculate the design values for all receptors in the
build and no-build scenarios and use the interagency consultation process to determine whether a “new”
violation has been relocated (see Section 9.2).
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Calculating Design Values and Determining Conformity Using a Second Tier Analysis
The second tier involves a greater degree of analysis, in that the highest modeled
concentrations and the 98th percentile background concentrations are not added together
for each receptor directly, as in a first tier analysis. Unlike a first tier analysis, which
uses the average of the highest modeled 24-hour concentration from each year of
meteorological data, a second tier analysis uses the average of the highest modeled 24
hour concentration within each quarter of each year of meteorological data. In other
words, impacts from the project, nearby sources, and other background concentrations are
calculated on a quarterly basis before determining the 98th percentile concentration
resulting from these inputs.
Exhibit 9-6 (following page) and the following steps provide details for calculating a
design value for the 24-hour PM2.5 NAAQS under a second tier analysis. These steps can
also be described mathematically using the formulas found in Equation Set 3 in Appendix
K.
A project sponsor would initially complete these steps for the build scenario; then, if
necessary, repeat the steps for the no-build scenario. Steps 1 and 2 of a second tier
analysis are completed only once for all receptors, since the same background
concentrations would be used for every receptor in either the build or no-build scenario.
 Step 1. Count the number of measurements for each year of monitoring data used
for background concentrations for other sources.
 Step 2. For each year of monitoring data used, determine the eight highest 24
hour background concentrations for each quarter modeled. For most hot-spot
analyses for the 24-hour PM2.5 NAAQS, modeling would be completed for all
four quarters of each analysis year. This would therefore result in 32 values
(eight concentrations for four quarters) for each year of monitoring data.144, 145
The remaining steps are completed for calculating the 24-hour PM2.5 design value at each
receptor:
 Step 3. At each receptor, identify the highest modeled 24-hour concentration in
each quarter, averaged across each year of meteorological data used for air quality
modeling.
 Step 4. At each receptor, add the highest modeled concentration in each quarter
(from Step 3) to each of the eight highest 24-hour background concentrations for
the same quarter for each year of monitoring data (from Step 2). At each
receptor, this step will result in eight 24-hour concentrations in each of four
quarters for a total of 32 values for each year of monitoring data.

144

Section 3.3.4 describes how the number of quarters modeled should be determined. In most PM hotspot analyses for the 24-hour PM2.5 NAAQS, all four quarters of the analysis year will be modeled. There
are limited cases where modeling only one quarter would be appropriate.
145
24-hour PM2.5 concentrations for any monitoring site reported to EPA’s Air Quality System can be
obtained by using the data download tools available at: www.epa.gov/airexplorer/monitor_kml.htm.
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Exhibit 9-6. Determining Conformity to the 24-hour PM2.5 NAAQS Using Second
Tier Analysis
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Step 5. For each receptor and year of monitoring data, order the 32 values from
Step 4 from highest to lowest and rank each value from 1 (highest concentration)
to 32 (lowest concentration).
Step 6. Based on the number of background concentration values you have (from
Step 1), use Exhibit 9-7 to determine which value in the column (from Step 5)
represents the 98th percentile concentration for each receptor. For example, if you
have 180 background concentration values in a year, Exhibit 9-7 shows that the
4th highest value would represent the 98th percentile. Take the value at each
receptor that has this rank.

Exhibit 9-7. Ranking of 98th Percentile Background Concentration Values146
Number of
Background
Concentration
Values
1-50
51-100
101-150
151-200
201-250
251-300
301-350
351-366




Rank of Value
Corresponding to
98th Percentile
Concentration
1
2
3
4
5
6
7
8

Step 7. Repeat Step 6 for each of the three years of background monitoring data.
The result will be three 24-hour 98th percentile concentrations at each receptor,
one for each year of monitoring data.
Step 8. At each receptor, calculate the average of the three 24-hour 98th percentile
concentrations determined in Step 7.
Step 9. Round the average concentrations from Step 8 to the nearest 1 g/m3. At
each receptor, this value is the 24-hour PM2.5 design value for the build scenario.

Compare the design values to the relevant 24-hour PM2.5 NAAQS. If the design values at
all receptors are less than or equal to the NAAQS, then the project conforms. If this is
not the case, proceed to Step 10:
 Step 10. Using modeling results for the no-build scenario, repeat Steps 3 through
9 for all receptors with a design value that exceeded the PM2.5 NAAQS in the
build scenario. The result will be a 24-hour PM2.5 design value at such receptors
for the no-build scenario.

146

This exhibit is based on a table in Appendix N to 40 CFR Part 50, and ranks the 98 th percentile of
background concentrations pursuant to the number of air quality monitoring measurements.
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Compare the build design values (from Step 9) to the no-build design values (from Step
10), identifying which value is higher at each receptor. For the project to conform, the
build design values must be less than or equal to the no-build design value for all of the
receptors that exceeded the NAAQS in the build scenario.147
If the build scenario design value is greater than the no-build design value at any
appropriate receptor, the project sponsor should then consider additional mitigation and
control measures, and revise the PM hot-spot analysis accordingly. Mitigation and
control measures could also be considered at any other point in the analysis before the
project-level conformity determination is made. Refer to Section 10 for a discussion of
potential measures.
9.3.4

24-hour PM10 NAAQS

Design Value
Compliance with the 24-hour PM10 NAAQS is based on the expected number of 24-hour
exceedances of a particular level (currently 150 g/m3), averaged over three consecutive
years.148 Currently, the NAAQS is met when the expected number of exceedances is less
than or equal to 1.0.149
The 24-hour PM10 NAAQS design value is rounded to the nearest 10 g/m3. For
example, 155.511 rounds to 160, and 154.999 rounds to 150.150 These rounding
conventions should be followed when calculating design values for this NAAQS.
The contributions from the project, any nearby sources, and background concentrations
from other sources are combined for a given analysis year, as described further below.
Examples of how to calculate design values for the 24-hour PM10 NAAQS are included in
Appendix K.

147

In certain cases, project sponsors can also decide to calculate the design values for all receptors in the
build and no-build scenarios and use the interagency consultation process to determine whether a “new”
violation has been relocated (see Section 9.2).
148
The 24-hour PM10 NAAQS and supporting technical documentation can be found in 40 CFR Part 50.6.
149
The term “expected” means that the actual number of observed exceedances is adjusted upwards when
observations are missing for some days, to reflect the air quality statistically expected for those days. The
design value for the 24-hour PM10 NAAQS is the next highest observed (monitored or modeled)
concentration after the concentrations that could be above 150 µg/m3 without causing the expected number
of exceedances to be greater than 1.0.
150
A sufficient number of decimal places (3-4) in modeling results should be retained during intermediate
calculations for design values, so that there is no possibility of intermediate rounding or truncation
affecting the final result. Rounding to the nearest 10 ug/m3 should only occur during final design value
calculations, pursuant to Appendix K to 40 CFR Part 50. Monitoring values typically are reported with
only one decimal place.
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Necessary Data
This design value calculation assumes the project sponsor already has the following data
in hand:
 Air quality modeling results: In most PM hot-spot analyses, five years of
meteorological data will be used to complete air quality modeling for the project
and any nearby sources.151 In this case, the sixth-highest 24-hour modeled
concentration should be calculated for each receptor.152 Note that AERMOD can
be configured to give you these values directly. CAL3QHCR output needs to be
post-processed to obtain the sixth-highest value from five years of meteorological
data. See more details below and refer to Appendix J for a discussion of air
quality model output file formats.
 Air quality monitoring data: 12 quarters of background concentration
measurements (four quarters for each of three consecutive years). See Section 8
for more details on determining representative monitored background
concentrations that meet all applicable monitoring requirements (such as data
completeness).153
Calculating Design Values and Determining Conformity
The 24-hour PM10 design value is calculated at each receptor by directly adding the sixthhighest modeled 24-hour concentrations (if using five years of meteorological data) to the
highest 24-hour background concentration (from three years of monitoring data).
Exhibit 9-8 (following page) illustrates how a design value would be calculated. The
steps shown in Exhibit 9-8 are described in detail below and are also described
mathematically using the formulas found in Equation Set 4 in Appendix K.
The initial step is to compare the build scenario to the NAAQS to see if the project
conforms:
 Step 1. From the air quality modeling results for the build scenario, identify the
sixth-highest 24-hour concentration for each receptor (across five years of
meteorological data, in most cases). When using AERMOD, the model can be
configured to produce these values.154 When using CAL3QHCR, output needs to
be post-processed to obtain the sixth-highest values from five years of
meteorological data.
 Step 2. Identify the receptor with the highest sixth-highest 24-hour concentration.
That is, compare the sixth-highest modeled concentrations (i.e., the concentrations
151

Section 7.5.3 of this guidance provides further information on the number of years of meteorological
data used in air quality modeling.
152
See description in Section 7.2.1.1 of Appendix W. Users with one year of site-specific meteorological
data should select the 2nd highest 24-hour PM10 concentration. If using less than one year of meteorological
data (such as one quarter), users should select the highest 24-hour concentration.
153
The interagency consultation process should be used when situations require incorporation of any CTM
results into design value calculations.
154
For example, users could employ the RECTABLE keyword in the AERMOD output pathway. See
Appendix J to this guidance for further information.
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at Rank 6) across receptors and identify the receptor with the highest value at
Rank 6.
Step 3. Identify the highest 24-hour background concentration from the three
most recent years of air quality monitoring data.155
Step 4. For the receptor identified in Step 2, add the sixth-highest 24-hour
modeled concentration to the highest 24-hour background concentration (from
Step 3).
Step 5. Round to the nearest 10 g/m3. The result is the highest 24-hour PM10
design value in the build scenario.

Exhibit 9-8. Determining Conformity to the 24-hour PM10 NAAQS

155

24-hour PM10 concentrations for any monitoring site reported to EPA’s Air Quality System can be
obtained by using the data download tools available at: www.epa.gov/airexplorer/monitor_kml.htm.
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The project sponsor should then compare the design value from Step 5 to the 24-hour
PM10 NAAQS (currently 150 g/m3). If the design value calculated in Step 5 is less than
or equal to the NAAQS, the project conforms. If the design value is greater than the
NAAQS, the project sponsor should then continue to Step 6:
 Step 6. For each receptor in the build scenario, add the sixth-highest 24-hour
modeled concentration (from Step 1) to the highest 24-hour background
concentration from the three most recent years of air quality monitoring data
(from Step 3).
 Step 7. Round to the nearest 10 g/m3. At each receptor, this value is the 24
hour PM10 design value for the build scenario. Identify all receptors that exceed
the 24-hour PM10 NAAQS.
 Step 8. From the no-build air quality modeling results, identify the sixth-highest
24-hour concentration for each receptor identified in Step 7.
 Step 9. Add the sixth-highest 24-hour modeled concentration in the no-build
scenario (from Step 8) to the highest 24-hour background concentration from the
three most recent years of air quality monitoring data (from Step 3).
 Step 10. Round to the nearest 10 g/m3. The result is the 24-hour PM10 design
value under the no-build scenario for each receptor identified in Step 7.
For each receptor with a design value that exceeded the NAAQS in the build scenario,
compare the build design value (from Step 7) to the no-build design value (from Step 10).
For the project to conform, the build design value must be less than or equal to the nobuild design value at each receptor in the build scenario that exceeded the NAAQS (Step
7).156
If the build scenario design value is greater than the no-build design value at any
appropriate receptor, the project sponsor should then consider additional mitigation and
control measures, and revise the PM hot-spot analysis accordingly. Mitigation and
control measures could also be considered at any other point in the analysis before the
project-level conformity determination is made. Refer to Section 10 for a discussion of
potential measures.
More advanced methods of calculating a PM10 design value, such as combining modeled
and monitored concentrations on a quarterly basis, may be considered on a case-by-case
basis by the EPA Regional Office, OTAQ, and OAQPS. Any alternative methods for
calculating PM10 design values must be evaluated and chosen through the process
established by each area’s interagency consultation procedures (40 CFR 93.105(c)(1)(i)).

156

In certain cases, project sponsors can also decide to calculate the design values for all receptors in the
build and no-build scenarios and use the interagency consultation process to determine whether a “new”
violation has been relocated (see Section 9.2).
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9.4

DETERMINING APPROPRIATE RECEPTORS FOR COMPARISON TO THE
ANNUAL PM2.5 NAAQS

Note: Section 9.4 has been revised in accordance with EPA’s 2012 PM NAAQS final
rule that was published on January 15, 2013 (78 FR 3264).157
9.4.1

Overview

When hot-spot analyses are done for the annual PM2.5 NAAQS, there is an additional step
that may be necessary in certain cases to determine whether a receptor is appropriate to
compare to this NAAQS. In the March 2006 final rule, EPA stated that PM2.5 hot-spot
analyses would be consistent with how the PM2.5 NAAQS are developed, monitored, and
implemented (71 FR 12471). Receptors cannot be used for PM2.5 hot-spot analyses if
they are at locations that would not be appropriate for air quality monitoring purposes for
the NAAQS. An “appropriate receptor location” under Section 93.123(c)(1) of the
conformity rule is a location that is suitable for comparison to the relevant NAAQS,
consistent with how the PM NAAQS are established and monitored for air quality
planning purposes.158
As a result of EPA’s 2012 PM NAAQS final rule, in the majority of hot-spot analyses for
the annual PM2.5 NAAQS, project sponsors will not need to determine whether air quality
modeling receptor locations are appropriate for conformity purposes, because all
locations will generally be considered appropriate. However, there may be cases in which
the analysis area includes receptors that are not representative of area-wide air quality
because they are at unique locations, pursuant to the PM NAAQS final rule including
Section 58.1, Section 58.30(a) and Section 4.7.1 of Appendix D to 40 CFR Part 58. In
these cases, further consideration may be needed after air quality modeling is completed
to determine whether any of the modeled receptors are not appropriate for comparison to
the annual PM2.5 NAAQS, as discussed further below. If conformity requirements are
met at all receptors, it is unnecessary to determine whether receptors are appropriate for
comparison to the annual PM2.5 NAAQS; in such a case, project sponsors can conclude
that conformity requirements are met at all appropriate receptors.
9.4.2

2012 PM NAAQS final rule and revised conformity guidance

The paragraphs below describe the relevant regulatory provisions and revised guidance
for calculating design values and determining conformity for the annual PM2.5 NAAQS,
through the steps described in Section 9.3.2.

157

EPA committed to “review whether there is a need to issue new or revised transportation conformity
guidance in light of this final rule.” (78 FR 3264) EPA is fulfilling this commitment through this guidance
revision. The previous version of Section 9.4 was issued in December 2010, EPA-420-B-10-040.
158
See CAA Section 176(c)(1)(B). EPA interprets “NAAQS” in this provision to mean the specific
NAAQS that has been established through rulemaking.
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Overview of 2012 PM NAAQS Final Rule
In the 2012 PM NAAQS final rule, EPA revised the form of the annual PM2.5 NAAQS to
protect the public health of “populations living near important sources of PM2.5, including
the large populations that live near major roadways.” (78 FR 3127)159 This final rule also
included revisions to the PM2.5 monitoring regulations which are covered in more detail
below.
The annual PM2.5 NAAQS is to be monitored at “area-wide” locations, which is defined
under 40 CFR 58.1:
“Area-wide means all monitors sited at neighborhood, urban, and regional
scales, as well as those monitors sited at either micro- or middle-scale that
are representative of many such locations in the same CBSA.”160
In order to be consistent with the revised annual PM2.5 NAAQS, an appropriate receptor
for hot-spot analyses for this NAAQS must also represent area-wide air quality.
EPA also added a near-road component to the PM2.5 monitoring network “to provide
characterization of concentrations in near-road environments including for comparison to
the NAAQS.” (78 FR 3238). In establishing this new requirement, EPA has “made a
determination to protect all area-wide locations, including those locations with
populations living near major roads that are representative of many such locations
throughout an area.” (78 FR 3240)
In the final rule, EPA also clarified what monitoring sites are eligible for comparison to
the annual PM2.5 NAAQS, and what unique locations may not be appropriate for
comparison to the annual PM2.5 NAAQS. Section 58.30(a) of the monitoring regulations
states:
“PM2.5 measurement data from all eligible monitors that are representative
of area-wide air quality are comparable to the annual PM2.5 NAAQS.
Consistent with appendix D to this part, section 4.7.1, when micro- or
middle-scale PM2.5 monitoring sites collectively identify a larger region of
localized high ambient PM2.5 concentrations, such sites would be
considered representative of an area-wide location and, therefore, eligible
for comparison to the annual PM2.5 NAAQS. PM2.5 measurement data
from monitors that are not representative of area-wide air quality but
rather of relatively unique micro-scale, or localized hotspot, or unique
middle-scale impact sites are not eligible for comparison to the annual
PM2.5 NAAQS. PM2.5 measurement data from these monitors are eligible
for comparison to the 24-hour PM2.5 NAAQS. For example, if a micro- or
middle-scale PM2.5 monitoring site is adjacent to a unique dominating
159

See 78 FR 3124-7 for more on the form of the annual PM2.5 NAAQS.
This requirement does not have to be satisfied for monitoring the 24-hour PM2.5 NAAQS or the 24-hour
PM10 NAAQS.
160
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local PM2.5 source, then the PM2.5 measurement data from such a site
would only be eligible for comparison to the 24-hour PM2.5 NAAQS.” 161
EPA finalized generally what was proposed for Section 58.30(a), recognizing that “there
are cases where near-road environments can be considered a unique location...Examples
of such locations that are considered unique and should therefore not be considered
applicable to the annual PM2.5 NAAQS are explained later in section VIII.B.3.b.i.” (78
FR 3237) In this part of the preamble, EPA stated:
“We do recognize, however, the possibility that some near-road
monitoring stations may be representative of relatively unique locations
versus the more representative area-wide situation mentioned above. This
could occur because an air agency made a siting decision based on NO2
criteria that resulted in the characterization of a microscale environment
that is not considered area-wide for PM2.5; for example, due to proximity
to a unique source like a tunnel entrance, nearby major point source, or
other relatively unique microscale hot spot. In these types of scenarios, air
agencies would identify the site as a unique monitor comparable only to
the 24-hour PM2.5 NAAQS per the language in section 58.30….” (78 FR
3241)
See 78 FR 3234-41 of the preamble to the PM NAAQS final rule for further information
on the above revisions to the PM2.5 monitoring regulations.
Revised Conformity Guidance
Section 9.3.2 includes an approach for conducting build/no-build analyses for the annual
PM2.5 NAAQS, in which the appropriateness of receptors is determined only in cases
where a design value in the build scenario is higher than the NAAQS and the design
value in the no-build scenario. As noted above, if conformity requirements are met at all
receptors, it is unnecessary to determine whether receptors are not appropriate for
comparison to the annual PM2.5 NAAQS; in such a case, project sponsors can conclude
that conformity requirements are met at all appropriate receptors. Also as noted above,
the majority of hot-spot analyses for the annual PM2.5 NAAQS will meet Section
93.123(c)(1) of the conformity rule without specifically determining whether air quality
modeling receptor locations are appropriate for conformity purposes, because all
locations will generally be considered appropriate under the revised annual PM2.5
NAAQS and monitoring regulations. However, for those cases involving unique
locations – e.g., a tunnel entrance, a nearby major point source, or other relatively unique
microscale hot-spot – further consideration for appropriate receptors would be needed
after air quality modeling is completed for the annual PM2.5 NAAQS.162
161

See Section 4.7.1(b) and Section 4.7.1(c) of Appendix D to 40 CFR Part 58 for further background on
middle and microscale locations.
162
As discussed in Section 7.6, receptors can be placed prior to air quality modeling for all PM NAAQS.
Furthermore, the appropriateness of receptor locations for the 24-hour PM2.5 NAAQS (and 24-hour PM10
NAAQS) can be determined prior to air quality modeling.
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Consistent with 40 CFR 58.30(a) of the PM2.5 monitoring regulations, the air quality
modeling results for the PM hot-spot analysis will provide critical information for
determining whether there is a large region of high PM2.5 concentrations, especially if
high concentrations are predicted in a large number of adjacent receptors. In order to
determine if “a larger region of localized high ambient PM2.5 concentrations” is present in
a given PM hot-spot analysis, it is critical to know which receptors have concentrations
above the NAAQS. If a significant number of similar adjacent receptors have high
concentrations representing a large portion of the project area, such receptors may
represent area-wide air quality, and not represent unique locations. Such an assessment
cannot be done qualitatively prior to air quality modeling.
Evaluating and choosing the models and associated methods and assumptions, including
appropriate receptor locations for the annual PM2.5 NAAQS, must be completed through
the process established by each area’s interagency consultation procedures (40 CFR
93.105(c)(1)(i)). State and local air quality agencies and EPA have significant expertise
in air quality planning and monitoring purposes and may be useful resources in
determining appropriate receptor locations for the annual PM2.5 NAAQS.

9.5

DOCUMENTING CONFORMITY DETERMINATION RESULTS

Once a PM hot-spot analysis is completed, details need to be documented in the
conformity determination. See Section 3.10 for more information on properly
documenting a PM hot-spot analysis, including modeling data, assumptions, and results.
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Section 10: Mitigation and Control Measures
10.1 INTRODUCTION
This section describes mitigation and control measures that could be considered by
project sponsors to reduce emissions and any predicted new or worsened PM NAAQS
violations. These measures can be applied to the transportation project itself or other PM
sources in the project area. Written commitments for mitigation or control measures
must be obtained from the project sponsor and/or operator, or other emission source’s
owner and/or operator, as appropriate, prior to making a project-level conformity
determination (40 CFR 93.123(c)(4) and 93.125(a)). If measures are selected, additional
emissions and air quality modeling will need to be completed and new design values
calculated to ensure that conformity requirements are met.
The following information provides more details on potential measures for PM hot-spot
analyses; others may be possible. Evaluating and choosing any models and associated
methods and assumptions for any measures that are relied upon in the PM hot-spot
analysis must be completed through the process established by each area’s interagency
consultation procedures (40 CFR 93.105(c)(1)(i)). The models, methods, and
assumptions used to quantify reductions should be documented in the final project-level
conformity determination.
General categories of mitigation and control measures that could be considered include:
 Retrofitting, replacing vehicles/engines, and using cleaner fuels;
 Reducing idling;
 Redesigning the transportation project itself;
 Controlling fugitive dust; and
 Controlling other sources of emissions.
More information is provided for each of these categories below.

10.2 MITIGATION AND CONTROL MEASURES BY CATEGORY
10.2.1 Retrofitting, replacing vehicles/engines, and using cleaner fuels


The installation of retrofit devices on older, higher emitting vehicles is one way to
reduce emissions. Retrofit devices such as Diesel Particulate Filters (DPFs) or
Diesel Oxidation Catalysts (DOCs) can be installed on diesel truck or bus fleets,
and off-road construction equipment when applicable to lower emissions cost
effectively.163

163

It would be appropriate to replace or retrofit construction equipment in those cases where construction
emissions are included in the analysis (i.e., when construction emissions are not considered temporary).
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Replacing older engines with newer, cleaner engines, including engines powered
by compressed natural gas (CNG), liquefied natural gas (LNG), biodiesel, or
electricity is another way to reduce emissions from existing diesel truck or bus
fleets. Many engines can also benefit from being rebuilt, repaired, upgraded to a
more recent standard, and properly maintained. The emission reduction
calculations should take into account whether retired vehicles or engines are
permanently scrapped.



The accelerated retirement or replacement of older heavy-duty diesel vehicles
with cleaner vehicles is another way to reduce emissions. A replacement program
could apply to buses, trucks, or construction equipment.164 In some areas, local
regulations to ban older trucks at specific port facilities have encouraged early
replacement of vehicles. Such an option would need to be discussed with the
local government with implementing authority.
o For additional information about quantifying the benefits of retrofitting
and replacing diesel vehicles and engines for conformity determinations,
see EPA’s website for the most recent guidance on this topic:
www.epa.gov/otaq/stateresources/transconf/policy.htm.
o Also see EPA’s National Clean Diesel Campaign website, which includes
information about retrofitting vehicles, including lists of EPA-verified
retrofit technologies and certified technologies; clean fuels; grants; case
studies; toolkits; and partnership programs: www.epa.gov/otaq/diesel/.

10.2.2 Reduced idling programs


Anti-idling programs for diesel trucks or buses may be relevant for projects where
significant numbers of diesel vehicles are congregating for extended periods of
time (e.g., restrictions on long duration truck idling, truck stop electrification, or
time limits on bus idling at a terminal).
o For additional information about quantifying the benefits of anti-idling
programs for conformity determinations, see EPA’s website for the most
recent guidance on this topic:
www.epa.gov/otaq/stateresources/transconf/policy.htm.
o A list of EPA-verified anti-idle technologies for trucks can be found at:
www.epa.gov/otaq/smartway/transport/what-smartway/verified
technologies.htm.

164

The Federal Transit Administration (FTA) has minimum service life requirements for transit vehicles
purchased with FTA funds. If a transit agency disposes of a vehicle earlier than its full useful service life,
it will incur a payback penalty. Please refer to Chapter IV of FTA Circular 5010.1D for the establishment
and calculation of a vehicle's useful service life. In addition, Appendix D of the circular address the useful
life calculation and disposition of vehicles acquired with FTA funds:
www.fta.dot.gov/documents/C_5010_1D_Finalpub.pdf.
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10.2.3 Transportation project design revisions


For transit and other terminals, project sponsors could consider redesigning the
project to reduce the number of diesel vehicles congregating at any one location.
Terminal operators can also take steps to improve gate operations to reduce
vehicle idling inside and outside the facility. Fewer diesel vehicles congregating
could reduce localized PM2.5 or PM10 emissions for transit and other terminal
projects.
o A list of strategies to reduce emissions from trucks operating at marine
and rail terminals are available at:
www.epa.gov/otaq/smartway/transport/partner-resources/resources
publications.htm.



It may be possible in some cases to route existing or projected traffic away from
populated areas to an industrial setting (e.g., truck only lanes). Project sponsors
should take into account any changes in travel activity, including additional VMT,
that would result from rerouting this traffic. Note that this option may also
change the air quality modeling receptors that are examined in the PM hot-spot
analysis.



Finally, project sponsors could consider additional modes for travel and goods
movement. An example would be transporting freight by cleaner rail instead of
by highway (e.g., putting port freight on electric trains instead of transporting it
by truck).

10.2.4 Fugitive dust control programs
Fugitive dust control programs will primarily be applicable in PM10 hot-spot analyses,
since all PM10 nonattainment and maintenance areas must include these emissions in such
analyses. However, there may be PM2.5 nonattainment and maintenance areas that also
could take advantage of these measures if re-entrained road dust or construction dust is
required for a PM2.5 hot-spot analysis. See Section 2.5 for further background.


A project sponsor could commit to cover any open trucks used in construction of
the project if construction emissions are included in an analysis year. Some states
have laws requiring that open truck containers be covered to reduce dispersion of
material. Laws may differ in terms of requirements, e.g., some require covering
at all times, some require covering in limited circumstances, and some restrict
spillage.



A project sponsor could employ or obtain a commitment from another local
agency to implement a street cleaning program. There is a variety of equipment
available for this purpose and such programs could include vacuuming or flushing
techniques. There have been circumstances where municipalities have
implemented street sweeping programs for air quality purposes.
151



Another option to reduce dust could be a site-watering program, which may be
relevant during the construction phase of a project, if construction emissions are
included in the PM hot-spot analysis.



Project sponsors may consider street and shoulder paving and runoff and erosion
control in the project area, which can reduce significant quantities of dust.



It may also be possible to reduce the use of sand in snow and ice control
programs, to apply additional chemical treatments, or to use harder material (that
is less likely to grind into finer particles).

10.2.5 Addressing other source emissions
Note: Controlling emissions from other sources may sufficiently reduce background
concentrations in the PM hot-spot analysis.


Reducing emissions from school buses may be relevant where such emissions are
part of background concentrations. Information about retrofitting, replacing, and
reducing idling of school buses can be found on EPA’s website at:
www.epa.gov/otaq/schoolbus/index.htm.



Reducing emissions from ships, cargo handling equipment and other vehicles at
ports may change the result of the PM hot-spot analysis. Options such as
retrofitting, repowering, or replacing engines or vehicles, use of cleaner fuels, or
“cold ironing” (that allows ships to plug in to shore-side power units) could be
relevant where these sources significantly influence background concentrations in
the project area. More information about reducing emissions at ports can be
found on EPA’s website at: www.epa.gov/otaq/diesel/ports/index.htm and
www.epa.gov/otaq/smartway/transport/partner-resources/resources
publications.htm.



Adopting locomotive anti-idling policies or other measures. For additional
information, see the following EPA resources:
o “Guidance for Quantifying and Using Long Duration Switch Yard
Locomotive Idling Emission Reductions in State Implementation Plans,”
EPA420-B-04-09-037 (October 2009) available at:
www.epa.gov/otaq/diesel/documents/420b09037.pdf.
o EPA-verified anti-idle technologies for locomotives can be found at:
www.epa.gov/otaq/smartway/transport/what-smartway/verified
technologies.htm.



Remanufacturing existing locomotives to meet more stringent standards at a rate
faster than the historical average, or using only Tier 3 and/or Tier 4 locomotives
at a proposed terminal (once such locomotives become available).

152



Reducing emissions from a stationary source might also change the result of the
PM hot-spot analysis. Reductions could come from adding a control technology
to a stationary source or adopting policies to reduce peak emissions at such a
source. EPA and the state and/or local air quality agency could provide input on
the feasibility and implementation of such a measure, as well as any necessary
commitments to such measures from operators.
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Appendix A:
Clearinghouse of Websites, Guidance, and Other Technical
Resources for PM Hot-spot Analyses
A.1

INTRODUCTION

This appendix is a centralized compilation of documents and websites referenced in the
guidance, along with additional technical resources that may be of use when completing
quantitative PM hot-spot analyses. Refer to the appropriate sections of the guidance for
complete discussions on how to use these resources in the context of completing a
quantitative PM hot-spot analysis. The references listed are current as of this writing;
readers are reminded the check for the latest versions when using them for a particular
PM hot-spot analysis.

A.2

TRANSPORTATION CONFORMITY AND CONTROL MEASURE GUIDANCE

The EPA hosts an extensive library of transportation conformity guidance online at:
www.epa.gov/otaq/stateresources/transconf/policy.htm (unless otherwise noted). The
following specific guidance documents, in particular, may be useful references when
implementing PM hot-spot analyses:


“Policy Guidance on the Use of MOVES2010 for SIP Development and
Transportation Conformity, and Other Purposes,” EPA-420-B-09-046 (December
2009). This document describes how and when to use the MOVES2010
emissions model for SIP development, transportation conformity determinations,
and other purposes.



“EPA Releases MOVES2010 Mobile Source Emissions Model: Questions and
Answers,” EPA-420-F-09-073 (December 2009).



“EPA Releases MOVES2010a Mobile Source Emissions Model Update:
Questions and Answers,” EPA-420-F-10-050 (August 2010).



“Technical Guidance on the Use of MOVES2010 for Emission Inventory Prepara
tion in State Implementation Plans and Transportation Conformity,” EPA-420-B
10-023 (December 2009). This document provides guidance on appropriate input
assumptions and sources of data for the use of MOVES2010 in SIP submissions
and regional emissions analyses for transportation conformity purposes.



EPA and FHWA, “Transportation Conformity Guidance for Qualitative Hot-spot
Analyses in PM2.5 and PM10 Nonattainment and Maintenance Areas,” EPA-420
B-06-902 (March 2006).
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EPA and FHWA, “Guidance for the Use of Latest Planning Assumptions in
Transportation Conformity Determinations,” EPA-420-B-08-901 (December
2008).



“Guidance for Developing Transportation Conformity State Implementation
Plans,” EPA-420-B-09-001 (January 2009).



EPA-verified anti-idle technologies (including technologies that pertain to trucks)
can be found at: www.epa.gov/otaq/smartway/transport/what-smartway/verified
technologies.htm#idle.



For additional information about quantifying the benefits of retrofitting and
replacing diesel vehicles and engines for conformity determinations, see EPA’s
website for the most recent guidance on this topic:
www.epa.gov/otaq/stateresources/transconf/policy.htm.



For additional information about quantifying and using long duration truck idling
benefits for conformity determinations, see EPA’s website for the most recent
guidance on this topic: www.epa.gov/otaq/stateresources/transconf/policy.htm.

FHWA’s transportation conformity site has additional conformity information, including
examples of qualitative PM hot-spot analyses. Available at:
www.fhwa.dot.gov/environment/air_quality/conformity/practices/.

A.3

MOVES MODEL TECHNICAL INFORMATION AND USER GUIDES

MOVES, any future versions of the model, the latest user guides, and technical
information can be found at www.epa.gov/otaq/models/moves/index.htm, including the
following:


“User Guide for MOVES2010a.” This guide provides detailed instructions for
setting up and running MOVES2010a. Available at
www.epa.gov/otaq/models/moves/index.htm.

Policy documents and Federal Register announcements related to the MOVES model can
be found on the EPA’s website at:
www.epa.gov/otaq/stateresources/transconf/policy.htm#models.
Guidance on using the MOVES model at the project level, as well as illustrative
examples of using MOVES for quantitative PM hot-spot analyses, can be found in
Section 4 of the guidance and in Appendices D, E and F.
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A.4

EMFAC2007 MODEL TECHNICAL INFORMATION, USER GUIDES, AND
OTHER GUIDANCE

EMFAC2007, its user guides, and any future versions of the model can be downloaded
from the California Air Resources Board website at:
www.arb.ca.gov/msei/onroad/latest_version.htm.
Policy documents and Federal Register announcements related to the EMFAC model can
be found on the EPA’s website at:
www.epa.gov/otaq/stateresources/transconf/policy.htm#models.
Supporting documentation for EMFAC, including the technical memorandum “Revision
of Heavy Heavy-Duty Diesel Truck Emission Factors and Speed Correction Factors”
cited in Section 5 of this guidance, can be found at
www.arb.ca.gov/msei/supportdocs.htm#onroad.
Instructions on using the EMFAC model at the project level, as well as examples of using
EMFAC for quantitative PM hot-spot analyses, can be found in Section 5 of the guidance
and in Appendices G and H.

A.5

DUST EMISSIONS METHODS AND GUIDANCE

Information on calculating emissions from paved roads, unpaved roads, and construction
activities can be found in AP-42, Chapter 13 (Miscellaneous Sources). AP-42 is EPA’s
compilation of data and methods for estimating average emission rates from a variety of
activities and sources from various sectors. Refer to EPA’s website to access the latest
versions of AP-42 sections and for more information about AP-42 in general:
www.epa.gov/ttn/chief/ap42/index.html.
Guidance on calculating dust emissions for PM hot-spot analyses can be found in Section
6 of the guidance.

A.6

LOCOMOTIVE EMISSIONS GUIDANCE

The following guidance documents, unless otherwise noted, can be found on or through
the EPA’s locomotive emissions website at: www.epa.gov/otaq/locomotives.htm:


“Procedure for Emission Inventory Preparation - Volume IV: Mobile Sources,”
Chapter 6. Available online at: www.epa.gov/OMS/invntory/r92009.pdf. Note
that the emissions factors listed in Volume IV have been superseded by the April
2009 publication listed below for locomotives certified to meet EPA standards.

A-3



“Emission Factors for Locomotives,” EPA-420-F-09-025 (April 2009). Available
online at: www.epa.gov/otaq/regs/nonroad/locomotv/420f08014.htm.



“Control of Emissions from Idling Locomotives,” EPA-420-F-08-014 (March
2008).



“Guidance for Quantifying and Using Long Duration Switch Yard Locomotive
Idling Emission Reductions in State Implementation Plans,” EPA-420-B-04-002
(January 2004). Available online at:
www.epa.gov/otaq/smartway/documents/420b04002.pdf.



EPA-verified anti-idle technologies (including technologies that pertain to
locomotives) can be found at: www.epa.gov/otaq/smartway/transport/what
smartway/verified-technologies.htm#idle.

Guidance on calculating locomotive emissions for PM hot-spot analyses can be found in
Section 6 of the guidance and in Appendix I.

A.7

AIR QUALITY DISPERSION MODEL TECHNICAL INFORMATION AND
USER GUIDES

The latest version of “Guideline on Air Quality Models” (Appendix W to 40 CFR Part
51) (dated 2005 as of this writing) can be found on EPA’s SCRAM website at:
www.epa.gov/scram001/guidance_permit.htm.
Both AERMOD and CAL3QHCR models and related documentation can be obtained
through EPA’s Support Center for Regulatory Air Models (SCRAM) web site at:
www.epa.gov/scram001. In particular, the following guidance may be useful when
running these models:


AERMOD Implementation Guide



AERMOD User Guide (“User’s Guide for the AMS/EPA Regulatory Model –
AERMOD”)



CAL3QHCR User Guide (“User’s Guide to CAL3QHC Version 2.0: A Modeling
Methodology for Predicting Pollutant Concentrations Near Roadway
Intersections”)



MPRM User Guide



AERMET User Guide
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Information on locating and considering air quality monitoring sites can be found in 40
CFR Part 58 (Ambient Air Quality Surveillance), particularly in Appendices D and E to
that part.
Guidance on selecting and using an air quality model for quantitative PM hot-spot
analyses can be found in Sections 7 and 8 of the guidance and in Appendix J. Illustrative
examples of using an air quality model for a PM hot-spot analysis can be found in
Appendices E and F.

A.8

TRANSPORTATION DATA AND MODELING CONSIDERATIONS

The following is a number of technical resources on transportation data and modeling
which may help implementers determine the quality of their inputs and the sensitivity of
various data.
A.8.1 Transportation model improvement
The FHWA Travel Model Improvement Program (TMIP) provides a wide range of
services and tools to help planning agencies improve their travel analysis techniques.
Available online at: http://tmip.fhwa.dot.gov/.
A.8.2 Speed
“Evaluating Speed Differences between Passenger Vehicles and Heavy Trucks for
Transportation-Related Emissions Modeling.” Available online at:
www.ctre.iastate.edu/reports/truck_speed.pdf.
A.8.3 Project level planning
“NCHRP 255: Highway Traffic Data for Urbanized Area Project Planning and Design.”
Available online at:
http://tmip.fhwa.dot.gov/sites/tmip.fhwa.dot.gov/files/NCHRP_255.pdf.
A.8.4 Traffic analysis
Traffic Analysis Toolbox website: http://ops.fhwa.dot.gov/trafficanalysistools/.
“Traffic Analysis Toolbox Volume I: Traffic Analysis Tools Primer.” Federal Highway
Administration, FHWA-HRT-04-038 (June 2004). Available online at:
http://ops.fhwa.dot.gov/trafficanalysistools/tat_vol1/vol1_primer.pdf.
The Highway Capacity Manual Application Guidebook. Transportation Research Board,
Washington, D.C., 2003. Available online at: http://hcmguide.com/.
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The Highway Capacity Manual 2000. Transportation Research Board, Washington,
D.C., 2000. Not available online; purchase information available at:
http://144.171.11.107/Main/Public/Blurbs/Highway_Capacity_Manual_2000_152169.asp
x. As of this writing, the 2000 edition is most current; the most recent version of the
manual, and the associated guidebook, should be consulted when completing PM hotspot analyses.
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Appendix B:
Examples of Projects of Local Air Quality Concern
B.1

INTRODUCTION

This appendix gives additional guidance on what types of projects may be projects of
local air quality concern requiring a quantitative PM hot-spot analysis under 40 CFR
93.123(b)(1). However, as noted elsewhere in this guidance, PM10 nonattainment and
maintenance areas with approved conformity SIPs that include PM10 hot-spot provisions
from previous rulemakings must continue to follow those approved conformity SIP
provisions until the SIP is revised; see Appendix C for more information.

B.2

EXAMPLES OF PROJECTS THAT REQUIRE PM HOT-SPOT ANALYSES

EPA noted in the March 2006 final rule that the examples below are considered to be the
most likely projects that would be covered by 40 CFR 93.123(b)(1) and require a PM2.5
or PM10 hot-spot analysis (71 FR 12491).1
Some examples of projects of local air quality concern that would be covered by 40 CFR
93.123(b)(1)(i) and (ii) are:
 A project on a new highway or expressway that serves a significant volume of
diesel truck traffic, such as facilities with greater than 125,000 annual average
daily traffic (AADT) and 8% or more of such AADT is diesel truck traffic;
 New exit ramps and other highway facility improvements to connect a highway or
expressway to a major freight, bus, or intermodal terminal;
 Expansion of an existing highway or other facility that affects a congested
intersection (operated at Level-of-Service D, E, or F) that has a significant
increase in the number of diesel trucks; and,
 Similar highway projects that involve a significant increase in the number of
diesel transit busses and/or diesel trucks.
Some examples of projects of local air quality concern that would be covered by 40 CFR
93.123(b)(1)(iii) and (iv) are:
 A major new bus or intermodal terminal that is considered to be a “regionally
significant project” under 40 CFR 93.1012; and,
1

EPA also clarified 93.123(b)(1)(i) in the January 24, 2008 final rule (73 FR 4435-4436).
40 CFR 93.101 defines a “regionally significant project” as “a transportation project (other than an
exempt project) that is on a facility which serves regional transportation needs (such as access to and from
the area outside of the region, major activity centers in the region, major planned developments such as
new retail malls, sports complexes, etc., or transportation terminals as well as most terminals themselves)
and would normally be included in the modeling of a metropolitan area’s transportation network, including
at a minimum all principal arterial highways and all fixed guideway transit facilities that offer an
alternative to regional highway travel.”
2

B-1



An existing bus or intermodal terminal that has a large vehicle fleet where the
number of diesel buses increases by 50% or more, as measured by bus arrivals.

A project of local air quality concern covered under 40 CFR 93.123(b)(1)(v) could be any
of the above listed project examples.

B.3

EXAMPLES OF PROJECTS THAT DO NOT REQUIRE PM HOT-SPOT
ANALYSES

The March 2006 final rule also provided examples of projects that would not be covered
by 40 CFR 93.123(b)(1) and would not require a PM2.5 or PM10 hot-spot analysis (71 FR
12491).
The following are examples of projects that are not a local air quality concern under 40
CFR 93.123(b)(1)(i) and (ii):
 Any new or expanded highway project that primarily services gasoline vehicle
traffic (i.e., does not involve a significant number or increase in the number of
diesel vehicles), including such projects involving congested intersections
operating at Level-of-Service D, E, or F;
 An intersection channelization project or interchange configuration project that
involves either turn lanes or slots, or lanes or movements that are physically
separated. These kinds of projects improve freeway operations by smoothing
traffic flow and vehicle speeds by improving weave and merge operations, which
would not be expected to create or worsen PM NAAQS violations; and,
 Intersection channelization projects, traffic circles or roundabouts, intersection
signalization projects at individual intersections, and interchange reconfiguration
projects that are designed to improve traffic flow and vehicle speeds, and do not
involve any increases in idling. Thus, they would be expected to have a neutral or
positive influence on PM emissions.
Examples of projects that are not a local air quality concern under 40 CFR
93.123(b)(1)(iii) and (iv) would be:
 A new or expanded bus terminal that is serviced by non-diesel vehicles (e.g.,
compressed natural gas) or hybrid-electric vehicles; and,
 A 50% increase in daily arrivals at a small terminal (e.g., a facility with 10 buses
in the peak hour).
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Appendix C:
Hot-Spot Requirements for PM10 Areas with Pre-2006
Approved Conformity SIPs
C.1

INTRODUCTION

This appendix describes what projects require a quantitative PM10 hot-spot analysis in
those limited cases where a state’s approved conformity SIP is based on pre-2006
conformity requirements.1 The March 10, 2006 final hot-spot rule defined the current
federal conformity requirements for what projects require a PM hot-spot analysis (i.e.,
only certain highway and transit projects that involve significant levels of diesel vehicle
traffic or any other project identified in the PM SIP as a local air quality concern).2
However, there are some PM10 nonattainment and maintenance areas where PM10 hotspot analyses are required for different types of projects, as described further below.
This appendix will be relevant for only a limited number of PM10 nonattainment and
maintenance areas with pre-2006 approved conformity SIPs. This appendix is not
relevant for any PM2.5 nonattainment or maintenance areas, since the current federal
PM2.5 hot-spot requirements apply in all such areas. Project sponsors can use the
interagency consultation process to verify applicable requirements before beginning a
quantitative PM10 hot-spot analysis.

C.2

PM10 AREAS WHERE THE PRE-2006 HOT-SPOT REQUIREMENTS APPLY

Prior to the March 2006 final rule, the federal conformity rule required some type of hotspot analysis for all non-exempt federally funded or approved projects in PM10
nonattainment and maintenance areas. These pre-2006 requirements are in effect for
those states with an approved conformity SIP that includes the pre-2006 hot-spot
requirements.
In PM10 areas with approved conformity SIPs that include the pre-2006 hot-spot
requirements, a quantitative PM10 hot-spot analysis is required for the following types of
projects:
 Projects which are located at sites at which PM10 NAAQS violations have
been verified by monitoring;
 Projects which are located at sites which have vehicle and roadway emission
and dispersion characteristics that are essentially identical to those of sites

1

A “conformity SIP” includes a state’s specific criteria and procedures for certain aspects of the
transportation conformity process (40 CFR 51.390).
2
See Section 2.2 and Appendix B of this guidance and the preamble of the March 2006 final rule (71 FR
12491-12493).
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with verified violations (including sites near one at which a violation has been
monitored); and
New or expanded bus and rail terminals and transfer points which increase the
number of diesel vehicles congregating at a single location.

This guidance should be used to complete any quantitative PM10 hot-spot analyses.
In addition, a qualitative PM10 hot-spot analysis is required in the pre-2006 hot-spot
requirements for all other non-exempt federally funded or approved projects. For such
analyses, consult the 2006 EPA-FHWA qualitative hot-spot guidance.3
These pre-2006 hot-spot requirements continue to apply in PM10 areas with approved
conformity SIPs that include them until the state acts to change the conformity SIP. The
conformity rule at 40 CFR 51.390 states that conformity requirements in approved
conformity SIPs “remain enforceable until the state submits a revision to its [conformity
SIP] to specifically remove them and that revision is approved by EPA.”

C.3

REVISING A CONFORMITY SIP

EPA strongly encourages affected states to revise pre-2006 provisions and take advantage
of the streamlining flexibilities provided by the current Clean Air Act. EPA’s January
2008 final conformity rule significantly streamlined the requirements for conformity SIPs
in 40 CFR 51.390. 4 As a result, conformity SIPs are now required to include only three
provisions (consultation procedures and procedures regarding written commitments)
rather than all of the provisions of the federal conformity rule.
EPA recommends that states with pre-2006 PM10 hot-spot requirements in their
conformity SIPs act to revise them to reduce the number of projects where a hot-spot
analysis is required. In affected PM10 areas, the current conformity rule’s PM10 hot-spot
requirements at 40 CFR 93.123(b)(1) and (2) will be effective only when a state either:
 Withdraws the existing provisions from its approved conformity SIP and EPA
approves this SIP revision, or
 Revises its approved conformity SIP consistent with the requirements found at 40
CFR 93.123(b) and EPA approves this SIP revision.

3

“Transportation Conformity Guidance for Qualitative Hot-spot Analyses in PM2.5 and PM10
Nonattainment and Maintenance Areas,” EPA420-B-06-902, found on EPA’s website at:
www.epa.gov/otaq/stateresources/transconf/policy/420b06902.pdf.
4
“Transportation Conformity Rule Amendments to Implement Provisions Contained in the 2005 Safe,
Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU); Final
Rule,” 73 FR 4420.
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Affected states should contact their EPA Regional Office to proceed with one of these
two options. For more information about conformity SIPs, see EPA’s “Guidance for
Developing Transportation Conformity State Implementation Plans (SIPs),” EPA-420-B
09-001 (January 2009); available online at:
www.epa.gov/otaq/stateresources/transconf/policy/420b09001.pdf.
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Appendix D:
Characterizing Intersection Projects for MOVES
D.1

INTRODUCTION

This appendix expands upon the discussion in Section 4.2 on how best to characterize
links when modeling an intersection project using MOVES. The MOVES emissions
model allows users to represent intersection traffic activity with a higher degree of
sophistication compared to previous models. This appendix provides several options to
describe vehicle activity to take advantage of the capabilities MOVES offers to complete
more accurate PM hot-spot analyses of intersection projects. MOVES is the approved
emissions model for PM hot-spot analyses in areas outside of California.
Exhibit D-1 is an example of a simple signalized intersection showing the links
developed by a project sponsor to represent the two general categories of vehicle activity
expected to take place at this intersection (approaching the intersection and departing the
intersection).
Exhibit D-1. Example of Approach and Departure Links for a Simple Intersection
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When modeling an intersection, each approach link or departure link can be modeled as
one or more links in MOVES depending on the option chosen to enter traffic activity.
This guidance suggests three possible options for characterizing activity on each
approach and departure link (such as those shown in Exhibit D-1):
 Option 1: Using average speeds
 Option 2: Using link drive schedules
 Option 3: Using Op-Mode distributions
While Option 1 may need to be relied upon more during the initial transition to using
MOVES, as more detailed data are available to describe vehicle activity, users are
encouraged to consider using the Options 2 and 3 to take full advantage of the
capabilities of MOVES.
Once a decision has been made on how to characterize links, users should continue to
develop the remaining MOVES inputs as discussed in Section 4 of the guidance.

D.2

OPTION 1: USING AVERAGE SPEEDS

The first option is for the user to estimate the average speeds for each link in the
intersection based on travel time and distance. Travel time should account for the total
delay attributable to traffic signal operation, including the portion of travel when the light
is green and the portion of travel when the light is red. The effect of a traffic signal cycle
on travel time includes deceleration delay, move-up time in a queue, stopped delay, and
acceleration delay. Using the intersection example given in Exhibit D-1, each approach
link would be modeled as one link to reflect the higher emissions associated with vehicle
idling through lower speeds affected by stopped delay; each departure link would be
modeled as one link to reflect the higher emissions associated with vehicle acceleration
through lower speeds affected by acceleration delay.
Project sponsors can determine congested speeds by using appropriate methods based on
best practices for highway analyses. Some resources are available through FHWA’s
Travel Model Improvement Program (TMIP).1 Methodologies for computing
intersection control delay are provided in the Highway Capacity Manual.2 All
assumptions, methods, and data underlying the estimation of average speeds and delay
should be documented as part of the PM hot-spot analysis.

1

See FHWA’s TMIP website: http://tmip.fhwa.dot.gov/.
Users should consult the most recent version of the Highway Capacity Manual. As of the release of this
guidance, the latest version is the Highway Capacity Manual 2000, which can be obtained from the
Transportation Research Board (see http://144.171.11.107/Main/Public/Blurbs/152169.aspx for details).

2
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OPTION 2: USING LINK DRIVE SCHEDULES

A more refined approach is to enter vehicle activity into MOVES as a series of link drive
schedules to represent individual segments of cruise, deceleration, idle, and acceleration
of a congested intersection. A link drive schedule defines a speed trajectory to represent
the entire vehicle fleet via second-by-second changes in speed and highway grade.
Unique link drive schedules can be defined to describe types of vehicle activity that have
distinct emission rates, including cruise, deceleration, idle, and acceleration.
Exhibit D-2 illustrates why using this more refined approach can result in a more detailed
emissions analysis. This exhibit shows the simple trajectory of a single vehicle
approaching an intersection during the red signal phase of a traffic light cycle. This
trajectory is characterized by several distinct phases (a steady cruise speed, decelerating
to a stop for the red light, idling during the red signal phase, and accelerating when the
light turns green). In contrast, the trajectory of a single vehicle approaching an
intersection during the green signal phase of a traffic light cycle is characterized by a
more or less steady cruise speed through the intersection.
Exhibit D-2. Example Single Vehicle Speed Trajectory Through a Signalized
Intersection
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For the example intersection in Exhibit D-1, link drive schedules representing the
different operating modes of vehicle activity on the approach and departure links can be
determined. For approach links, the length of a vehicle queue is dependent on the
number of vehicles subject to stopping at a red signal. Vehicles approaching a red traffic
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signal decelerate over a distance extending from the intersection stop line back to the
stopping distance required for the last vehicle in the queue. The average stopping
distance can be calculated from the average deceleration rate and the average cruise
speed. Similarly, for the departure links, vehicles departing a queue when the light turns
green accelerate over a distance extending from the end of the vehicle queue to the
distance required for the first vehicle to reach the cruise speed, given the rate of
acceleration and cruise speed. Exhibit D-3 provides an illustration of how the different
vehicle operating modes may be apportioned spatially near this signalized intersection.
Exhibit D-3. Example Segments of Vehicle Activity Near a Signalized Intersection

There are other considerations with numerous vehicles stopping and starting at an
intersection over many signal cycles during an hour. For instance, heavy trucks
decelerate and accelerate at slower rates than passenger cars. Drivers tend not to
decelerate at a constant rate, but through a combination of coasting and light and heavy
braking. Acceleration rates are initially higher when starting from a complete stop at an
intersection, becoming progressively lower to make a smooth transition to cruise speed.
In the case of an uncongested intersection, the rates of vehicles approaching and
departing the intersection are in equilibrium. Some vehicles may slow, and then speed up
to join the dissipating queue without having to come to a full stop. Once the queue
clears, approaching vehicles during the remainder of the green phase of the cycle will
cruise through the intersection virtually unimpeded.
In the case of a congested intersection, the rate of vehicles approaching the intersection is
greater than the rate of departure, with the result that no vehicle can travel through
without stopping; vehicles approaching the traffic signal, whether it is red or green, will
have to come to a full stop and idle for one or more cycles before departing the
intersection. The latest Highway Capacity Manual is a good source of information for
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vehicle operation through signalized intersections. All assumptions, methods, and data
underlying the development of link drive schedules should be documented as part of the
PM hot-spot analysis.
The MOVES emission factors for each segment of vehicle activity obtained via
individual link drive schedules are readily transferable to either AERMOD or
CAL3QHCR, as discussed further in Section 7 of the guidance. There will most likely be
a need to divide the cruise and the acceleration segments to account for differences in
approach and departure traffic volumes.
Note: For both free-flow highway and intersection links, users may directly enter output
from traffic simulation models in the form of second-by-second individual vehicle
trajectories. These vehicle trajectories for each road segment can be input into MOVES
using the Link Drive Schedule Importer and defined as unique LinkIDs. There are no
limits in MOVES as to how many links can be defined; however, model run times
increase as the user defines more links. A representative sampling of vehicles can be
used to model higher volume segments by adjusting the resulting sum of emissions to
account for the higher traffic volume. For example, if a sampling of 5,000 vehicles
(5,000 links) was used to represent the driving patterns of 150,000 vehicles, then the sum
of emissions would be adjusted by a factor of 30 to account for the higher traffic volume
(i.e., 150,000 vehicles/5,000 vehicles). Since the vehicle trajectories include idling,
acceleration, deceleration, and cruise, separate roadway links do not have to be
explicitly defined to show changes in driving patterns. The sum of emissions from each
vehicle trajectory (LinkID) represents the total emission contribution of a given road
segment.

D.4

OPTION 3: USING OP-MODE DISTRIBUTIONS

A third option is for a user to generate representative Op-Mode distributions for approach
and departure links by calculating the fraction of fleet travel times spent in each mode of
operation. For any given signalized intersection, vehicles are cruising, decelerating,
idling, and accelerating. Op-Mode distributions can be calculated from the ratios of
individual mode travel times to total travel times on approach links and departure links.
This type of information could be obtained from Op-Mode distribution data from (1)
existing intersections with similar geometric and operational (traffic) characteristics, or
(2) output from traffic simulation models for the proposed project or similar projects.
Acceleration and deceleration assumptions, methods, and data underlying the activity-to
Op-Mode calculations should be documented as part of the PM hot-spot analysis.
The following methodology describes a series of equations to assist in calculating vehicle
travel times on approach and departure links. Note that a single approach and single
departure link should be defined to characterize vehicles approaching, idling at, and
departing an intersection (e.g., there is no need for an “idling link,” as vehicle idling is
captured as part of the approach link).
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D.4.1 Approach links
When modeling each approach link, the fraction of fleet travel times in seconds (s) in
each mode of operation should be determined based on the fraction of time spent
cruising, decelerating, accelerating, and idling:
Total Fleet Travel Time (s) = Cruise Time + Decel Time + Accel Time +
Idle Time
The cruise travel time can be represented by the number of vehicles cruising multiplied
by the length of approach divided by the average cruise speed:
Cruise Time (s) = Number of Cruising Vehicles * (Length of Approach (mi) ÷
Average Cruise Speed (mi/hr)) * 3600 s/hr
The deceleration travel time can be represented by the number of vehicles decelerating
multiplied by the average cruise speed divided by the average deceleration rate:
Decel Time (s) = Number of Decelerating Vehicles * (Average Cruise Speed
(mi/hr) ÷ Average Decel Rate (mi/hr/s))
The acceleration travel time occurring on an approach link can be similarly represented.
However, to avoid double-counting acceleration activity that occurs on the departure link,
users should multiply the acceleration time by the proportion of acceleration that occurs
on the approach link (Accel Length Fraction on Approach):
Accel Time (s) = Number of Accelerating Vehicles * (Average Cruise Speed
(mi/hr) ÷ Average Accel Rate (mi/hr/s)) * Accel Length Fraction on
Approach
The idle travel time can be represented by the number of vehicles idling multiplied by the
average stopped delay (average time spent stopped at an intersection):
Idle Time (s) = Number of Idling Vehicles * Average Stopped Delay (s)
Control delay (total delay caused by an intersection) may be used in lieu of average
stopped delay, but control delay includes decelerating and accelerating travel times,
which should be subtracted out (leaving only idle time).
After calculating the fraction of time spent in each mode of approach activity, users
should select the appropriate MOVES Op-Mode corresponding to each particular type of
activity (see Section 4.5.7 for more information). The operating modes in MOVES
typifying approach links include:
 Cruise/acceleration (OpModeID 11-16, 22-25, 27-30, 33, 35, 37-40);
 Low and moderate speed coasting (OpModeID 11, 21);
 Braking (OpModeID 0, 501);
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Idling (OpModeID 1); and
Tire wear (OpModeID 400-416).

The relative fleet travel time fractions can be allocated to the appropriate Op-Modes in
MOVES. The resulting single Op-Mode distribution accounts for relative times spent in
the different driving modes (cruise, deceleration, acceleration, and idle) for the approach
link. A simple example of deriving Op-Mode distributions for a link using this
methodology is demonstrated in Step 3 of Appendix F for a bus terminal facility.
D.4.2 Departure links
When modeling each departure link, the fraction of fleet travel times spent in each mode
of operation should be determined based on the fraction of time spent cruising and
accelerating:
Total Fleet Travel Time (s) = Cruise Time + Accel Time
The cruise travel time can be represented by the number of vehicles cruising multiplied
by the travel distance divided by the average cruise speed:
Cruise Time (s) = Number of Cruising Vehicles * (Length of Departure (mi) ÷
Average Cruise Speed (mi/hr)) * 3600 s/hr
The acceleration travel time occurring during the departure link can be represented by the
number of vehicles accelerating multiplied by the average cruise speed divided by the
average acceleration rate. However, to avoid double-counting acceleration activity that
occurs on the approach link, users should multiply the resulting acceleration time by the
proportion of acceleration that occurs on the departure link (Accel Length Fraction on
Departure):
Accel Time (s) = Number of Accelerating Vehicles * (Average Cruise Speed
(mi/hr) ÷ Average Accel Rate (mi/hr/s)) * Accel Length Fraction on
Departure
After calculating fraction of time spent in each mode of departure activity, users should
select the appropriate MOVES Op-Mode corresponding to each particular type of activity
(see Section 4.5.7 for more information). The operating modes typifying departure links
include:
 Cruise/acceleration (OpModeID 11-16, 22-25, 27-30, 33, 35, 37-40); and
 Tire wear (OpModeID 401-416).
The relative fleet travel time fractions can be allocated to the appropriate Op-Modes. The
resulting single Op-Mode distribution accounts for relative times spent in the different
driving modes (cruise and acceleration) for the departure link.
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Appendix E:
Example Quantitative PM Hot-spot Analysis of a Highway
Project using MOVES and CAL3QHCR
E.1

INTRODUCTION

The purpose of this appendix is to demonstrate the procedures for completing a hot-spot
analysis using MOVES and CAL3QHCR following the basic steps described in Section
3. Readers should reference the appropriate sections in the guidance as needed for more
detail on how to complete each step of the analysis. This example is limited to showing
the build scenario; in practice, project sponsors may also have to analyze the no-build
scenario. While this example calculates emission rates using MOVES, EMFAC users
may find the air quality modeling described in this appendix helpful.
Note: The following example of a quantitative PM hot-spot analysis is highly simplified
and intended only to demonstrate the basic procedures described in the guidance. This
example uses default data in places where the use of project-specific data in a real-world
situation would be expected. In addition, actual PM hot-spot analyses could be
significantly more complex and are likely to require more documentation of data and
decisions. In this example, the interagency consultation process is used as needed for
evaluating and choosing models, methods, and assumptions, according to the
requirements of 40 CFR 93.105(c)(1)(i).

E.2

PROJECT DESCRIPTION AND CONTEXT

The proposed project is the construction of a highway interchange connecting a four-lane
principle arterial with a six-lane freeway through on-and-off ramps (see Exhibit E-1).
The project is being built to allow truck access to local businesses. The project is located
in an area that was designated nonattainment for the 2006 24-hour PM2.5 NAAQS and
1997 annual PM2.5 NAAQS.
The following is some additional pertinent data about the project:
 The project is located in a medium-sized city (within one county) in a state other
than California.
 The project is expected to take less than a year to complete and has an estimated
completion date of 2013. The year of peak emissions is expected to be 2015,
when considering the project’s emissions and background concentrations.
 In 2015, the average annual daily traffic (AADT) at this location is expected to
exceed 125,000 vehicles and greater than eight percent of the traffic will be
heavy-duty diesel trucks.
 The area surrounding the proposed project is primarily residential, with no nearby
sources that need to be included in air quality modeling.
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The state does not have an adequate or approved SIP budget for either PM2.5
NAAQS, and neither the EPA nor the state air agency has made a finding that
road dust is a significant contributor to the PM2.5 nonattainment problem.

Exhibit E-1. Simple Diagram of the Proposed Highway Project

E.3

DETERMINE NEED FOR PM HOT-SPOT ANALYSIS (STEP 1)

The proposed project is determined to be of local air quality concern under the
conformity rule because it is a new freeway project with a significant number of diesel
vehicles (see 40 CFR 93.123(b)(1)(i) and Sections 2.2 and Appendix B of the guidance).
Therefore, a quantitative PM hot-spot analysis is required.
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E.4

DETERMINE APPROACH, MODELS, AND DATA (STEP 2)

E.4.1 Determining geographic area and emission sources to be covered by the analysis
First, the interagency consultation process is used to ensure that the project area is
defined so that the analysis includes the entire project, as required by 40 CFR
93.123(c)(2). As previously noted, it is also determined that, in this case, there are no
nearby emission sources to be included in air quality modeling (see Section 3.3.2).
E.4.2 Deciding the general analysis approach and analysis year(s)
Second, the project sponsor determines that the preferred approach in this case is to
model the build scenario first, completing a no-build scenario only if necessary.
In addition, it is determined that the year of peak emissions (within the timeframe of the
current transportation plan) is mostly likely to be 2015. Therefore, 2015 is selected as the
year of the analysis, and the analysis considers traffic data from 2015 (see Section 3.3.3).
E.4.3 Determining the PM NAAQS to be evaluated
Because the area has been designated nonattainment for both the 2006 24-hour PM2.5
NAAQS and 1997 annual PM2.5 NAAQS, the results of the analysis will have to be
compared to both NAAQS (see Section 3.3.4). All four quarters are included in the
analysis in order to estimate a year’s worth of emissions for both NAAQS.
E.4.4 Deciding on the type of PM emissions to be modeled
Next, the following directly-emitted PM2.5 emissions are determined to be relevant for
estimating the emissions in the analysis (see Section 2.5):
 Vehicle exhaust1
 Brake wear
 Tire wear
E.4.5 Determining the models and methods to be used
Since this project is located outside of California, MOVES is used for emissions
modeling. In addition, it is determined that, since this is a highway project with no
nearby sources that need to be included in the air quality modeling, either AERMOD or
CAL3QHCR could be used for air quality modeling (see Section 3.3.6). In this case,
CAL3QHCR is selected. Making the decision on what air quality model to use at this
stage is important so that the appropriate data are collected, among other reasons (see
next step).

1

Represented in MOVES as PMtotal running and PMtotal crankcase running.
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E.4.6 Obtaining project-specific data
Finally, the project sponsor compiles the data required to use MOVES, including project
traffic data, vehicle types and age, and temperature and humidity data for the months and
hours to be modeled (specifics on the data collected are described in the following steps).
In addition, information necessary to use CAL3QHCR to model air quality is gathered,
including meteorological data and information on representative air quality monitors.
The sponsor also ensures the latest planning assumptions are used and that data used for
the analysis are consistent with that used in the latest regional emissions analysis, as
required by the conformity rule (see Section 3.3.7).

E.5

ESTIMATE ON-ROAD MOTOR VEHICLE EMISSIONS (STEP 3)

Having completed the analysis preparations described above, the project sponsor then
follows the instructions provided in Section 4 of the guidance to use MOVES to estimate
the project’s on-road emissions:
E.5.1 Characterizing the project in terms of links
As described in Section 4.2 of the guidance, links are defined based on the expected
emission rate variability across the project. Generally, a highway project like the one
proposed in this example can be broken into four unique activity modes:
 Freeway driving at 55 mph;
 Arterial cruise at 45 mph;
 Acceleration away from intersections to a cruising speed of 45/55 mph; and
 Cruise, deceleration, and idle/cruise (depending on light timing) at intersections.
Following the guidance given in Section 4.2, 20 links are defined for MOVES and
CAL3QHCR modeling, each representing unique geographic and activity parameters (see
Exhibits E-2 and E-3). Each LinkID is defined with the necessary information for air
quality modeling: link length, link width, link volume, as well as link start and end points
(x1, y1, x2, y2 coordinates).
Decisions on how to best define links are based on an analysis of vehicle activity and
patterns within the project area. AADT is calculated from a travel demand model for
passenger cars, passenger trucks, intercity buses, short haul trucks, and long haul trucks.
From these values, both an average-hour and peak-hour volume is calculated. The
average and peak-hour vehicle counts for each part of the project are shown in Exhibit E
3.
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Exhibit E-2. Diagram of Proposed Highway Project Showing Links

Based on the conditions in the project area, for this analysis peak traffic is assumed to be
representative of morning rush hour (AM: 6 a.m. to 9 a.m.) and evening rush hour (PM: 4
p.m. to 7 p.m.), while average hour traffic represents all other hours: midday (MD: 9 a.m.
to 4 p.m.), and overnight (ON: 7 p.m. to 6 a.m.) Identical traffic volume and speed
profiles are assumed for all quarters of the year. Quarters are defined as described in
Section 3.3.4 of the guidance: Q1 (January-March), Q2 (April-June), Q3 (JulySeptember), and Q4 (October-December).
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Exhibit E-3. Peak-Hour and Average-Hour Traffic Counts for Each Project Link
Freeway

Peak Hour Count

Average Hour Count

Fraction of Total

Passenger Cars

2260

452

0.45

Passenger Trucks

1760

352

0.35

Intercity Buses

36

7

0.01

Short Haul Trucks (gas)

60

12

0.01

944

189

5060

1012

0.19
1.00

Long Haul Trucks (diesel)
Total
Exit Ramps

Peak Hour Count

Average Hour Count

Fraction of Total

Passenger Cars

124

25

0.22

Passenger Trucks

124

25

0.22

8

2

0.01

Intercity Buses
Short Haul Trucks (gas)

12

2

0.02

Long Haul Trucks (diesel)

300

60

Total

568

114

0.53
1.00

Entrance Ramps

Peak Hour Count

Average Hour Count

Fraction of Total

Passenger Cars

176

35

Passenger Trucks

148

30

0.24

0

0

0.00

Intercity Buses
Short Haul Trucks (gas)

0.29

16

3

0.03

Long Haul Trucks (diesel)

276

55

Total

616

123

0.45
1.00

Arterial Road

Peak Hour Count

Average Hour Count

Fraction of Total

Passenger Cars

124

25

0.22

Passenger Trucks

116

23

0.20

12

2

0.02

0

0

0.00
0.56
1.00

Intercity Buses
Short Haul Trucks (gas)
Long Haul Trucks (diesel)

316

63

Total

568

114

A significant amount of traffic using the project is expected to be diesel trucks. While
the freeway contains approximately 19% diesel truck traffic, traffic modeling for the onand off-ramps connecting the freeway to the arterial road suggests approximately half of
vehicles are long-haul diesel trucks.
The average speeds on the freeway, arterial, and on/off-ramps are anticipated to be
identical in the analysis year for both peak and average hours and assumed to
approximately reflect the speed limit (55 mph, 45 mph, and 45 mph, respectively).
Traffic flow through the two intersections north and south of the freeway is controlled by
a signalized light with a 60% idle time for vehicles exiting the freeway and 40% idle time
for traffic entering the freeway from the arterial road or traveling north and south on the

E-6

arterial road passing over the freeway. The total project emissions, therefore, are
determined to be a function of:
 Vehicles traveling east and west on the freeway at a relatively constant 55 mph;
 Exiting vehicles decelerating to a stop at either the north or south signalized
intersection (or continuing through if the light is green);
 Vehicles accelerating away from the signalized intersections north and south, as
well as accelerating to a 55 mph cruise speed on the on-ramps;
 Idling activity at both intersections during the red phase of the traffic light; and
 Vehicles traveling between the north and south intersections at a constant 45 mph.
As there is no new parking associated with the project (e.g., parking lots), there are no
start emissions to be considered. Additionally, there are no trucks parked or “hoteling” in
extended idle mode anywhere in the project area, so extended idle emissions do not need
to be calculated.
E.5.2 Deciding how to handle link activity
As discussed in Section 4.2 of the guidance, MOVES offers several options for users to
apply activity information to each LinkID. For illustrative purposes, based on the
available information for the project (in this case, average speed, link average and peak
volume, and red-light idle time) several methods of deriving Op-Mode distributions are
employed in this example, as described below.
The links parameter table in Exhibit E-4 shows the various methods that activity is
entered into MOVES for each link. The column “MOVES activity input” describes how
the Op-Mode distribution is calculated for each particular link:
 Freeway links (links 1 and 4) are defined through a 55 mph average speed input,
from which MOVES calculated an Op-Mode distribution (as described in
Appendix D.2).
 Arterial cruise links (links 12 and 18) and links approaching an intersection queue
(links 2, 5, 9 and 15) are defined through a link-drive schedule with a constant
speed of 45 mph; indicating vehicles are cruising at 45 mph, with no acceleration
or deceleration (as described in Appendix D.3).
 Links representing vehicles accelerating away from intersections (links 7, 8, 11,
14, 17, 20) are given “adjusted average speeds” calculated from guidance in the
Highway Capacity Manual 2000, based on the link cruise speed (45 mph or 55
mph), red-light timing, and expected volume to capacity ratios. The adjusted
average speeds (16.6 mph or 30.3 mph) are entered into MOVES, which
calculates an Op-Mode distribution to reflect the lower average speed and
subsequent higher emissions (as described in Appendix D.2).
 Queue links (links 3, 6, 10, 13, 16, and 19) are given an Op-Mode distribution that
represents vehicles decelerating and idling (red light) as well as cruising through
(green light) (as described in Appendix D.4).
Step 1. First, an Op-Mode distribution is calculated for the link average speed
(45 mph).
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Step 2. Because this does not adequately account for idling at the intersection,
the Op-Mode fractions are re-allocated to add in idling. For instance, after
consulting the Highway Capacity Manual 2000, for this project scenario the
red light timing corresponds to approximately 40% idle time. A fraction of
0.4 for Op-Mode “1” is therefore added to the Op-Mode distribution
calculated from the 45 mph average speed in Step 1. The resulting Op-Mode
distribution represents all activity on a queuing intersection link.
The length of the queue links are estimated as a function of the length of three trucks, one
car, and one passenger truck with two meters in between each car and five meters in
between each truck.
Departure links on the arterial road are assumed to have a link length of 125 meters
(estimated to be the approximate distance that vehicles accelerate to a 45 mph cruising
speed). The departure links from the intersection to the on-ramp are assumed to have a
link length of 200 meters (estimated to be the approximate distance that vehicles
accelerate to a 55 mph cruising speed).
Exhibit E-4. Link Parameters (Peak Traffic)
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E.5.3 Determining the number of MOVES runs
Following the guidance given in Section 4.3, it is determined that 16 MOVES runs
should be completed to produce emission factors that show variation across four hourly
periods (12 a.m., 6 a.m., 12 p.m., and 6 p.m., corresponding to overnight, morning,
midday, and evening traffic scenarios, respectively) and four quarterly periods
(represented by the months of January, April, July, and October; see Section 3.3).
MOVES will calculate values for all project links for the time period specified in each
run. The 16 emission factors produced for each link are calculated as grams/vehicle
mile, which will then be paired with corresponding traffic volumes (peak or average
hour, depending on the hour) and used in CAL3QHCR.
E.5.4 Developing basic run specification inputs
When configuring MOVES for the analysis, the project sponsor follows Section 4.4 of
the guidance, including, but not limited to, the following:
 From the Scale panel, selecting the “Project” domain; in addition, choosing output
in “Emission Rates,” so that emission factors will be in grams/vehicle-mile as
needed for CAL3QHCR (see Section 4.4.2).
 From the Time Spans panel, the appropriate year, month, day, and hour for each
run is selected (see Section 4.4.3).
 From the Geographic Bounds panel, the custom domain is selected (see Section
4.4.4).
 From the Vehicles/Equipment panel, appropriate Source Types are selected (see
Section 4.4.5).
 From the Road Types panel, Urban Restricted and Urban Unrestricted road types
are selected (see Section 4.4.6).
 From the Pollutants and Processes panel, the appropriate pollutant/processes are
selected according to Section 4.4.7 of the guidance for “highway links.”
 In the Output panel, an output database is specified with grams and miles selected
as units (see Section 4.4.10).
E.5.5 Entering project details using the Project Data Manager
Meteorology
As described previously, it is determined that MOVES should be run 16 times to reflect
the following scenarios: 12 a.m., 6 a.m., 12 p.m., and 6 p.m. (corresponding to overnight,
morning, midday, and evening traffic scenarios, respectfully) for the months of January,
April, July, and October. Temperature and humidity data from a representative
meteorological monitoring station are obtained and confirmed to be consistent with data
used in the regional emissions analysis from the currently conforming transportation plan
and TIP (see Section 4.5.1). Average values for each hour and month combination are
used for each of the 16 MOVES runs. As an example, temperature and humidity values
for 12 a.m. January are shown in Exhibit E-5.
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Exhibit E-5. Temperature and Humidity Input (January 12 a.m.)

Age Distribution
Section 4.5.2 of the guidance specifies that default data should be used only if an
alternative local dataset cannot be obtained and the regional conformity analysis relies on
national defaults. However, for the sake of simplicity only, in this example the national
default age distribution for 2015 is used for all vehicles and all runs (see Exhibit E-6).
Exhibit E-6. Age Distribution Table (Partial)
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Fuel Supply and Fuel Formulation
In this example, it is determined appropriate to use the default fuel supply and
formulation (see Exhibits E-7 and E-8). The default fuel supply and formulation are
imported for each respective quarter (January, April, July, and October) and used for the
corresponding MOVES runs.
Exhibit E-7. Fuel Supply Table

Exhibit E-8. Fuel Formulation Table
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Inspection and Maintenance (I/M)
As there is no PM emissions benefit in MOVES for I/M programs, this menu item is
skipped (see Section 4.5.4).
Link Source Type
The distribution of vehicle types on each link is defined in the Link Source Type table
(Exhibit E-9) following the guidance in Section 4.5.5. The fractions are derived from the
vehicle count estimates in Exhibit E-3.
Exhibit E-9. Link Source Type Table

Links
The Links input table shown in Exhibit E-10 is used to define each individual project link
in MOVES. Road Types 4 and 5 indicate Urban Restricted (freeway) and Urban
Unrestricted (arterial) road types, respectively; these correspond to the two road types
represented in this example. The average speed is entered for all links, but only used to
calculate Op-Mode distributions for links 1, 4, 7, 8, 11, 14, 17, and 20 (other links are
explicitly defined with a link-drive schedule or Op-Mode distribution). Link length and
link volume is entered for each link; however, since the “Emission Rates” option is
selected in the Scale panel, MOVES will produce grams/vehicle-mile. The volume and
link length will become relevant when running the air quality model later in this analysis.
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Exhibit E-10. Links Input (AM Period)

The remaining links are defined with an Op-Mode distribution (Exhibit E-11) calculated
separately, as discussed earlier. Operating modes used in this analysis vary by both link
and source type, but not by hour or day.
Exhibit E-11. Operating Mode Distribution Table (Partial)
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Off-Network
As it was determined that there are no off-network links (such as parking lots or truck
stops) that would have to be considered using the Off-Network Importer, there is no need
to use this option in this example.
E.5.6 Generating emission factors for use in air quality modeling
After generating the run specification and entering the required information into the
Project Data Manager as described above, MOVES is run 16 times, once for each unique
hour/month combination. Upon completion of each run, the MOVES output is located in
the MySQL output database table “rateperdistance” and sorted by Month, Hour, LinkID,
ProcessID, and PollutantID. An aggregate PM2.5 emission factor is then calculated by the
project sponsor for each Month, Hour, and LinkID combination using the following
equation and the guidance given in Section 4.4.7 of the guidance:2
PMaggregate total = (PMtotal running) + (PMtotal crankcase running) + (brake wear) + (tire wear)
The 16 resulting grams/vehicle-mile emission factors (Exhibit E-12) for each link are
then ready to be used as input into the CAL3QHCR dispersion model to predict future
PM2.5 concentrations.

2

EPA is considering creating one or more MOVES scripts that would automate the summing of aggregate
emissions when completing project-level analyses. These scripts would be made available for download on
the MOVES website (www.epa.gov/otaq/models/moves/tools.htm), when available.

E-14

Exhibit E-12. Grams/Vehicle-Mile Emission Factors Calculated from MOVES
Output by Link, Quarter, and Hour
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E.6

ESTIMATE EMISSIONS FROM ROAD DUST, CONSTRUCTION,
ADDITIONAL SOURCES (STEP 4)

AND

E.6.1 Estimating re-entrained road dust
In this case, this area does not have any adequate or approved SIP budgets for either
PM2.5 NAAQS, and neither the EPA nor the state air agency have made a finding that
road dust emissions are a significant contributor to the air quality problem for either
PM2.5 NAAQS. Therefore, PM2.5 emissions from road dust do not need to be considered
in this analysis (see Sections 2.5.3 and 6.2).
E.6.2 Estimating transportation-related construction dust
The construction of this project will not occur during the analysis year. Therefore,
emissions from construction dust are not included in this analysis (see Sections 2.5.5 and
6.4).
E.6.3 Estimating additional sources of emissions in the project area
It is determined that the project area in the analysis year does not include locomotives or
other nearby emission sources that have to be considered in the air quality modeling (see
Section 6.6).

E.7

SELECT AN AIR QUALITY MODEL, DATA INPUTS, AND RECEPTORS
(STEP 5)

E.7.1 Characterizing emission sources
As discussed previously, the CAL3QHCR model is selected to estimate PM2.5
concentrations for this analysis (see Section 7.3). Each link is defined in CAL3QHCR
with coordinates and dimensions matching the project parameters (shown in Exhibit E-4).
The necessary inputs for link length, traffic volume, and corresponding link emission
factor are also added using the CAL3QHCR Tier II approach. Each MOVES emission
factor (12 a.m., 6 a.m., 12 p.m., and 6 p.m.) and traffic volume (average or peak) for each
link is applied to multiple hours of the day, as follows:
 Morning peak (AM) emissions based on traffic data and meteorology occurring
between 6 a.m. and 9 a.m.;
 Midday (MD) emissions based on data from 9 a.m. to 4 p.m.;
 Evening peak (PM) emissions based on data from 4 p.m. to 7 p.m.;
 Overnight (ON) emissions based on data from 7 p.m. to 6 a.m.
In addition, these factors are applied to each of the four quarters being modeled.
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CAL3QHCR scenarios are built to model traffic conditions for all 24 hours of a weekday
in each quarter (partial elements of the CAL3QHCR input file can be found in Exhibits
E-13a and 13b, as file requires one to scroll down the screen): in all, four separate
scenarios.
Exhibit E-13a. CAL3QHCR Quarter 1, 6 a.m. Input File (Partial)

E-17

Exhibit E-13b. CAL3QHCR Quarter 1, 6 a.m. Input File (Partial)

Section 7.5 of the guidance recommends that users run the air quality model for five
years of meteorological data when site-specific meteorology data is not available. Since
CAL3QHCR can only process one year of meteorological data for each run, each
quarterly scenario is run for five years of meteorological data for a total of 20 runs.3

3

As explained in Section 7, AERMOD allows five years of meteorological data to be modeled in a single
run (see Section 7.5.3)
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E.7.2 Incorporating meteorological data
A representative set of meteorology data, as well as an appropriate surface roughness, are
selected (see Section 7.5). The recommended five years of meteorological data are
obtained from a local airport for calendar years 1998-2002. A surface roughness of 175
cm is selected for the site, consistent with the recommendations made in the Section 7.
E.7.3 Placing receptors
Using the guidance given in Section 7.6, receptors are placed at appropriate locations
within the area substantially affected by the project (Exhibit E-14).4 Note that this grid is
shown for illustrative purposes only; placement, location, and spacing of actual receptors
should follow the guidance in Section 7.6. Receptor heights are set at 1.8 meters.
Additionally, a background concentration of “0” is input into the model. Representative
background concentrations are added later (see Step 7).
CAL3QHCR is then run with five years of meteorological data (1998 through 2002) and
output is produced for all receptors for each of the five years of meteorological data.
Exhibit E-14. Receptor Locations for Air Quality Modeling

4

The number and arrangement of receptors used in this example are simplified for ease of explanation.
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E.8

DETERMINE BACKGROUND CONCENTRATIONS FROM NEARBY AND
OTHER EMISSION SOURCES (STEP 6)

Through the interagency consultation process, a nearby upwind PM2.5 monitor that has
been collecting ambient data for both the annual and 24-hour PM2.5 NAAQS is
determined to be representative of the background air quality at the project location. The
most recent data set is used (in this case, calendar year 2008 through 2010) and average
24-hour PM2.5 values are taken in a four-day/three-day measurement interval. As
previously noted, no nearby sources needing to be included in the air quality model are
identified.
Note: This is a highly simplified situation for illustrative purposes; refer to Section 8 of
the guidance for additional considerations for how to most accurately reflect background
concentrations in a real-world scenario.
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E.9

CALCULATE DESIGN VALUES AND DETERMINE CONFORMITY (STEP 7)

With both CAL3QHCR outputs and background concentrations now available, the
project sponsor can calculate the design values. For illustrative purposes, calculations for
a single receptor with the highest modeled concentrations for the build scenario are
shown in this example.5 In this step, the guidance from Sections 9.3.2 and 9.3.3 are used
to calculate design values from the modeled results and the background concentrations
for comparison with the annual and 24-hour PM2.5 NAAQS.
E.9.1 Determining conformity to the annual PM2.5 NAAQS
First, average background concentrations are determined for each year of monitored data
(shown in Exhibit E-15).
Exhibit E-15. Annual Average Background Concentration for Each Year
Monitoring
Year
2008
2009
2010

Annual Average
Background
Concentration
13.348
12.785
13.927

The three-year average background concentration is then calculated (see Exhibit E-16).
Exhibit E-16. Calculation of Annual Design Value (At Highest Receptor)
Annual Average
Background
Concentration
(Three-year
Average)
13.353

Annual Average
Modeled
Concentration
(Five-year
Average)
1.580

Sum of
Background +
Project

Annual Design Value

14.933

14.9

5

In an actual PM hot-spot analysis, design values would be calculated at additional receptors as described
in Section 9.3.
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To determine the annual PM2.5 design value, the annual average background
concentration is added to the five-year annual average modeled concentration (at the
receptor with the highest annual average concentration from the CAL3QHCR output).
This calculation is shown in Exhibit E-16. The sum (project + background) results in a
design value of 14.9 g/m3. This value at the highest receptor is less than the 1997
annual PM2.5 NAAQS of 15.0 g/m3. It can be assumed that all other receptors with
lower modeled concentrations will also have design values less than this NAAQS. In this
example it is unnecessary to determine appropriate receptors in the build scenario (per
Section 9.4 of the guidance) or develop a no-build scenario for the annual PM2.5 NAAQS,
since the build scenario demonstrates that the hot-spot analysis requirements in the
transportation conformity rule are met at all receptors.
E.9.2

Determining conformity to the 24-Hour PM2.5 NAAQS

The next step is to calculate a design value to compare with the 2006 24-hour PM2.5
NAAQS through a “Second Tier” analysis as described in Section 9.3.3. For ease of
explanation, this process has been divided into individual steps, consistent with the
guidance.
Step 7.1
The number of background measurements is counted for each year of monitored data
(2008 to 2010). Based on a 4-day/3-day measurement interval, the dataset has 104 values
per year.
Step 7.2
For each year of monitored concentrations, the eight highest daily background
concentrations for each quarter are determined, resulting in 32 values (4 quarters; 8
concentrations/quarter) for each year of data (shown in Exhibit E-17).
Step 7.3
Identify the highest-predicted modeled concentration resulting from the project in each
quarter, averaged across each year of meteorological data used for air quality modeling.
For illustrative purposes, the highest average concentration across five years of
meteorological data for a single receptor in each quarter is shown in Exhibit E-18. Note
that, in a real-world situation, this process would be repeated for all receptors in the build
scenario.
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Exhibit E-17. Highest Daily Background Concentrations for Each Quarter and
Each Year

Rank
1
2
3
4
5
6
7
8

Q1
20.574
20.152
19.743
19.346
18.961
18.588
18.226
17.874

Rank
1
2
3
4
5
6
7
8

Q1
20.195
19.784
19.386
19.000
18.625
18.262
17.910
17.568

Rank
1
2
3
4
5
6
7
8

Q1
21.137
20.698
20.272
19.860
19.459
19.071
18.694
18.329

2008
Q2
21.262
20.823
20.398
19.985
19.584
19.196
18.819
18.454
2009
Q2
20.867
20.440
20.026
19.624
19.235
18.857
18.490
18.135
2010
Q2
21.847
21.390
20.948
20.519
20.102
19.698
19.307
18.927

Q3
22.354
22.042
21.735
21.434
21.140
20.851
20.568
20.291

Q4
20.434
20.016
19.611
19.218
18.837
18.467
18.109
17.761

Q3
21.932
21.628
21.329
21.037
20.750
20.469
20.194
19.924

Q4
20.058
19.651
19.257
18.875
18.504
18.145
17.796
17.457

Q3
22.980
22.655
22.336
22.023
21.717
21.417
21.123
20.834

Q4
20.990
20.556
20.135
19.726
19.330
18.945
18.572
18.211

Exhibit E-18. Five-year Average 24-hour Modeled Concentrations for Each Quarter
(At Example Receptor)

Five Year Average
Maximum
Concentration (At
Example Receptor)

Q1

Q2

Q3

Q4

10.42

10.62

10.74

10.61
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Step 7.4
The highest modeled concentration in each quarter (from Step 7.3) is added to each of the
eight highest monitored concentrations for the same quarter for each year of monitoring
data (from Step 7.2). As shown in Exhibit E-19, this step results in eight concentrations
in each of four quarters for a total of 32 values for each year of monitoring data. As
mentioned, this example analysis shows only a single receptor’s values, but project
sponsors may need to calculate design values at all receptors in the build scenario (see
Section 9.3 of the guidance).
Exhibit E-19. Sum of Background and Modeled Concentrations at Example
Receptor for Each Quarter

Rank
1
2
3
4
5
6
7
8

Q1
31.084
30.662
30.253
29.856
29.471
29.098
28.736
28.384

Rank
1
2
3
4
5
6
7
8

Q1
30.705
30.294
29.896
29.510
29.135
28.772
28.420
28.078

Rank
1
2
3
4
5
6
7
8

Q1
31.647
31.208
30.782
30.370
29.969
29.581
29.204
28.839

2008
Q2
31.902
31.463
31.038
30.625
30.224
29.836
29.459
29.094
2009
Q2
31.507
31.080
30.666
30.264
29.875
29.497
29.130
28.775
2010
Q2
32.487
32.030
31.588
31.159
30.742
30.338
29.947
29.567

Q3
32.994
32.682
32.375
32.074
31.780
31.491
31.208
30.931

Q4
31.074
30.656
30.251
29.858
29.477
29.107
28.749
28.401

Q3
32.572
32.268
31.969
31.677
31.390
31.109
30.834
30.564

Q4
30.698
30.291
29.897
29.515
29.144
28.785
28.436
28.097

Q3
33.620
33.295
32.976
32.663
32.357
32.057
31.763
31.474

Q4
31.630
31.196
30.775
30.366
29.970
29.585
29.212
28.851
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Step 7.5
As shown in Exhibit E-20, for each year of monitoring data, the 32 values from Step 7.4
are ordered together in a column and assigned a yearly rank for each value, from 1
(highest concentration) to 32 (lowest concentration).
Exhibit E-20. Ranking Sum of Background and Modeled Concentrations at
Example Receptor for Each Year of Background Data
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

2008
32.994
32.682
32.375
32.074
31.902
31.780
31.491
31.463
31.208
31.084
31.074
31.038
30.931
30.662
30.656
30.625
30.253
30.251
30.224
29.858
29.856
29.836
29.477
29.471
29.459
29.107
29.098
29.094
28.749
28.736
28.401
28.384

2009
32.572
32.268
31.969
31.677
31.507
31.390
31.109
31.080
30.834
30.705
30.698
30.666
30.564
30.294
30.291
30.264
29.897
29.896
29.875
29.515
29.510
29.497
29.144
29.135
29.130
28.785
28.775
28.772
28.436
28.420
28.097
28.078

2010
33.620
33.295
32.976
32.663
32.487
32.357
32.057
32.030
31.763
31.647
31.630
31.588
31.474
31.208
31.196
31.159
30.782
30.775
30.742
30.370
30.366
30.338
29.970
29.969
29.947
29.585
29.581
29.567
29.212
29.204
28.851
28.839
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Step 7.6
For each year of monitoring data, the value with a rank that corresponds to the projected
98th percentile concentration is determined. As discussed in Section 9, an analysis
employing 101-150 background values for each year (as noted in Step 7.1, this analysis
uses 104 values per year) uses the 3rd highest rank to represent a 98th percentile. The 3rd
highest concentration (highlighted in Exhibit E-20) is referred to as the “projected 98th
percentile concentration.”
Step 7.7
Steps 7.1 through 7.6 are repeated to calculate a projected 98th percentile concentration at
each receptor based on each year of monitoring data and modeled concentrations.
Step 7.8
For the example receptor, the average of the three projected 98th percentile concentrations
(see Step 7.6) is calculated.
Step 7.9
The resulting value of 32.440 g/m3 is then rounded to the nearest whole g/m3, resulting
in a design value at the example receptor of 32 g/m3. At each receptor this process
should be repeated. In the case of this analysis, the example receptor is the receptor with
the highest design value in the build scenario.
Step 7.10
The design values calculated at each receptor are compared to the NAAQS. In the case
of this example, the highest 24-hour design value (32 g/m3) is less than the 2006 24
hour PM2.5 NAAQS of 35 g/m3. Since this is the design value at the highest receptor, it
can be assumed that the conformity requirements are met at all receptors in the build
scenario. Therefore, it is unnecessary for the project sponsor to calculate design values
for the no-build scenario for the 24-hour NAAQS.

E.10 CONSIDER MITIGATION AND CONTROL MEASURES (STEP 8)
In this case, the project is determined to conform. In situations when this is not the case,
it may be necessary to consider additional mitigation or control measures. If measures
are considered, additional air quality modeling would need to be completed and new
design values calculated to ensure that conformity requirements are met. See Section 10
for more information, including some specific measures that might be considered.

E.11 DOCUMENT THE PM HOT-SPOT ANALYSIS (STEP 9)
The final step is to properly document the PM hot-spot analysis in the conformity
determination (see Section 3.10).
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Appendix F:
Example Quantitative PM Hot-spot Analysis of a Transit
Project using MOVES and AERMOD
F.1

INTRODUCTION

The purpose of this appendix is to demonstrate the procedures for completing a hot-spot
analysis using MOVES and AERMOD following the basic steps described in Section 3.
Readers should reference the appropriate sections in the guidance as needed for more
detail on how to complete each step of the analysis. This example is limited to showing
the build scenario; in practice, project sponsors may have to also analyze the no-build
scenario. While this example calculates emission rates using MOVES, EMFAC users
may find the air quality modeling described in this appendix helpful.
Note: The following example of a quantitative PM hot-spot analysis is highly simplified
and intended only to demonstrate the basic procedures described in the guidance. This
example uses default data in places where the use of project-specific data in a real-world
situation would be expected. In addition, actual PM hot-spot analyses could be
significantly more complex and are likely to require more documentation of data and
decisions. In this example, the interagency consultation process is used as needed for
evaluating and choosing models, methods, and assumptions, according to the
requirements of 40 CFR 93.105(c)(1)(i).

F.2

PROJECT DESCRIPTION AND CONTEXT

The proposed project is a new regionally significant bus terminal that would be created
by taking a downtown street segment one block in length and reserving it for bus use
only. It would be an open-air facility containing six “sawtooth” lanes where buses enter
to load and unload passengers. The terminal is designed to handle about 575 diesel buses
per day with up to 48 buses in the peak hour. The project is located in an area designated
nonattainment for the 2006 24-hour PM2.5 NAAQS and 1997 annual PM2.5 NAAQS.
The following is some additional pertinent data about the project:
 The proposed project is located in a medium-size city (within one county) in a
state other than California.
 The project is expected to take less than a year to complete and has an estimated
completion date of 2013. The year of peak emissions is expected to be 2015,
when considering the project’s emissions and background concentrations.
 The area surrounding the proposed project is primarily commercial, with no
nearby sources of PM2.5 that need to be modeled. This assumption is made to
simplify the example. In most cases, transit projects include parking lots with
emissions that would be considered in a PM hot-spot analysis.
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F.3

The state does not have an adequate or approved SIP budget for either PM2.5
NAAQS, and neither the EPA nor the state air quality agency has made a finding
that road dust is a significant contributor to the PM2.5 nonattainment problem.

DETERMINE NEED FOR PM HOT-SPOT ANALYSIS (STEP 1)

The proposed project is determined to be of local air quality concern under the
conformity rule because it is a new bus terminal that has a significant number of diesel
vehicles congregating at a single location (see 40 CFR 93.123(b)(1)(iii) and Section 2.2
and Appendix B of the guidance). Therefore, a quantitative PM hot-spot analysis is
required.

F.4

DETERMINE APPROACH, MODELS, AND DATA (STEP 2)

F.4.1 Determining geographic area and emission sources to be covered by the analysis
First, the interagency consultation process is used to ensure that the project area is
defined so that the analysis includes the entire project, as required by 40 CFR
93.123(c)(2). As previously noted, it is also determined that, in this case, there are no
nearby emission sources to be modeled (see Section 3.3.2).
F.4.2 Deciding the general analysis approach and analysis year(s)
The project sponsor then determines that the preferred approach in this case is to model
the build scenario first, completing a no-build scenario only if necessary.
The year of peak emissions (within the timeframe of the current transportation plan) is
determined to be 2015. Therefore, 2015 is selected as the year of the analysis, and the
analysis will consider traffic data from 2015 (see Section 3.3.3).
F.4.3 Determining the PM NAAQS to be evaluated
Because the area has been designated nonattainment for both the 2006 24-hour PM2.5
NAAQS and 1997 annual PM2.5 NAAQS, the results of the analysis will be compared to
both NAAQS (see Section 3.3.4). All four quarters are included in the analysis in order
to estimate a year’s worth of emissions for both NAAQS.
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F.4.4 Deciding on the type of PM emissions to be modeled
Next, the following directly-emitted PM emissions are determined to be relevant for
estimating the emissions in the analysis (see Section 2.5):
 Vehicle exhaust1
 Brake wear
 Tire wear
F.4.5 Determining the models and methods to be used
Since this project will be located outside of California, MOVES is used for emissions
modeling. In addition, it is determined that, since this is a terminal project, the
appropriate air quality model to use would be AERMOD (see Section 3.3.6). Making the
decision on what air quality model to use at this stage is important so that the appropriate
data are collected, among other reasons (see next step).
F.4.6 Obtaining project-specific data
Finally, having selected a model and a general modeling approach, the project sponsor
compiles the data required to use MOVES, including project traffic data, vehicle types
and age, and temperature and humidity data for the months and hours to be modeled
(specifics on the data collected are described in the following steps). In addition,
information required to use AERMOD to model air quality is gathered, including
meteorological data and information on representative air quality monitors. The sponsor
ensures the latest planning assumptions are used and that data used for the analysis are
consistent with that used in the latest regional emissions analysis, as required by the
conformity rule (see Section 3.3.7).

F.5

ESTIMATE ON-ROAD MOTOR VEHICLE EMISSIONS (STEP 3)

Having completed the analysis preparations described above, the project sponsor then
follows the instructions provided in Section 4 of the guidance to use MOVES to estimate
the on-road emissions from this terminal project:
F.5.1 Characterizing the project in terms of links
Using the guidance described in Section 4.2, a series of links are defined in order to
accurately capture the activity at the proposed terminal. As shown in Exhibit F-1, two
one-way running links north and south of the facility (“Link 1” and “Link 2”) are defined
to describe buses entering and exiting the terminal. A third running/idle link (shown as
“Link 3” to the north of the facility), is used to describe vehicles idling at the signalized

1

Represented in MOVES as PMtotal running, PMtotal crankcase running, PMtotal ext. idle, and PMtotal crankcase ext. idle.

F-3

light before exiting the facility. Links 4 through 9 represented bus bays where buses
drop-off and pick-up passengers; these are referred to as the terminal links.2
Exhibit F-1. Diagram of Proposed Bus Terminal Showing Links

The running links have the following dimensions:
Link 1: 200 feet long by 24 feet wide
Link 2: 160 feet long by 24 feet wide
Link 3: 40 feet long by 24 feet wide
Additionally, the dimensions of the six terminal links (Links 4 through 9) are 60 feet long
by 12 feet wide. These links are oriented diagonally from southwest to northeast. The
queue link (Link 3) is defined with a length of 40 feet, based on the average length of a
transit bus.
After identifying and defining the links, traffic conditions are estimated for the project in
the analysis year of 2015. The terminal was presumed to be in operation all hours of the
year. Based on expected terminal operations, the anticipated future traffic volumes are
available for each hour of an average weekday (see Exhibit F-2). To simplify the
analysis, the sponsor conservatively assumes weekday traffic for all days of the year,
even though the operating plan calls for reduced service on weekends.3 Identical traffic
volume and activity profiles are assumed for all quarters of the year. Quarters are defined
for this analysis as described in Section 3.3.4 of the guidance: Q1 (January-March), Q2
(April-June), Q3 (July-September), and Q4 (October-December).

2

The project area in this example is not realistic and has been simplified for demonstration purposes.
Analyses of transit facilities will likely include inbound and outbound links beyond what is described in
this simplified example, as well as the surrounding area.
3
This decision is made to save time and effort, as it would result in the need for fewer modeling runs.
More accurate results would be obtained by treating weekends differently and modeling them using the
actual estimated Saturday and Sunday traffic.
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Exhibit F-2. Average Weekday Bus Trips through Transit Terminal for Each Hour
Hour
12am - 1am
1am - 2am
2am - 3am
3am - 4am
4am - 5am
5am - 6am
6am - 7am
7am - 8am
8am - 9am
9am - 10am
10am - 11am
11am - 12pm
12pm - 1pm
1pm - 2pm
2pm - 3pm
3pm - 4pm
4pm - 5pm
5pm - 6pm
6pm - 7pm
7pm - 8pm
8pm - 9pm
9pm - 10pm
10pm - 11pm
11pm - 12am

Bus Trips
7
6
6
6
7
9
27
48
39
29
26
28
30
31
31
39
44
42
26
21
22
17
13
10

F.5.2 Deciding on how to handle link activity
As discussed in Section 4.2 of the guidance, MOVES offers several options for users to
apply activity information to each LinkID. For illustrative purposes, based on the
available information for the project (average speed, hourly bus volume, idle time, and
fraction of vehicles encountering a red light) several methods of deriving Op-Mode
distributions are employed in this example, as described below.
 Links 1 and 2 represent buses driving at an average of 5 mph through the
terminal, entering and exiting the bus bays. An average speed of 5 mph is entered
into the MOVES “links” input, which calculates an Op-Mode distribution to
reflect the MOVES default 5 mph driving pattern.
 The queue link (Link 3) is given an Op-Mode distribution that represents buses
decelerating, idling, and accelerating (red light) as well as cruising through (green
light). First, an Op-Mode distribution is calculated for the link average speed (5
mph). Because this does not adequately account for idling at the intersection, the
Op-Mode fractions are re-allocated to add in 50% idling (determined after
consulting the Highway Capacity Manual 2000 to approximate idle time in an
under-capacity scenario) reflecting 50% of buses encountering a red light. A
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fraction of 0.5 for Op-Mode “1” is added to the re-allocated 5 mph average speed
Op-Mode distribution. The resulting Op-Mode distribution represents all activity
on a queuing intersection link.
The bus bays (Links 4 through 9) are represented by a single link (modeled in
MOVES as “LinkID 4”) and activity is defined in the Links table by an average
speed of “0”, representing exclusively idle activity.

F.5.3 Determining the number of MOVES runs
Following the guidance given in Section 4.3, it is determined that 16 MOVES runs
should be completed to produce emission factors that show variation across four hourly
periods (12 a.m., 6 a.m., 12 p.m., and 6 p.m., corresponding to overnight, morning,
midday, and evening traffic scenarios, respectively) and four quarterly periods
(represented by the months of January, April, July, and October; see Section 3.3).
MOVES would calculate values for all project links for the time period specified in each
run. Although traffic data is available for 24 hours, the emission factors produced from
the 16 scenarios would be post-processed into grams/vehicle-hour and further converted
to grams/hour emission factors that vary based on the hour-specific vehicle count. This
methodology avoids running 24 hourly scenarios for four quarters (96 runs). Grams/hour
emissions rates are required to use AERMOD.
F.5.4 Developing basic run specification inputs
When configuring MOVES for the analysis, the project sponsor follows Section 4.4 of
the guidance, including, but not limited to, the following:
 From the Scale menu, selecting the “Project” domain; in addition, choosing
output in “Inventory” so that total emission results are produced for each link,
which is equivalent to a grams/hour/link emission factor needed by AERMOD
(see Section 4.4.2).
 From the Time Spans panel, the appropriate year, month, day, and hour for each
run is selected (see Section 4.4.3).
 From the Geographic Bounds panel, the custom domain is selected (see Section
4.4.4).
 From the Vehicles/Equipment panel, Diesel Transit Buses are selected (see
Section 4.4.5).
 From the Road Types panel, the Urban Unrestricted road type is selected (see
Section 4.4.6).
 From the Pollutants and Processes panel, appropriate pollutant/processes are
selected according to Section 4.4.7 of the guidance for “highway links.”
 In the Output panel, an output database is specified with grams and miles selected
as units (see Section 4.4.10).
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F.5.5 Entering project details using the Project Data Manager
Meteorology
As described previously, it is determined that MOVES should be run 16 times to reflect
the following scenarios: 12 a.m., 6 a.m., 12 p.m., and 6 p.m. (corresponding to overnight,
morning, midday, and evening traffic scenarios, respectively) for the months of January,
April, July, and October. Temperature and humidity data from a representative
meteorological monitoring station are obtained and confirmed to be consistent with data
used in the regional emissions analysis from the currently conforming transportation plan
and TIP (see Section 4.5.1). Average values for each hour and month combination are
used for each of the 16 MOVES runs. As an example, temperature and humidity values
for 12 a.m. January are shown in Exhibit F-3.
Exhibit F-3. Temperature and Humidity Input (January 6 a.m.)
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Age Distribution
Section 4.5.2 of the guidance specifies that default data should be used only if an
alternative local dataset cannot be obtained and the regional conformity analysis relies on
national defaults. However, for the sake of simplicity only, in this example the national
default age distribution for 2015 is used for all vehicles and all runs (see Exhibit F-4). As
discussed in the guidance, transit agencies should be able to provide a fleet-specific age
distribution, and the use of fleet-specific data is always recommended (and would be
expected in a real-world scenario) because emission factors vary significantly depending
on the age of the fleet.
Exhibit F-4. Age Distribution Table (Partial)
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Fuel Supply and Fuel Formulation
An appropriate fuel supply and formulation is selected to match the project area’s diesel
use. In MOVES, diesel fuel formulation is constant across all quarters, so one fuel
supply/fuel formulation combination is used for all MOVES runs. Also, it is known that
all transit buses would use the same diesel fuel, so a fraction of 1 is entered for fuel
20011 (ultra-low-sulfur diesel fuel) in the Fuel Supply Table. In the case of this example,
the default fuel supply/formulation matches the actual fuel supply/formulation, so it is
therefore appropriate to use the default in the analysis (see Exhibits F-5 and F-6).
Exhibit F-5. Fuel Supply Table

Exhibit F-6. Fuel Formulation Table
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Inspection and Maintenance (I/M)
As there is no PM emissions benefit in MOVES for I/M programs, this menu item is
skipped (see Section 4.5.4).
Link Source Type
The distribution of vehicle types on each link is defined in the Link Source Type table
following the guidance in Section 4.5.5. Given that the project will be a dedicated transit
bus terminal this analysis assumes only transit buses are operating on all links.
Therefore, a fraction of 1 is entered for Source Type 42 (Transit Buses) for each LinkID
indicating 100% of vehicles using the project are transit buses (see Exhibit F-7).
Exhibit F-7. Link Source Type Table
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Links
The Links table (see Exhibit F-8) is populated with parameters for the four defined links
of the bus terminal: three running links (Links 1-3) and one idle link (representing the
terminal links). The link length is entered in terms of miles for each link. The road type
for the four links is classified as “5” (Urban Unrestricted). The entrance and exit links
(Links 1 and 2) are given an average speed of 5 mph. The queue link (Link 3) is given an
average speed of 2.5 mph, representing 50% of the vehicle operating hours in idling
mode and 50% operating hours traveling at 5 mph. Although MOVES is capable of
calculating emissions from an average speed (as is done for Links 1 and 2), the specific
activity on Link 3 is directly entered with an Op-Mode distribution. LinkID 4 is given a
link average speed of “0” mph, which indicates entirely idle operation. Link volume
(which represents the number of buses per hour) is entered for each link; however, since
the goal of the analysis is to produce an estimate in grams/vehicle-hour, the volume (i.e.,
the number of vehicles) will be divided out during post-processing. Also, because link
volume is arbitrary, the Links table shown in Exhibit F-8 can be used for all 16 MOVES
runs.
Exhibit F-8. Links Table

Describing Vehicle Activity
MOVES can capture details about vehicle activity in a number of ways. In this case, it is
decided to use average speeds for Links 1, 2, and 4 and a detailed Op-Mode distribution
for Link 3 (see Section 4.5.7).
Op-Mode distributions for Links 1 and 2 are calculated within MOVES based on a 5 mph
average speed. The MOVES model calculates a default Op-Mode distribution based on
average speed and road type (for these links, 5 mph on road type 5). Link 3 is given a
unique Op-Mode distribution to better simulate the queuing and idling that occurs prior to
buses exiting the facility at a traffic signal. The sponsor estimates that 50% of buses
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would idle at a red light before exiting the facility, so the idling operation (OpMode ID 1)
is assumed to be 0.5 for Link 3. The remaining 50% is re-allocated based on the default 5
mph Op-Mode distribution calculated for Links 1 and 2 (which includes acceleration,
deceleration, and cruise operating modes). This process requires an additional MOVES
run to extract the default 5 mph Op-Mode distribution from the MOVES execution
database. By selecting “save data” for the “Operating Mode Distribution Generator
(Running OMDG)” under the MOVES “Advanced Performance Features” panel, the OpMode distributions generated for 5 mph on an urban unrestricted road type are saved in
the MOVES execution database in the MySQL table “opmodedistribution.” The OpMode distribution used in the analysis for Link 3 is partially shown in Exhibit F-9.
Exhibit F-9. Link 3 (Queue Link) Op-Mode Distribution Input Table (Partial)
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Off-Network
As it is assumed that there are no off-network links (such as parking lots or truck stops)
that would have to be considered using the Off-Network Importer (bus idling at the
terminal is captured by the terminal links), there is no need to use this option in this
example. As noted earlier, this assumption is made to simplify the example. Most transit
projects would include rider parking lots and should include these emissions in a PM hotspot analysis.
F.5.6 Generating emission factors for use in air quality modeling
After generating the run specification and entering the required information into the
Project Data Manager as described above, MOVES is run 17 times: 16 runs (four hours
of the day for four quarters of the year) plus an initial run to generate the Op-Mode
distribution for 5 mph as discussed earlier. Upon completion of each run, the MOVES
output is located in the MySQL output database table “movesoutput” and sorted by
Month, Hour, LinkID, ProcessID, and PollutantID. An aggregate PM2.5 emission factor
is then calculated by the project sponsor for each Month, Hour, and LinkID combination
using the following equation and the guidance given in Section 4.4.7 of the guidance:4
PMaggregate total = (PMtotal running) + (PMtotal crankcase running) + (brake wear) + (tire wear)
For each link, the total emissions are divided by the number of vehicles on each link (as
reported in the “movesactivityoutput” table ActivitytypeID = 6) to produce a
grams/vehicle-hour value. This value is then multiplied by the number of buses on each
link, for each of the 24 hours where data are available (see Exhibit F-2).
The emission factor (grams/vehicle-hour) for LinkID 4 (links 4 through 9) is converted
into grams per vehicle-minute, and then multiplied by the total idle time for each unique
hour. For instance, the hour from 5 p.m. to 6 p.m. has a volume of 42 buses per hour (7
buses per bus bay). If each bus is expected to idle for 60 seconds each hour, the total idle
time for each bus bay for that hour would be 7 minutes per hour. If MOVES calculated a
PM emission factor of 2.0 grams per vehicle-minute, the emission factor for each bus bay
link under this scenario would be 14.0 grams/hour.
To account for temperature changes throughout the day, emission factors are evenly
paired with corresponding traffic volumes (six hours per period):
 6 a.m. results – traffic data from 3 a.m. to 9 a.m.
 12 p.m. results – traffic data from 9 a.m. to 3 p.m.
 6 p.m. results – traffic data from 3 p.m. to 9 p.m.
 12 p.m. results – traffic data from 9 p.m. to 3 a.m.
The emission factor results for each quarter are similarly paired with traffic volumes.
4

EPA is considering creating one or more MOVES scripts that would automate the summing of aggregate
emissions when completing project-level analyses. These scripts would be made available for download on
the MOVES website (www.epa.gov/otaq/models/moves/tools.htm), when available.
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The 96 resulting grams/hour emission factors (24 hours each for four quarters) for each
link are then ready to be used as an input to the AERMOD dispersion model to predict
PM2.5 concentrations.

F.6

ESTIMATE EMISSIONS FROM ROAD DUST, CONSTRUCTION AND
OTHER ADDITIONAL SOURCES (STEP 4)

F.6.1 Estimating re-entrained road dust
In this case, this area does not have any adequate or approved SIP budgets for either
PM2.5 NAAQS, and neither the EPA nor the state air agency has made a finding that road
dust emissions are a significant contributor to the air quality problem for either PM2.5
NAAQS. Therefore, PM2.5 emissions from road dust do not need to be considered in this
analysis (see Sections 2.5.3 and 6.2).
F.6.2 Estimating transportation-related construction dust
The construction of this project will not occur during the analysis year. Therefore,
emissions from construction dust are not included in this analysis (see Sections 2.5.5 and
6.4).
F.6.3 Estimating additional sources of emissions in the project area
Through interagency consultation, it is determined that the project area in the analysis
year does not include locomotives or other nearby emissions sources that would have to
be included in the air quality modeling (see Section 6.6).

F.7

SELECT AN AIR QUALITY MODEL, DATA INPUTS, AND RECEPTORS
(STEP 5)

F.7.1 Characterizing emission sources
Because this is a transit terminal project, EPA’s AERMOD model is determined to be the
appropriate dispersion model to use for this analysis (see Section 7.3). AERMOD is run
to estimate PM2.5 concentrations in and around the bus terminal project. Each link is
represented in AERMOD as an “Area Source” with dimensions matching the project
description (see Exhibit F-1). The emission release height is set to three meters, the
approximate exhaust height of most transit buses.
Emission factors generated from the MOVES runs are added to the AERMOD input file
(see Exhibit F-10). For this analysis, emissions vary significantly from hour to hour due
to fluctuating bus volumes as well as from daily and quarterly temperature effects.
Adjustment factors (EMISFACT) are used to model these hourly and quarterly variations
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in emission factors. Refer to Appendix J for additional detail on using hour-by-hour
emission differences in an AERMOD input file.
Exhibit F-10. AERMOD Input File (Partial) with Seasonal (Quarterly) and Hourly
Adjustment Factors (Circled)

F.7.2 Incorporating meteorological data
A representative set of meteorology data, as well as an appropriate surface roughness are
selected (see Section 7.5). The recommended five years of meteorological data is
obtained from a local airport for calendar years 1998-2002. The appropriate surface
roughness is set at 1 meter, consistent with the recommendations made in the AERMOD
Implementation Guide.
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F.7.3 Placing receptors
Using the guidance given in Section 7.6, receptors are placed at appropriate locations
within the area substantially affected by the project (see Exhibit F-11). 5 It is determined
in this instance to locate receptors around the perimeter of the project in increments of
five meters as well as within the passenger loading areas adjacent to the bus bays.
Receptor heights are set at 1.8 meters. A background concentration of “0” is input into
the model. Representative background concentrations are added at a later step (see Step
7).
AERMOD is run using five years of meteorological data and output produced for all
receptors for each of the five years of meteorological data.
Exhibit F-11. Area Source and Receptor Locations for Air Quality Modeling

5

The number and arrangement of receptors used in this example are simplified for ease of explanation;
real-world projects could expect to see more receptors and include the surrounding area.
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F.8

DETERMINE BACKGROUND CONCENTRATIONS FROM NEARBY AND
OTHER EMISSION SOURCES (STEP 6)

Through the interagency consultation process, a nearby upwind PM2.5 monitor that has
been collecting ambient data for both the annual and 24-hour PM2.5 NAAQS is
determined to be representative of the background air quality at the project location (see
Exhibit F-12). The most recent data set is used (in this case, calendar year 2008 through
2010) and average 24-hour PM2.5 values are provided in a four-day/three-day
measurement interval. As previously noted, no nearby sources requiring modeling are
identified.
Note: This is a highly simplified situation for illustrative purposes; refer to Section 8 of
the guidance for additional considerations for how to most accurately reflect background
concentrations in a real-world scenario.
Exhibit F-12. PM2.5 Monitor Data from a Representative Nearby Site (Partial)
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F.9

CALCULATE DESIGN VALUES AND DETERMINE CONFORMITY (STEP 7)

With both MOVES outputs and background concentrations now available, the project
sponsor can calculate the design values. For illustrative purposes, calculations for a
single receptor with the highest modeled concentrations for the build scenario are shown
in this example. 6 In Step 7, the guidance from Sections 9.3.2 and 9.3.3 are used to
calculate design values from the modeled results and the background concentrations for
comparison with the annual and 24-hour PM2.5 NAAQS.
F.9.1 Determining conformity to the annual PM2.5 NAAQS
First, average background concentrations are determined for each year of monitored data
(shown in Exhibit F-13). The three-year average background concentration is then
calculated (see Exhibit F-14).
Exhibit F-13. Annual Average Background Concentration for Each Year

Monitoring
Year
2008
2009
2010
Annual
Average

Annual Average
Background
Concentration
13.348
12.785
13.927
13.353

Exhibit F-14. Calculation of Annual Design Value (At Highest Receptor)
Annual Average
Background
Concentration
(Three-year
Average)
13.353

Annual Average
Modeled
Concentration
(Five-year
Average)
1.423

Sum of
Background +
Project

Annual Design Value

14.776

14.8

6

In an actual PM hot-spot analysis, design values would be calculated at additional receptors as described
in Section 9.3.
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To determine the annual PM2.5 design value, the annual average background
concentration is added to the five-year annual average modeled concentration (at the
receptor with the highest annual average concentration from the AERMOD output). This
calculation is shown in Exhibit F-14. The sum (project + background) results in a design
value of 14.8 g/m3. This value at the highest receptor is less than the 1997 annual PM2.5
NAAQS of 15.0 g/m3. It can be assumed that all other receptors with lower modeled
concentrations will also have design values less than the 1997 annual PM2.5 NAAQS. In
this example it is unnecessary to determine appropriate receptors in the build scenario or
develop a no-build scenario for the annual PM2.5 NAAQS, since the build scenario
demonstrates that the hot-spot analysis requirements in the transportation conformity rule
are met at all receptors.
F.9.2

Determining conformity to the 24-Hour PM2.5 NAAQS

The next step is to calculate a design value to compare with the 2006 24-hour PM2.5
NAAQS through a “Second Tier” analysis as described in Section 9.3.3. For ease of
explanation, this process has been divided into individual steps, consistent with the
guidance.
Step 7.1
The number of background measurements is counted for each year of monitored data
(2008 to 2010). Based on a 4-day/3-day measurement interval, the dataset has 104 values
per year.
Step 7.2
For each year of monitored concentrations, the eight highest daily background
concentrations for each quarter are determined, resulting in 32 values (4 quarters; 8
concentrations/quarter) for each year of data (shown in Exhibit F-15).
Step 7.3
Identify the highest modeled 24-hour concentration in each quarter, averaged across each
year of meteorological data. For illustrative purposes, the highest average concentration
across five years of meteorological data for a single receptor in each quarter is shown in
Exhibit F-16. Note that, in a real-world situation, this process would be repeated for all
receptors in the build scenario.
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Exhibit F-15. Highest Daily Background Concentrations for Each Quarter and
Each Year

Rank
1
2
3
4
5
6
7

Q1
20.574
20.152
19.743
19.346
18.961
18.588
18.226

8

17.874

Rank
1
2
3
4
5
6
7

Q1
20.195
19.784
19.386
19.000
18.625
18.262
17.910

8

17.568

Rank
1
2
3
4
5
6
7
8

2008
Q2
21.262
20.823
20.398
19.985
19.584
19.196
18.819
18.454
2009
Q2
20.867
20.440
20.026
19.624
19.235
18.857
18.490

Q3
22.354
22.042
21.735
21.434
21.140
20.851
20.568

Q4
20.434
20.016
19.611
19.218
18.837
18.467
18.109

20.291

17.761

Q3
21.932
21.628
21.329
21.037
20.750
20.469
20.194

Q4
20.058
19.651
19.257
18.875
18.504
18.145
17.796

19.924

17.457

Q1
21.137
20.698
20.272
19.860
19.459
19.071
18.694

18.135
2010
Q2
21.847
21.390
20.948
20.519
20.102
19.698
19.307

Q3
22.980
22.655
22.336
22.023
21.717
21.417
21.123

Q4
20.990
20.556
20.135
19.726
19.330
18.945
18.572

18.329

18.927

20.834

18.211

Exhibit F-16. Five-year Average of Highest Modeled Concentrations for Each
Quarter (At Example Receptor)

Five Year Average
Maximum
Concentration (At
Example Receptor)

Q1

Q2

Q3

Q4

6.51

6.64

6.71

6.63
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Step 7.4
The highest modeled concentration in each quarter (from Step 7.3) is added to each of the
eight highest monitored concentrations for the same quarter for each year of monitoring
data (from Step 7.2). As shown in Exhibit F-17, this step results in eight concentrations
in each of four quarters for a total of 32 values for each year of monitoring data. As
mentioned, this example analysis shows only a single receptor’s values, but project
sponsors should calculate design values at all receptors in the build scenario.
Exhibit F-17. Sum of Background and Modeled Concentrations at Example
Receptor for Each Quarter

1
2
3
4
5
6
7
8

Q1
27.088
26.667
26.258
25.861
25.476
25.102
24.740
24.389

1
2
3
4
5
6
7
8

Q1
26.709
26.298
25.900
25.514
25.140
24.776
24.424
24.082

1
2
3
4
5
6
7
8

Q1
27.651
27.212
26.787
26.374
25.974
25.585
25.209
24.843

2008
Q2
27.901
27.462
27.037
26.624
26.224
25.835
25.459
25.093
2009
Q2
27.506
27.079
26.665
26.264
25.874
25.496
25.130
24.774
2010
Q2
28.486
28.030
27.587
27.158
26.742
26.338
25.946
25.566

Q3
29.063
28.750
28.443
28.143
27.848
27.560
27.277
27.000

Q4
26.948
26.530
26.125
25.732
25.351
24.982
24.623
24.275

Q3
28.641
28.336
28.038
27.745
27.459
27.178
26.903
26.633

Q4
26.572
26.166
25.772
25.389
25.019
24.659
24.310
23.971

Q3
29.689
29.363
29.044
28.732
28.426
28.125
27.831
27.543

Q4
27.505
27.070
26.649
26.240
25.844
25.460
25.087
24.725
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Step 7.5
As shown in Exhibit F-18, for each year of monitoring data, the 32 values from Step 7.4
are ordered together in a column and assigned a yearly rank for each value, from 1
(highest concentration) to 32 (lowest concentration).
Exhibit F-18. Ranking Sum of Background and Modeled Concentrations at
Example Receptor for Each Year of Background Data
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

2008
29.063
28.750
28.443
28.143
27.901
27.848
27.560
27.462
27.277
27.088
27.037
27.000
26.948
26.667
26.624
26.530
26.258
26.224
26.125
25.861
25.835
25.732
25.476
25.459
25.351
25.102
25.093
24.982
24.740
24.623
24.389
24.275

2009
28.641
28.336
28.038
27.745
27.506
27.459
27.178
27.079
26.903
26.709
26.665
26.633
26.572
26.298
26.264
26.166
25.900
25.874
25.772
25.514
25.496
25.389
25.140
25.130
25.019
24.776
24.774
24.659
24.424
24.310
24.082
23.971

2010
29.689
29.363
29.044
28.732
28.486
28.426
28.125
28.030
27.831
27.651
27.587
27.543
27.505
27.212
27.158
27.070
26.787
26.742
26.649
26.374
26.338
26.240
25.974
25.946
25.844
25.585
25.566
25.460
25.209
25.087
24.843
24.725
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Step 7.6
For each year of monitoring data, the value with a rank that corresponds to the projected
98th percentile concentration is determined. As discussed in Section 9, an analysis
employing 101-150 background values for each year (as noted in Step 7.1, this analysis
uses 104 values per year) uses the 3rd highest rank to represent a 98th percentile. The 3rd
highest concentration (highlighted in Exhibit F-18) is referred to as the “projected 98th
percentile concentration.”
Step 7.7
Steps 7.1 through 7.6 are repeated to calculate a projected 98th percentile concentration at
each receptor based on each year of monitoring data and modeled concentrations.
Step 7.8
For the example receptor, the average of the three projected 98th percentile concentrations
(highlighted in Exhibit F-18) is calculated.
Step 7.9
The resulting value of 28.508 g/m3 is then rounded to the nearest whole g/m3 resulting
in a design value at the example receptor of 29 g/m3. At each receptor this process
should be repeated. However, in the case of this analysis, the example receptor is the
receptor with the highest design value in the build scenario.
Step 7.10
The design values calculated at each receptor are compared to the NAAQS. In the case
of this example, the highest 24-hour design value (29 g/m3) is less than the 2006 24
hour PM2.5 NAAQS of 35 g/m3. Since this is the design value at the highest receptor, it
can be assumed that the conformity requirements are met at all receptors in the build
scenario. Therefore, it is unnecessary for the project sponsor to calculate design values
for the no-build scenario for the 24-hour PM2.5 NAAQS.

F.10 CONSIDER MITIGATION AND CONTROL MEASURES (STEP 8)
In this case, the project is determined to conform. In situations when this is not the case,
it may be necessary to consider additional mitigation or control measures. If measures
are considered, additional air quality modeling would need to be completed and new
design values calculated to ensure that conformity requirements are met. See Section 10
for more information, including some specific measures that might be considered.

F.11 DOCUMENT THE PM HOT-SPOT ANALYSIS (STEP 9)
The final step is to properly document the PM hot-spot analysis in the conformity
determination (see Section 3.10).
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Appendix G:
Example of Using EMFAC2011 for a Highway Project

G.1

INTRODUCTION

The purpose of this appendix is to demonstrate the procedures described in Section 5 of
the guidance on using EMFAC2011 to generate emission factors for air quality modeling.
The following example, based on a hypothetical, simplified highway project, illustrates
the modeling steps required for users to run the EMFAC2011-PL tool to develop projectspecific PM running exhaust emission factors using the “simplified approach” described
in Section 5.5 of the guidance.
As discussed in the guidance, application of the simplified approach and use of the
EMFAC2011-PL tool is only appropriate when the project-specific fleet age distribution
does not differ from the EMFAC2011 defaults and the project does not include start or
idling emissions. See Appendix H for an example of using the detailed approach to
modify a default age distribution.
Users will be able to generate running emission factors (in grams/vehicle-mile) in a
single EMFAC2011-PL run; multiple links and calendar years can also be handled within
one run. This example does not include the subsequent air quality modeling; refer to
Appendix E for an example of how to run an air quality model for a highway project for
PM hot-spot analyses.

G.2

PROJECT CHARACTERISTICS

The hypothetical highway project is located in Sacramento County, California. For
illustrative purposes, the project is characterized by a single link with an average link
travel speed for all traffic equal to 65 mph.1 Project-specific age distributions do not
differ from the EMFAC2011 defaults, so a simplified modeling approach using the
EMFAC2011-PL tool will be used to develop a link-specific PM2.5 emission rate.
The project’s first full year of operation is assumed to be the year 2013. Through the
interagency consultation process, it is determined that 2015 should be the analysis year
(based on the project’s emissions and background concentrations). The build scenario
2015 traffic data for this highway project shows that 25% of the total project VMT is
from trucks and 75% from non-trucks. This truck/non-truck fleet mix will be used to
post-process the EMFAC-PL output.
1

These are simplified data to illustrate the use of EMFAC2011; this example does not, for instance,
separate data by peak vs. off-peak periods, divide the project into separate links, or consider additional
analysis years, all of which would likely be required for an actual project.
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G.3

DESCRIBING THE SCENARIO USING THE EMFAC2011-PL TOOL

Based on the project characteristics, it is first necessary to describe the modeling scenario
in the EMFAC2011-PL interface (see Exhibits G-1 and G-2).
Exhibit G-1. Basic Inputs in EMFAC2011-PL for the Hypothetical Highway Project
Step

Input Category

Input Data

Note

1

Vehicle Category
Scheme

Truck / Non-Truck
Categories

Provides rates for truck/non-truck
categories

2

Region type

County

Per Section 5.5.2 of the guidance

3

Region

Sacramento

Select from drop-down list

4

CalYr

2015

Select from drop-down list

5

Season

Annual

Select from drop-down list

6

Vehicle Category

ALL

Provides rates for HD and LD

7

Fuel Type

TOT

Does not generate separate rates for
gasoline and diesel

8

Speed

65 MPH

Select from drop-down list
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Exhibit G-2. EMFAC2011-PL GUI Showing Selections Made for the Hypothetical
Highway Project
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G.4

CALCULATING A LINK-SPECIFIC EMISSION RATE FROM
EMFAC2011-PL OUTPUT

After running EMFAC2011-PL, an output Excel file (Exhibit G-3) is produced in the
EMFAC2011-PL folder. From this file, emission rates are appropriately processed to
calculate a single link emission rate appropriate for dispersion modeling. This process is
described below.
Exhibit G-3. EMFAC2011-PL Output File

The next step is to extract the relevant emission rates for post-processing in a separate
Excel worksheet. For running emissions, the Total PM2.5 emission factor (EF) is
calculated as the sum of the running exhaust EF (Exhibit G-4), the brake wear EF, and
the tire wear EF (Exhibit G-5).

Exhibit G-4. Running Exhaust Rates

Exhibit G-5. Brake Wear and Tire Wear Rates
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These rates are then summed separately for Trucks and Non-Truck categories (shown in
Exhibit G-6).
Exhibit G-6. Calculation of Truck and Non-Truck Total PM2.5 EF
Running
Exhaust EF

Tire wear EF

Break wear EF

Total PM2.5 EF

Non-trucks

0.0022297

0.0020026

0.0166726

0.020905

Trucks

0.0229593

0.0025758

0.0206886

0.046224

From the calculated Total PM2.5 EF, the truck and non-truck rates are then weighted
together based on the relative VMT for each vehicle type. In this example, trucks
account for 25% of VMT while non-trucks account for 75% of VMT. Exhibit G-7
demonstrates how the EFs are weighted to calculate a single link emission rate.
Exhibit G-7. Calculation of Total PM2.5 Link Emission Rate
Total
Emission
Rate

VMT adjustment

Weighted
Emission Rate

Non-trucks

0.020905

0.75

0.0156788

Trucks

0.046224

0.25

0.011556
0.027235

This completes the use of the EMFAC2011-PL tool to determine emissions factors for
this project using the simplified approach. The total running link emission factor of
0.027235 grams per vehicle-mile can be now be used in combination with link length and
link volume as inputs into the selected air quality model, as discussed in Section 7 of the
guidance.
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Appendix H:
Example of Using EMFAC2011 to Develop Emission Factors
for a Transit Project
H.1

INTRODUCTION

The purpose of this appendix is to illustrate the modeling steps required for users to
develop PM idling emission factors for a hypothetical bus terminal project using
EMFAC2011. It also shows how to generate emission factors from EMFAC2011 for a
project that involves a limited selection of vehicle classes (e.g., urban buses) and an age
distribution that differs from the EMFAC2011 defaults.1 Because the project age
distribution differs from the EMFAC2011 defaults, use of the simplified approach and
EMFAC2011-PL tool is not appropriate. Instead, the detailed approach described in
Section 5.6 of the guidance will be used.
This example uses the “Emfac” mode in EMFAC2011-LDV to generate grams per
vehicle-hour (g/veh-hr) emission factors stored in the “Summary Rate” output file (.rts
file) suitable for use in the AERMOD air quality model. This example does not include
the subsequent air quality modeling; refer to Appendix F for an example of how to run
AERMOD for a transit project for PM hot-spot analyses.
The assessment of a bus terminal or other non-highway project can involve modeling two
different categories of emissions: (1) the idle and/or start emissions at the project site, and
(2) the running exhaust emissions on the links approaching and departing the project site.
As discussed in Section 5.7.4, EMFAC2011-LVD allows users to generate emission
factors for all of these in a single run. This appendix walks through the steps to model
idle emissions for this hypothetical project. Users will be able to generate idle emission
factors in a single EMFAC2011-LDV model run; multiple calendar years can also be
handled within one model run. As described in the main body of this section, each run
will be specific to either PM10 or PM2.5; however, this example is applicable to both.
This example is intended to help project sponsors understand how to create representative
idle emission factors based on the best available information supplied by EMFAC2011,
thus providing an example of how users may have to adapt the information in
EMFAC2011 to their individual project circumstances.
To estimate idle emissions at a terminal project, the main task will involve modifying the
default vehicle populations and VMT distribution, by vehicle, fuel, and age distribution
embedded in EMFAC2011 to reflect the project-specific bus fleet.

1

This is a highly simplified example showing how to employ EMFAC2011 to calculate idle emission
factors for use in air quality modeling. An actual project would be expected to be significantly more
complex.
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H.2

PROJECT CHARACTERISTICS

A PM10 hot-spot analysis is conducted for a planned bus terminal project in Sacramento
County, California. The project’s first full year of operation is assumed to be the year
2013. Through the interagency consultation process, it is determined that 2015 should be
the analysis year (based on the project’s emissions and background concentrations). The
PM analysis is focused on idle emissions from buses operated in the terminal.
Additionally, all buses in this example operate using diesel fuel and are ten years old (age
10).
It is determined that the appropriate EMFAC2011 vehicle category for the urban transit
buses included in the project is “UBUS-DSL,” which is a type found in the
EMFAC2011-LDV module (see Section 5.6.2 of the guidance). Therefore, we will be
applying the EMFAC2011-LDV procedure described in Section 5.7 of the guidance.

H.3

PREPARING EMFAC2011 BASIC INPUTS

Based on the project characteristics, basic inputs and default settings in EMFAC2011
LDV are first specified (see Exhibit H-1). These basic inputs are similar to those
specified for highway projects. To generate idle emission factors for urban transit buses
(UBUS-DSL) from EMFAC2011-LDV, a speed bin of 5 mph must be selected in the
EMFAC2011-LDV interface.
Exhibit H-1. Basic Inputs in EMFAC2011-LDV for the Hypothetical Highway
Project
Step
1

Input Category
Geographic Area
Calculation Method

Input Data

Note

County  Sacramento
Use Average

Select from drop-down list
Default (not visible in the
EMFAC2011-LDV user interface)
Select from drop-down list
Select from drop-down list
Define default title in the
EMFAC2011-LDV user interface
Include all model years
Include all vehicle classes
Include all pre-defined I/M program
parameters
Delete all default temperature bins
and input 60
Delete all default relative humidity
bins and input 70
Include speed bin of 5 mph
Select from EMFAC2011-LDV user
interface
Select from EMFAC2011-LDV user
interface

2
3
4

Calendar Years
Season or Month
Scenario Title

2015
Annual
Use default

5
6
7

Model Years
Vehicle Classes
I/M Program Schedule

Use default
Use default
Use default

8

Temperature

9

Relative Humidity

70%RH

10
11

Speed
Emfac Rate Files

Use default
Summary Rates (RTS)

12

Output Particulate

PM10

60F
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H.4

EDITING EMFAC2011-LDV DEFAULT VMT AND POPULATION TO
REFLECT PROJECT-SPECIFIC BUS FLEET

To generate idle emission factors that reflect the bus terminal project data, vehicle
population and VMT by vehicle class must be modified in the EMFAC2011-LDV user
interface. The EMFAC2011 module has data limitations regarding idle emissions:
among the available vehicle classes in EMFAC2011-LDV, idle emission factors are
available only for the LHDT1, LHDT2, MHDT, HHDT, School Buses, and Other Buses
vehicle types. Although EMFAC2011-LDV does not explicitly provide idle emission
factors for the “UBUS-DSL” class (the class most typically associated with urban transit
buses), as described in Section 5.7.4 of the guidance, the 5 mph emission factors may be
used to represent transit buses by multiplying the rate (grams/vehicle-mile) by 5 miles per
hour, resulting in a grams/veh-hour rate.
Since the fuel use and age distribution of the bus fleet are known, it is necessary to edit
the EMFAC2011-LDV program constants (defaults) to reflect this information. First,
VMT “By Vehicle and Fuel” will be edited to reflect entirely diesel Urban Bus operation
by changing gasoline Urban Bus VMT to “1” (because “0” will cause an error). Next,
Population “By Vehicle and Fuel” will be edited to reflect entirely diesel Urban Bus
operation by changing the number of gasoline Urban Buses to “1”. Finally, the
Population “By Vehicle/Fuel/Age” will be edited to reflect the known Urban Bus age
distribution by preserving the number of Urban Buses “age 10”, and changing the number
of buses of all other ages to “0” (note this must be done by exporting the default age
distribution to Excel, as explained in Exhibit H-4).
As shown in Figure H-2, VMT is edited to reflect only diesel operation by Urban Buses.
For this example bus terminal, a very low value (“1”) is entered into the interface for
gasoline Urban Buses to represent the project-specific fuel data.
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Exhibit H-2. Changing EMFAC2011-LDV Default VMT to Reflect Project-Specific
Fuel Use

Default EMFAC2011-LDV data before modification

H-4

Modified EMFAC2011-LDV data

H-5

Next, in Exhibit H-3 the default EMFAC2011-LDV vehicle population is similarly edited
to reflect an entirely diesel-fueled bus fleet.
Exhibit H-3. Changing EMFAC2011-LDV Default Population to Reflect ProjectSpecific Fuel Use

Default EMFAC2011-LDV data before modification
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Modified EMFAC2011-LDV data

Finally, in Exhibit H-4, it is necessary to export the default age distribution for
modification in Excel. The Urban Bus type has a default age distribution that does not
match the project. To change the default, zeros (“0”) are entered for all ages except
“Age10” to reflect a fleet that is entirely 10 year-old buses. The table is copied and
pasted back into the EMFAC2011-LDV module.
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Exhibit H-4. Changing EMFAC2011-LDV Default Age Distribution to Reflect
Project-Specific Bus Roster
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Default EMFAC2011-LDV age distribution before modification

Modified age distribution
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Modified EMFAC2011-LDV data
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H.6

PROCESSING IDLE EMISSION FACTORS

Urban Buses (“UBUS”) is the vehicle class best representing transit buses in this
hypothetical bus terminal project. After the EMFAC2011-LDV run is completed, the
project-specific idle exhaust emission factors are presented in Table 1 of the output
Summary Rates file (.rts file) as shown in Exhibit H-5.
Exhibit H-5. EMFAC2011-LDV Output

As discussed, the Urban Bus type does not have an explicit idle emission rate. Therefore,
the 5 mph emission rate will be used to represent idle operation. As highlighted in
Exhibit H-5, the PM10 5 mph exhaust emission factor for the Urban Buses is 0.106
grams/veh-mile. In order to produce a grams/veh-hour emission factor for use in
AERMOD, this emission factor (0.106 grams/vehicle-mile) is multiplied by 5 miles per
hour. The resulting rate is 0.53 grams/veh-hour. Note that buses typically do not idle for
the entire hour, so this rate should be applied to the actual number of bus idle-hours (i.e.,
[grams/vehicle-hour] x [idling time of each vehicle in fraction of an hour] x [number of
vehicles]) expected in the project area to produce an updated grams/hour rate.
This completes the use of EMFAC2011-LDV for determining idle emission factors for
this project. The grams/hour idle rate can now be input into AERMOD as discussed in
Section 7 of the guidance.
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Appendix I:
Estimating Locomotive Emissions
I.1

INTRODUCTION

This appendix describes how to quantify locomotive emissions when they are a
component of a transit or freight terminal or otherwise a source in the project area being
modeled. Note that state or local air quality agencies may have experience modeling
locomotive emissions and therefore could be of assistance when quantifying these
emissions for a PM hot-spot analysis.
Generally speaking, locomotive emissions can be estimated in the following manner:
1. Determine where in the project area locomotive emissions should be estimated.
2. Determine when to analyze emissions.
3. Describe the locomotive activity within the project area, including:
 The locomotives present in the project area (the “locomotive roster”); and
 The percentage of time each locomotive spends in various throttle settings
(the “duty cycle”).
4. Calculate locomotive emissions using either:
 Horsepower rating and load factors, or
 Fuel consumption data.1
The estimated locomotive emission rates that result from this process would then be used
for air quality modeling. The interagency consultation process must be used to evaluate
and choose the model and associated method and assumptions used for quantifying
locomotive emissions for PM hot-spot analyses (40 CFR 93.105(c)(1)(i)).

I.2

DETERMINING WHERE IN THE PROJECT AREA LOCOMOTIVE
EMISSIONS SHOULD BE ESTIMATED

Under certain circumstances, it is appropriate to model different locations within the
project area as separate sources to characterize differences in locomotive type and/or
activity appropriately. This step is analogous to dividing a highway project into links (as
described in Sections 4.2 and 5.2 of the guidance) and improves the accuracy of
emissions modeling and subsequent air quality modeling. For example, in an intermodal
terminal, emissions from a mainline track (which will have a large percentage of higher
1

These are the two methods described in this appendix; others may be possible. See Appendix I.5 for
details.
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speed operations with little idling) should be estimated separately from the associated
passenger or freight terminal (which would be expected to experience low speed
operations and significant idling).
The following activities are among those typically undertaken by locomotives and are
candidates for being modeled as separate sources if they occur at different locations
within the project area:
 Idling within the project area;
 Trains arriving into, or departing from, the project area (e.g., terminal arrival and
departure operations);
 Testing, idling, and service movements in maintenance areas or sheds;
 Switching operations;
 Movement of trains passing through, but not stopping in, the project area.
The project area may also be divided into separate sources if it includes several different
locomotive rosters (see Appendix I.4.1, below)

I.3

DETERMINING WHEN TO ANALYZE EMISSIONS

The number of hours and days that have to be analyzed depends on the range of activity
expected to occur within the project area. For rail projects where activity varies from
hour to hour, day to day, and possibly month to month, it is recommended that, at a
minimum, project sponsors calculate emissions based on 24 hours of activity for both a
typical weekday and weekend day and for four representative quarters of the analysis
year when comparing emissions to all PM2.5 NAAQS.2 For projects in areas that violate
only the 24-hour PM10 or PM2.5 NAAQS, the project sponsor may choose to model only
one quarter, in appropriate cases. See Section 3.3.4 of the guidance for further
information.
These resulting emission rates should be applied to AERMOD and used to calculate
design values to compare with the applicable PM NAAQS as described in Sections 7
through 9 of the guidance.

I.4

DESCRIBING THE LOCOMOTIVE ROSTERS AND DUTY CYCLES

Before calculating locomotive emission rates, it is necessary to know what locomotives
are present in the locations being analyzed in the project area (see Appendix I.2, above)
and what activities these locomotives are undertaking at these locations. This data will
impact how emissions are calculated.
2

If there is no difference in activity between weekday and weekend activity, it may not be necessary to
examine weekend day activity separately. Similarly, if there is no difference in activity between quarters,
emission rates can be determined for one quarter, which can then be used to represent every quarter of the
analysis year.
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I.4.1

Locomotive rosters

Because emissions can vary significantly depending on a locomotive’s make, model,
engine, and year of engine manufacture (or re-manufacture), it is important to know what
locomotives are expected to be operating within the project area. Project sponsors should
develop a “locomotive roster” (i.e., a list of each locomotive’s make, model, engine, and
year) for the locomotives that will be operating within the specific project area being
analyzed. The more detailed the locomotive roster, the more accurate the estimated
emissions will be.
In some cases, it will be necessary to develop more than one locomotive roster to reflect
the operations in the project area accurately (for example, switcher locomotives may be
confined to one portion of a facility and therefore may be represented by their own
roster). In these situations, users should model areas with different rosters as separate
sources to account for the variability in emissions (see Appendix I.2).
I.4.2

Locomotive duty cycles

Diesel locomotive engine power is controlled by “notched” throttles; idling, braking, and
moving the locomotive is conducted by placing the throttle in one of several available
“notch settings.”3 A locomotive’s “duty cycle” is a description of how much time, on
average, the locomotive spends in each notch setting when operating. Project sponsors
should use the latest locally-generated or project-specific duty cycles whenever possible;
this information may be available from local railway authorities or the state or local air
agency.4 The default duty cycles for line-haul and switch locomotives, found in Tables 1
and 2 of 40 CFR 1033.530 (EPA’s regulations on controlling emissions from
locomotives), should be used only if they adequately represent the locomotives that will
be present in the project area and no local or project-specific duty cycles are available.

I.5

CALCULATING LOCOMOTIVE EMISSIONS

Once a project’s locomotive rosters and respective duty cycles have been determined,
locomotive emissions can then be calculated for each part of the project area using either
(1) horsepower rating and load factors, or (2) fuel consumption data. These two methods
are summarized below. Unless otherwise determined through consultation, only one
method should be used for a given project.

3

A diesel locomotive typically has eight notch settings for movement (run notches), in addition to one or
more idle or dynamic brake notch settings. Dynamic braking is when the locomotive engine, rather than
the brake, is used to control speed.
4
The state or local air agency may have previously developed locally-appropriate duty cycles for emissions
inventory purposes.
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I.5.1

Finding emission factors

Regardless of method chosen, locomotive emissions factors will be needed for the
analysis. Locomotive emission factors depend on the type of engine, the power rating of
the locomotive (engine horsepower), and the year of engine manufacture (or re
manufacture). Default PM10 emission factors for line-haul and switch locomotives can be
obtained from Tables 1 and 2 of EPA’s “Emission Factors for Locomotives,” EPA-420
F-09-025 (April 2009).5 These PM10 emission factors are in grams/horsepower-hour and
can easily be converted to PM2.5 emission factors. However, these are simply default
values; locomotive-specific data may be available from manufacturers and should be
used whenever possible. In addition, see Appendix I.5.4 for other variables that must be
considered when determining the appropriate locomotive emission factors.
Note that the default locomotive emission factors promulgated by EPA may change over
time as new information becomes available. The April 2009 guidance cited above
contains the latest emission factors as of this writing. Project sponsors should consult the
EPA’s website at: www.epa.gov/otaq/locomotives.htm for the latest locomotive default
emission factors and related guidance.
I.5.2

Calculating emissions using horsepower rating and load factors

One way locomotive emissions can be calculated is to use PM2.5 or PM10 locomotive
emission factors, the horsepower rating of the engines found on the locomotive roster,
and engine load factors (which are calculated from the duty cycle).
Calculating Engine Load Factors
The horsepower of the locomotive engines, including the horsepower used in each notch
setting, should be available from the rail operator or locomotive manufacturer.
Locomotive duty cycle data (see Appendix I.4.2) can then be used to determine how
much time each locomotive spends in each notch setting, including braking and idling.
An engine’s “load factor” is the percent of maximum available horsepower it uses over
the course of its duty cycle. In other words, a load factor is the weighted average power
used by the locomotive divided by the engine’s maximum rated power.6 Load factors can
be calculated by summing the actual horsepower-hours of work generated by the engine
in a given period of time and dividing it by the engine’s maximum horsepower and the
hours during which the engine was being used, with the result expressed as a percentage.
For example, if a 4000 hp engine spends one hour at full power (generating 4000 hp-hrs)
and one hour at 50 percent power (generating 2000 hp-hrs), its load factor would be 75
5

Table 1 of EPA’s April 2009 document includes default emission factors for higher power cycles
representative of general line-haul operation; Table 2 includes emission factors for lower power cycles used
for switching operations. The April 2009 document also includes information on how to convert PM 10
emission factors for PM2.5 purposes. Note that Table 6 (PM10 Emission Factors) should not be used for PM
hot-spot analyses, since these factors are national fleet averages rather than emission factors for any
specific project.
6
“Weighted average power” in this case is the average power used by the locomotive weighted by the time
spent in each notch, as explained further below.
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percent (6000 hp-hrs ÷ 4000 hp ÷ 2 hrs). Note that, in this example, it would be
equivalent to calculate the load factor using the percent power values instead: ((100% * 1
hr) + (50% * 1 hr) ÷ 2 hrs = 75%). To simplify emission factor calculations, it is
recommended that locomotive activity be generalized into the operational categories of
“moving” and “idling,” with separate load factors calculated for each.
An engine’s load factor is calculated by completing the following steps:
Step 1. Determine the number of notch settings the engine being analyzed has and the
horsepower used by the engine in each notch setting.7 Alternatively, as described above,
the percent of maximum power available in each notch could instead be used.
Step 2. Identify the percentage of time the locomotive being analyzed spends in each
notch setting based on its duty cycle (see Appendix I.4.2).
Step 3. To make emission rate calculations easier, it is useful to calculate two separate
load factors for an engine: one for when the locomotive is idling and one for when it is
moving.8 Therefore, the percentage of time the locomotive spends in each notch (from
Step 2) needs to be adjusted so that all idling and all moving notches are considered
separately. For example, if a locomotive has just one idle notch setting, it spends 100%
of its idling time in that setting, even if it only idles during part of its duty cycle. While
calculating the time spent idling will usually be simple, for the non-idle (moving) notch
settings some additional adjustment to the locomotive’s duty cycle percentages will be
required to determine the time spent in each moving notch as a fraction of total time spent
moving, disregarding any time spent idling.
For example, say a locomotive spends 30% of its time idling and 70% of its time moving
over the course of its duty cycle and that 15% of this total time (idling and moving
together) is spent in notch 2. When calculating the moving load factor, this percentage
needs to be adjusted to determine what fraction of just the 70% of time spent moving is
spent in notch 2. In this example, 15% of the total duty cycle spent in notch 2 would
equal 21.4% (15% * 100% ÷ 70%) of the locomotive’s time when it is not at idle; that is,
whenever it is moving, this locomotive spends 21.4% of its time in notch 2. This
calculation is repeated for each moving notch setting. The result will be the fraction of
time spent in each notch when considering idle and moving modes of operation
separately.
Step 4. The next step is to calculate what fraction of maximum available horsepower is
being used based on the time spent in each notch setting as was calculated in Step 3. This
is determined by summing the product of the percentage of time spent in each notch
(calculated in Step 3) by the horsepower generated by the engine at that notch setting
(determined in Step 1). For example, if the locomotive with a rated engine power of
7

For locomotives that are equipped with multiple dynamic braking notches and/or multiple idle notches, it
may be necessary to assume a single dynamic braking notch and a single idle notch, depending on what
information is available about the particular engine.
8
In this case, “moving” refers to all non-idle notch settings: that is, dynamic braking and all run notches.

I-5

3000 hp spends 21.4% of its moving time in notch 2 and 78.6% of its moving time in
notch 6, and is known to generate 500 hp while in notch 2 and 2000 hp while in notch 6,
then its weighted average power would be 1679 hp (107 hp (500 hp * 0.214) + 1572 hp
(2000 hp * 0.786) = 1679 hp).
Step 5. The final step is to determine the load factors. This is done by dividing the
weighted average horsepower (calculated in Step 4) by the maximum engine horsepower.
For idling, this should be relatively simple. For example, if there is one idle notch setting
and it is known that a 4000 hp engine uses 20 hp when in its idle notch, then its idle load
factor will be 0.5% (20 hp ÷ 4000 hp). To determine the load factor for all power
notches, the weighted horsepower calculated in Step 4 should be divided by the total
engine horsepower. For example, if the same 4000 hp engine is determined to use an
average of 1800 hp while in motion (as determined by adjusting the horsepower by the
time spent in each “moving” notch setting in Step 4), then the moving load factor would
be 45% (1800 hp ÷ 4000 hp).
The resulting idling and moving load factors represent the average amount of the total
engine horsepower the locomotive is using when idling and moving, respectfully. These
load factors can then be used to modify PM emission factors and generate emission rates
as described below.
Generating Emission Rates Based on Load Factors
As noted above, EPA’s “Emission Factors for Locomotives” provides emission factors in
grams/brake horsepower-hour. This will also likely be the case with any specific
emission factors obtained from manufacturer’s specifications. These units can be
converted into grams/second (g/s) emission rates by using the load factor on the engines
and the time spent in each operating mode, as described below.
The first step is to adjust the PM emission factors to reflect how the engine will actually
be operating.9 This is done by multiplying the appropriate PM emission factor by the
idling and moving load factors calculated for that particular engine.10 Next, to determine
the emission rate, this adjusted emission factor is further multiplied by the amount of
time the locomotive spends idling and moving while in the project area.11
For example, if the PM emission factor known to be 0.18 g/bhp-hr, the engine being
analyzed has an idling load factor of 0.5%, and the locomotive is anticipated to idle 24
minutes per hour in the project area, then the resulting emission rate would be 0.035
grams/hour (0.18 g/bhp-hr * 0.5% * 0.4 hours).

9

Because combustion characteristics of an engine vary by throttle notch position, it is appropriate to adjust
the emission factor to reflect the average horsepower actually being used by the engine.
10
Project sponsors are reminded to check www.epa.gov/otaq/locomotives.htm to ensure the latest default
emission factors for idle and moving emissions are being used.
11
Note that this may or may not match up with the idle and moving time as described by the duty cycle
used to calculate the load factors, depending on how project-specific that duty cycle is.
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Emission rates need to be converted into g/s for use by AERMOD, as described further in
Sections 7 through 9 of the guidance. These calculations should be repeated until the
entire locomotive roster is represented in each part of the project area being analyzed.
Appendix I.7 provides an example of calculating g/s locomotive emission rates using this
methodology.
I.5.3

Calculating emissions using fuel consumption data

Another method to calculate locomotive emissions involves using fuel consumption data.
Chapter 6.3 of EPA’s “Procedure for Emission Inventory Preparation -- Volume IV:
Mobile Sources” (reference information provided in Appendix I.6, below) is a useful
reference and should be consulted when using this method.
Note that, for this method, it may be useful to scale down data already available to the
project sponsor. For example, if rail car miles/fuel consumption is known for trains
operating in situations identical to those being estimated in the project area, this data can
be used to estimate fuel consumption rates for a defined track length within the project
area.
Calculating Average Fuel Consumption
Locomotive fuel consumption is specific to a particular locomotive engine and the
throttle (notch) setting it is using. Data on the fuel consumption of various engines at
different notch settings can often be obtained from the locomotive or engine
manufacturer’s specifications. When only partial data is available (e.g., only data for the
lowest and highest notch settings are known), interpolation combined with best available
engineering judgment can be used to determine fuel consumption at the intermediate
notch settings.
A locomotive’s average fuel consumption can be calculated by determining how long
each locomotive is expected to spend in each notch setting based on its duty cycle (see
Appendix I.4.2). This data can be aggregated to generate an average fuel consumption
rate for each locomotive type. See Chapter 6.3 of Volume IV for details on how to
generate this data based on a specific locomotive roster and duty cycle.
Once the average fuel consumption rates have been determined, they should be
multiplied by the appropriate emission factors to determine a composite average hourly
emission rate for each engine in the roster. Since the objective is to determine an average
fuel consumption rate for the entire locomotive roster, this calculation should be repeated
for each engine on the roster at each location analyzed.
If several individual sources will be modeled at different sections of the project area as
described in Appendix I.2, train schedule data should be consulted to determine the hours
of operation of each locomotive within each section of the project area. Hourly emission
rates per locomotive should then be multiplied by the number of hours the locomotive is
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operating, for each hour of the day in each section of the project area to provide average
hourly emission rates for each section of the project. These should then be converted to
grams/second for use in AERMOD, as described further in Sections 7 through 9 of the
guidance.
Examples of calculating locomotive emissions using this method can be found in Chapter
6 of Volume IV.
I.5.4

Factors influencing locomotive emissions and emission factors

The following considerations will influence locomotive emissions regardless of the
method used and should be examined when determining how to characterize locomotives
for emissions modeling or when choosing the appropriate emission factors:


Project sponsors should be aware of the emission reductions that would result
from remanufacturing existing locomotives (or replacing existing locomotives
with new locomotives) that meet EPA’s Tier 3 or Tier 4 emission standards when
they become available. The requirements that apply to existing and new
locomotives were addressed in EPA’s 2008 rulemaking entitled “Control of
Emissions of Air Pollution from Locomotive Engines and Marine CompressionIgnition Engines Less Than 30 liters Per Cylinder” (73 FR 37095). Beginning in
2012 all locomotives will be required to use ultra-low sulfur diesel fuel (69 FR
38958). Additionally, when existing locomotives are remanufactured, certified
remanufacture systems will have to be installed to reduce emissions. Beginning
in 2011, new locomotives must meet tighter Tier 3 emission standards. Finally,
beginning in 2015 even more stringent Tier 4 emission standards for new
locomotives will begin to be phased in.



For locomotives manufactured before 2005, a given locomotive may be in one of
three possible configurations, depending on when it was last remanufactured: (1)
uncertified; (2) certified to the standards in 40 CFR Part 92; or (3) certified to the
standards in 40 CFR Part 1033. Each of these configurations should be treated as
a separate locomotive type when conducting a PM hot-spot analysis.



Emissions from locomotives certified to meet Family Emission Limits (FELs)
may differ from the emission standard identified on the engine’s Emission
Control Information label. Rail operators will know if their locomotives
participate in this program. Any locomotives in the project area participating in
this program should be identified so that the actual emissions from the particular
locomotives being analyzed are considered in the analysis, rather than the family
emissions level listed on their FEL labels.
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I.6

AVAILABLE RESOURCES

These resources and websites should be checked prior to beginning any PM hot-spot
analysis to ensure that the latest data (such as emission factors) are being used:

I.7



“Emission Factors for Locomotives,” EPA-420-F-09-025 (April 2009). Available
online at: www.epa.gov/otaq/locomotives.htm.



Chapter 6 of “Procedure for Emission Inventory Preparation - Volume IV: Mobile
Sources.” Available online at: www.epa.gov/OMS/invntory/r92009.pdf. Note
that, as of this writing, the emission factors listed in Volume IV have been
superseded by the April 2009 publication listed above for locomotives certified to
meet current EPA standards.12



“Control of Emissions from Idling Locomotives,” EPA-420-F-08-014, March
2008. Available online at:
www.epa.gov/otaq/regs/nonroad/locomotv/420f08014.htm.



See Section 10 of the guidance for additional information regarding potential
locomotive emission control measures.

EXAMPLE OF CALCULATING LOCOMOTIVE EMISSION RATES USING
HORSEPOWER RATING AND LOAD FACTOR ESTIMATES

The following example demonstrates how to estimate locomotive emissions using the
engine horsepower rating/load factor method described in Appendix I.5.2.
The hypothetical proposed project in this example includes the construction of an
intermodal terminal in an area that is designated as nonattainment for both the 1997
annual PM2.5 NAAQS and the 2006 24-hour PM2.5 NAAQS. The terminal in this
example is to be completed and operational in 2013. The hot-spot analysis is performed
for 2015, because it is determined through interagency consultation that this will be the
year of peak emissions, when considering the project’s emissions and the other emissions
in the project area.
In this example, the operational schedule anticipates that 32 locomotives will be in the
project area over a 24-hour period, with 16 locomotives in the project area during the
peak hour. Based on the schedule, it is further determined that while in the project area
each train will spend 540 seconds idling and 76 seconds moving.

12

Although the emission factors have been superseded, the remainder of the Volume IV guidance remains
in effect.
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The locomotive PM2.5 emissions are calculated based on horsepower rating and load
factors.
I.7.1

Calculate idle and moving load factors

As described in I.5.2, the project sponsor uses a series of steps to calculate load factors.
These steps are described below and the results from each step are shown in table form in
Exhibit I-1.
Step 1: The project sponsor first needs some information about the locomotives expected
to be operating at the terminal in the analysis year.
For each locomotive, the horsepower used by the locomotive in each notch setting as well
as under dynamic braking and at idle must be determined. For the purpose of this
example it is assumed that all of the locomotives that will serve this terminal are very
similar: all use the same horsepower under each of operating conditions, and all have
only one idle and dynamic braking notch setting. The horsepower generated at each
notch setting is obtained from the engine specifications (see second column of Exhibit I
1). In this case, the rated engine horsepower is 4000 hp (generated at notch 8).
Step 2: The next step is to determine the average amount of time that the locomotives
spend in each notch and expressing the results as a percentage of the locomotive’s total
operating time. In this example, it is determined that, based on their duty cycle, the
locomotives that will service this terminal spend 38% of their time idling and 62% of
their time in motion in one of the eight run notch settings or under dynamic braking. The
percentage of time spent in each notch is shown in the third column of Exhibit I-1.
Step 3: To make emission factor calculations easier, it is decided to calculate separate
idling and moving load factors. The next step, then, is for the project sponsor to calculate
the actual percentage of time that the locomotives spend in each notch, treating idling and
moving time separately. This is done by excluding the time spent idling and
recalculating the percentage of time spent in the other notches (i.e., dynamic braking and
each of the eight notch settings) so that the total time spent in non-idle notches adds to
100%. The results are shown in the fourth column of Exhibit I-1.
Step 4: The next step is to calculate the weighted average horsepower for this engine
using the horsepower generated in each notch and the percentage of time spent in each
notch as adjusted in Step 3. For locomotives that are idling, this is simply the horsepower
used at idle. For the other notches, the actual horsepower for each notch is determined by
multiplying the horsepower generated in a given notch (determined in Step 1) by the
actual percentage of time that the locomotive is in that notch, as adjusted (calculated in
Step 3). The results are shown in the fifth column of Exhibit I-1.
Step 5: The final step in this part of the analysis is to determine the idle and moving load
factors. The idle load factor is just the horsepower generated at idle divided by the
maximum engine horsepower, with the result expressed as a percentage. To determine
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the moving load factor, the weighted average horsepower for all non-idle notches
(calculated in Step 4) is divided by the maximum engine horsepower, with the result
expressed as a percentage. The final column of Exhibit I-1 shows the results of these
calculations, with the idling and moving load factors highlighted.
Exhibit I-1. Calculating Locomotive Load Factors

Notch
Setting

14

38.0%

100.0%

14.0

136

12.5%

20.2%

27.5

224
484
984
1149
1766
2518
3373
4,000

6.5%
6.5%
5.2%
4.4%
3.8%
3.9%
3.0%
16.2%
62.0%

10.5%
10.5%
8.4%
7.1%
6.1%
6.3%
4.8%
26.1%
100.0%

23.5
50.8
82.7
81.6
107.8
158.6
161.9
1,044.0
1,752.4

Step 1:
Horsepower
(hp)
used in
notch

Idling load factor:
Idle
Moving load factor:
Dynamic
Brake
1
2
3
4
5
6
7
8
Total

I.7.2

Step 2:
Average %
time spent
in notch

Step 3:
Reweighted
time spent in
each notch
(adjusted so
that non-idle
notches add to
100%)

Step 4:
TimeStep 5:
weighted
Load
hp used,
factors
based on
(idle and
time
moving)
spent in
notch

0.4%

43.8%

Using the load factors to calculate idle and moving emission rates

Now that the idle and moving load factors have been determined, the gram/second (g/s)
emission rates can be calculated for the idling and moving locomotives.
First, the project sponsor would determine how many locomotives are projected to be
idling and how many are projected to be in motion during the peak hour of operation and
over a 24-hour period. As previously noted, it is anticipated that 32 locomotives will be
in the project area over a 24-hour period, with 16 locomotives in the project area during
the peak hour. It was further determined that, while in the project area, each train will
spend 540 seconds idling and 76 seconds moving.
For the purpose of this example, it has been assumed that each locomotive idles for the
same amount of time and is in motion for the same amount of time. Note that, in this
case, the number of locomotives considered “moving” will be double the actual number
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of locomotives present in order to account for the fact that each locomotive moves twice
through the project area (as it arrives and departs the terminal).
Next, the project sponsor would determine the PM2.5 emission factor to be used in this
analysis for 2015. These emission factors can be determined from the EPA guidance
titled “Emission Factors for Locomotives.”
Table 1 of “Emission Factors for Locomotives” presents PM10 emission factors in terms
of grams/brake horsepower-hour (g/bhp-hr) for line haul locomotives that are typically
used by commuter railroads. Emission factors are presented for uncontrolled
locomotives, locomotives manufactured to meet Tier 0 through Tier 4 emission
standards, and locomotives remanufactured to meet more stringent emission standards.
It’s important to determine the composition of the fleet of locomotives that will use the
terminal in the year that is being analyzed so that the emission factors in Table 1 can be
used in the calculations. This information would be available from the railway operator.
In this example, we are assuming that all of the locomotives meet the Tier 2 emission
standard. However, an actual PM hot-spot analysis would likely have a fleet of
locomotives that meets a combination of these emission standards. The calculations
shown below would have to be repeated for each different standard that applies to the
locomotives in the fleet.
The final step in these calculations is to use the information shown in Exhibit I-1 and the
other project data collected to calculate the PM2.5 emission rates for idling and moving
locomotives during both the peak hour and over a 24-hour basis.13
Calculating Peak Hour Idling Emissions
The following calculation would be used to determine the idling emission rate during the
peak hour of operation:14
PM2.5 Emission Rate = (16 trains/hr) * (1 hr/3,600 s) * (540 s/train) * (4,000 hp) *
(0.004) * (0.18 g/bhp-hr) * (1 hr/3,600 s) * (0.97)
PM2.5 Emission Rate = 0.0019 g/s
Where:
 Trains per hour = 16 (number of trains present in peak hour)
 Idle time per train = 540 s (from anticipated schedule)
 Locomotive horsepower = 4,000 hp (from engine specifications)
 Idle load factor = 0.004 (0.4%, calculated in Exhibit I-1)

13

Peak hour emission rates will not be necessary for all analyses; however, for certain projects that involve
very detailed air quality modeling analyses, peak hour emission rates may be necessary to more accurately
reflect the contribution of locomotive emissions to air quality concentrations in the project area.
14
Note that, for the calculations shown here, any units expressed in hours or days need to be converted to
seconds since a g/s emission rate is required for AERMOD.
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Tier 2 Locomotive Emission Factor = 0.18 g/bhp-hr (from “Emission
Factors for Locomotives”)
Ratio of PM2.5 to PM10 = 0.97 (from “Emission Factors for Locomotives”)

Calculating 24-hour Moving Emissions
Similarly, the following equation would be used to calculate the moving emission rate for
the 24-hour period:
PM2.5 Emission Rate = (64 trains/day) * (76 s/train) * (1 day/86,400 s) * (4,000 hp) *
(0.438) * (0.18 g/bhp-hr) * (1hr/3,600 s) * (0.97)
PM2.5 Emission Rate = 0.0048 g/s
Where:
 Trains per day = 64 (double the actual number of trains present over 24
hours to account for each train moving twice through the project area)
 Moving time per train = 76 s (from anticipated schedule)
 Locomotive horsepower = 4,000 hp (from engine specifications)
 Moving load factor = 0.438 (43.8%, calculated in Exhibit I-1)
 Tier 2 Locomotive Emission Factor = 0.18 g/bhp-hr (from “Emission
Factors for Locomotives”)
 Ratio of PM2.5 to PM10 = 0.97 (from “Emission Factors for Locomotives”)
A summary of the variables used in the above equations and the resulting emission rates
can be found in Exhibit I-2, below.
Exhibit I-2. PM2.5 Locomotive Emission Rates

Operational
Mode

Idle
Moving

Number of
Locomotives

Peak
hour
16
32

24
hours
32
64

Time/
Train

PM2.5
Emission
Factor

Calculated
Peak Hour
Emission Rate

Calculated
24-hour
Emission
Rate

(s)

(g/bhp-hr)

(g/s)

(g/s)

540 0.18
76 0.18

0.0019
0.057

0.00016
0.0048

These peak and 24-hour emission rates can now be used in air quality modeling for the
project area, as described in Sections 7 through 9 of the guidance.
Note that, since this area is designated as nonattainment for both the 1997 annual PM2.5
NAAQS and the 2006 24-hour PM2.5 NAAQS, the results of the analysis will be
compared to both NAAQS (see Section 3.3.4 of the guidance). Since the area is in
nonattainment of the annual PM2.5 NAAQS, all four quarters will need to be included in
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the analysis to estimate a year’s worth of emissions. If there is no change in locomotive
activity across quarters, the emission rates calculated here could be used for each quarter
of the year (see Appendix I.3).
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Appendix J:
Additional Reference Information on Air Quality Models and
Data Inputs
J.1

INTRODUCTION

This appendix supplements Section 7’s discussion of air quality models. Specifically,
this appendix describes how to configure AERMOD and CAL3QHCR for PM hot-spot
analysis modeling, as well as additional information on handling the data required to run
the models for these analyses. This appendix is not intended to replace the user guides
for air quality models, but discuss specific model inputs, keywords, and formats for PM
hot-spot modeling. This appendix is organized so that it references the appropriate
discussions in Section 7 of the guidance.

J.2

SELECTING AN APPROPRIATE AIR QUALITY MODEL

The following discussion supplements Section 7.3 of the guidance and describes how to
appropriately configure AERMOD and CAL3QHCR when completing a PM hot-spot
analysis. Users should also refer to the model user guides, as appropriate.
J.2.1

Using AERMOD for PM hot-spot analyses

There are no specific commands unique to transportation projects that are necessary when
using AERMOD. By default, AERMOD produces output for particulate matter in units
of micrograms per cubic meter of air (g/m3). All source types in AERMOD require that
emissions are specified in terms of emissions per unit time, although AREA-type sources
also require specification of emissions per unit time per unit area. AERMOD has no
specific traffic queuing mechanisms. Emissions output from MOVES, EMFAC, AP-42,
and other types of methods should be formatted as described in the AERMOD User
Guide.1
J.2.2

Using CAL3QHCR for PM hot-spot analyses

CAL3QHCR is an extension of the CAL3QHC model that allows the processing of a full
year of hourly meteorological data, the varying of traffic-related inputs by hour of the
week, and calculation of long-term average concentrations. It also will display the five
highest concentration days for the time period being modeled. Emissions output from
MOVES, EMFAC, AP-42, and other emission methods should be formatted as described

1

Extensive documentation is available describing the various components of AERMOD, including user
guides, model formulation, and evaluation papers. See EPA’s SCRAM website for AERMOD
documentation: www.epa.gov/scram001/dispersion_prefrec.htm#aermod.
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in the CAL3QHCR User Guide.2 In addition, the following guidance is provided when
using CAL3QHCR for a PM hot-spot analysis:
Specifying the Right Pollutant
When using CAL3QHCR for PM hot-spot analyses, the MODE keyword must be used to
specify analyses for PM so that concentrations are described in micrograms per cubic
meter of air (g/m3) rather than parts per million (ppm).
Entering Emission Rates
MOVES emission rates for individual roadway links are based on the Op-Mode
distribution associated with each link and are able to include emissions resulting from
idling. MOVES-based emission factors that incorporate relevant idling time and other
delays should be entered in CAL3QHCR using the EFL keyword. Therefore, within
CAL3QHCR, the IDLFAC keyword’s emission rates should be set to zero, because the
effects of idling are already included within running emissions. (Note that if a non-zero
emission rate is used in CAL3QHCR, the model will treat idling emission rates separately
from running emission rates.) The same recommendation applies when using emission
rates calculated by EMFAC.
Assigning Speeds
Although the user guide for CAL3QHCR specifies that the non-queuing links should be
assigned speeds in the absence of delay caused by traffic signals, the user should use
speeds that reflect delay when using CAL3QHCR for a hot-spot analysis. Since MOVES
emission factors already include the effects of delay (i.e., Op-Mode distributions that are
user-specified or internally calculated include the effects of delay), the speeds used in
CAL3QHCR links will already reflect the relevant delay on the link over the appropriate
averaging time. The same recommendation applies when using EMFAC.
Using the Queuing Algorithm
When applying CAL3QHCR for the analysis of highway and intersection projects, its
queuing algorithm should not be used.3 This includes the CAL3QHCR keywords
NLANE, CAVG, RAVG, YFAC, IV, and IDLFAC. As discussed in Sections 4 and 5,
idling vehicle emissions should instead be accounted for by properly specifying links for
emission analysis and reflecting idling activity in the activity patterns used for MOVES
or EMFAC modeling.

2

The CAL3QHCR user guide and other model documentation can be found on EPA’s SCRAM website:
www.epa.gov/scram001/dispersion_prefrec.htm#cal3qhc.
3
CAL3QHCR’s algorithm for estimating the length of vehicle queues associated with intersections is based
on the 1985 Highway Capacity Manual, which is no longer current. Furthermore, a number of other
techniques are now available that can be used to estimate vehicle queuing around intersections.
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J.3

CHARACTERIZING EMISSION SOURCES

The following discussion supplements Section 7.4 of the guidance and describes in more
detail how to characterize sources in CAL3QHCR and AERMOD, including the physical
characteristics, location, and timing of sources. This discussion assumes the user is
familiar with handling data in these models, including the use of specific keywords. For
additional information, refer to the CAL3QHCR and AERMOD user guides.
J.3.1

Physical characteristics and locations of sources in CAL3QHCR

CAL3QHCR characterizes highway and intersection projects as line sources. The
geometry and operational patterns of each roadway link are described using the following
variables, which in general may be obtained from engineering diagrams and design plans
of the project:4
 The coordinates (X, Y) of the endpoints of each link;5
 The width of the “highway mixing zone” (see below);
 The type of link (“at grade,” “fill,” “bridge,” or “depressed”);
 The height of the roadway relative to the surrounding ground (not to exceed ±10
meters);6 and
 The hourly flow of traffic (vehicles per hour).
CAL3QHCR treats the area over each roadway link as a “mixing zone” that accounts for
the area of turbulent air around the roadway resulting from vehicle-induced turbulence.
The width of the mixing zone is an input to the model. Users should specify the width of
a link in CAL3QHCR as the width of the traveled way (traffic lanes, not including
shoulders) plus three meters on either side. Users should treat divided highways as two
separate links. See Section 7.6 of the guidance for more information on placing
receptors.
J.3.2

Timing of emissions in CAL3QHCR

The CAL3QHCR User Guide describes two methods for accepting time-varying
emissions and traffic data; these are labeled the “Tier I” and “Tier II” approaches.7
4

Traffic engineering plans and diagrams may include information such as the number, width, and
configuration of lanes, turning channels, intersection dimensions, and ramp curvature, as well as
operational estimates such as locations of weave and merge sections and other descriptions of roadway
geometry that may be useful for specifying sources.
5
In CAL3QHCR, the Y-axis is aligned due north.
6
The CALINE3 dispersion algorithm in CAL3QHCR is sensitive to the height of the road. In particular,
the model treats bridges and above-grade “fill” roadways differently. It also handles below-grade roadways
with height of less than zero (0) meters as “cut” sections. Information on the topological features of the
project site is needed to make such a determination. Note that in the unusual circumstance that a roadway
is more than ten meters below grade, CALINE3 has not been evaluated, so CAL3QHCR is not
recommended for application. In this case, the relevant EPA Regional Office should be consulted for
determination of the most appropriate model.
7
This nomenclature is unrelated to EPA’s motor vehicle emission standards and the design value
calculation options described in Section 9 of this guidance.
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Project-level PM hot-spot modeling should use the Tier II method, which can
accommodate different hourly emission patterns for each day of the week. Most
emissions data will not be so detailed, but the Tier II approach can accommodate
emissions data similar to that described in Sections 4 and 5 of the guidance. The
CAL3QHCR Tier I approach should not be used, as it employs only one hour of
emissions and traffic data and therefore cannot accommodate the emissions data required
in a PM hot-spot analysis.
Through the IPATRY keyword, CAL3QHCR allows up to seven 24-hour profiles
representing hour-specific emission, traffic, and signalization (ETS) data for each day of
the week. Depending on the number of MOVES runs, the emission factors should be
mapped to the appropriate hours of the day. For example, peak traffic emissions data for
each day would be mapped to the CAL3QHCR entry hours corresponding to the relevant
times of day (in this case, the morning and afternoon peak traffic periods). If there are
more MOVES runs than the minimum specified in the Section 4, they should be modeled
and linked to the correct days and hours using IPATRY.
As described in Section 7 of the guidance, the number of CAL3QHCR runs required for a
given PM hot-spot analysis will vary based on the amount of meteorological data
available.
J.3.3

Physical characteristics and locations of sources in AERMOD

The following discussion gives guidance on how to best characterize a source.
AERMOD includes different commands (keywords) for volume, area, and point sources.
Modeling Volume Sources
Many different sources in a project undergoing a PM hot-spot analysis might be modeled
as volume sources. Examples include areas designated for truck or bus queuing or idling
(e.g., off-network links in MOVES), driveways and pass-throughs in transit or freight
terminals, and locomotive emissions.8 AERMOD can also approximate a highway “line
source” using a series of adjacent volume sources (see the AERMOD User Guide for
suggestions). Certain nearby sources that have been selected to be modeled may also be
appropriately treated as a volume source (see Section 8 of the guidance for more
information on considering background concentrations from other sources).
Volume source parameters are entered using the source parameter (SRCPARAM)
keyword in the AERMOD input file. This requires the user to provide the following
information:
 The emission rate (mass per unit time, such as g/s);
 The initial lateral dispersion coefficient determined from the initial lateral
dimension (width) of the volume;

8

See Section 6 and Appendix I for information regarding calculating locomotive emissions.
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The initial vertical dispersion coefficient determined from the initial vertical
dimension (height) of the volume; and
The source release height of the volume source center, (i.e., meters above the
ground).

Within AERMOD, the volume source algorithms are applicable to line sources with some
initial plume depth (e.g., highways, rail lines).9 There are three inputs needed to
characterize the initial size of a roadway plume:
1. Initial lateral dispersion coefficient (σyo, Syinit). First, estimate the initial lateral
dimension (or width) of the volume source. One of the following options can be
used:
a) The average vehicle width plus 6 meters, when modeling a single lane of
traffic;
b) The road width multiplied by 2; or
c) A set width, such as 10 meters per lane of traffic.
To specify the initial lateral dispersion coefficient (σyo), referred to as Syinit in
AERMOD, the AERMOD User Guide recommends dividing the initial width by 2.15.
This is to ensure that the overlapping distributions from adjacent volume sources
simulate a line source of emissions.
2. Initial vertical dispersion coefficient (σzo, Szinit). First, estimate the initial vertical
dimension (height) of the plume for volume sources. A typical approach is to assume
it is about 1.7 times the average vehicle height, to account for the effects of vehicleinduced turbulence. For light-duty vehicles, this is about 2.6 meters, using an average
vehicle height of 1.53 meters or 5 feet. For heavy-duty vehicles, this is about 6.8
meters, using an average vehicle height of 4.0 meters. Since most road links will
consist of a combination of light-duty and heavy-duty traffic, the initial vertical
dimension should be a combination of their respective values. There are two options
available to estimate initial vertical dimension:
a) Estimate the initial vertical dimension using an emissions-weighted average.
For example, if light-duty and heavy-duty vehicles contribute 40% and 60%
of the emissions of a given volume source, respectively, the initial vertical
dimension would be (0.4 * 2.6) + (0.6 * 6.8) = 5.1 meters.
b) Alternatively, the initial vertical dimension may be estimated using a traffic
volume weighted approach based on light-duty and heavy-duty vehicle
fractions.
The AERMOD User Guide recommends that the initial vertical dispersion coefficient
(σzo), termed Szinit in AERMOD, be estimated for a surface-based volume source by
dividing the initial vertical dimension by 2.15. For typical light-duty vehicles, this
9

The vehicle-induced turbulence around roadways with moving traffic suggests that prior to transport
downwind, a roadway plume has an initial size; that is, the emissions from the tailpipe are stirred because
the vehicle is moving and therefore the plume “begins” from a three-dimensional volume, rather than from
a point source (the tailpipe).
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corresponds to a Szinit (σzo) of 1.2 meters. For typical heavy-duty vehicles, the initial
value of Szinit (σzo) is 3.2 meters.
3. Source release height. The source release height (Relhgt in AERMOD), which is
the height at which wind effectively begins to affect the plume, may be estimated
from the midpoint of the initial vertical dimension. For moving light-duty vehicles,
this is about 1.3 meters. For moving heavy-duty vehicles, it is 3.4 meters. Since
most road links will consist of a combination of light-duty and heavy-duty traffic, the
source release height should be a combination of their respective values. There are
two options available to estimate source release height:
a) Estimate using an emissions-weighted average. For a 40% light-duty and
60% heavy-duty emissions share, the source release height would be (0.4 *
1.3) + (0.6 * 3.4) = 2.6 meters.
b) Alternatively, the source release height may be estimated using a traffic
volume weighted approach based on light-duty and heavy-duty VMT.
Another way of dealing with Syinit, Szinit, and/or Relhgt parameters that change as a
result of different fractions of light-duty and heavy-duty vehicles is to create two
overlapping versions of each roadway source, corresponding to either light-duty and
heavy-duty traffic. These two sources could be superimposed in space, but have
emission rates and Syinit, Szinit, and Relhgt parameters that are specific to light-duty or
heavy-duty traffic.
Also, AERMOD (version dated 09292) allows Syinit, Szinit, and Relhgt to change by
hour of the day, which may be considered if the fraction of heavy-duty vehicles is
expected to significantly change throughout a day. Users should consult the latest
information on AERMOD when starting a PM hot-spot analysis.
Groups of idling vehicles may also be modeled as one or more volume sources. In those
cases, the initial dimensions of the source, dispersion coefficients, and release heights
should be calculated assuming that the vehicles themselves are inducing no turbulence.
When using adjacent volume sources to represent emissions from a source such as a
roadway, a sufficient number of volume sources should be employed to represent a
consistent density of emissions for a single link in a MOVES or EMFAC analysis. In
addition, when the source-receptor spacing in AERMOD is shorter than the distance
between adjacent volume sources, AERMOD may produce aberrant results. In the
present version of the model, receptors within a volume source in AERMOD are assigned
concentrations of zero. When volume sources are used and publicly-accessible locations
are closer to a source than the distance between adjacent volume sources, it is
recommended that smaller volume sources be used with shorter spacing between them.
For example, for such a segment along a highway segment, individual lanes might be
modeled discretely, rather than using a single volume source for all lanes. This will
reduce the spacing between volume sources and increase the quality of results closest to a
source. Receptors near area and point sources are not affected by this concern.
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Consult the AERMOD User Guide and AERMOD Implementation Guide for details in
applying AERMOD to roadway sources.
Modeling Area Sources
AERMOD can represent rectangular, polygon-shaped, and circular area sources using the
AREA, AREAPOLY, or AREACIRC keywords. Sources that may be modeled as area
sources may include areas within which emissions occur relatively evenly, such as a
single link modeled using MOVES or EMFAC.10 Evenly-distributed ground-level
sources might also be modeled as area sources.
AERMOD requires the following information when modeling an area source:
 The emission rate per unit area (mass per unit area per unit time);
 The release height above the ground;
 The length of the north-south side of the area;
 The length of the east-west side of the area (if the area is not a square);
 The orientation of the rectangular area in degrees relative to north; and
 The initial height (vertical dimension) of the area source plume.
In using a series of area sources to represent emissions of a roadway, the release height
and initial vertical dimension of the plume should be calculated as described above for
volume sources.
Modeling Point Sources
It may be appropriate to model some emission sources as fixed point sources, such as
exhaust fans or stacks on a bus garage or terminal building. If a source is modeled with
the POINT keyword in AERMOD, the model requires:
 The emission rate (mass per unit time);
 The release height above the ground;
 The exhaust gas exit temperature;
 The stack gas exit velocity; and,
 The stack inside diameter in meters.
These parameters can often be estimated using the plans and engineering diagrams for
ventilation systems.
For projects with emissions on or near rooftops, such as bus terminals or garages,
building downwash should also be modeled for the relevant sources. The potential for
building downwash should also be addressed for nearby sources whose emissions are on
or near rooftops in the project area. Building downwash occurs when air moving over a
10

At present, the area sources in AERMOD do not include AERMOD’s “plume meander approach.”
Consult the latest version of the AERMOD Implementation Guide for the most current information on
when volume sources or area sources are most appropriate.
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building mixes to the ground on the “downwind” side of the building. AERMOD
includes algorithms to model the effects of building downwash on plumes from nearby or
adjacent point sources. Consult the AERMOD User Guide for additional detail on how
to enter building information.
J.3.4

Placement and sizing of sources within AERMOD

There are several general considerations with regard to placing and sizing sources within
AERMOD.
First, volume, area, and point sources should be placed in the locations where emissions
are most likely to occur. For example: if buses enter and exit a bus terminal from a single
driveway, the driveway should be modeled using one or more discrete volume or area
sources in the location of that driveway, rather than spreading the emissions from that
driveway across the entire terminal yard.
Second, for emissions from the sides or tops of buildings (as may be found from a bus
garage exhaust fan), it may be necessary to use the BPIPPRIME utility in AERMOD to
appropriately capture the characteristics of these emissions (such as downwash).
Third, the initial dimensions and other parameters of each source should be as realistic as
is feasible. Chapter 3 of the AERMOD User Guide includes recommendations for how
to appropriately characterize the shape of area and volume sources.
Finally, if nearby sources are to be included in air quality modeling (see discussion in
Section 8 of the guidance), a combination of all these source types may be needed to
appropriately represent their emissions within AERMOD. For instance, evenlydistributed ground-level sources might also be modeled as area sources, while a nearby
power plant stack might be modeled as a point source.
J.3.5

Timing of emissions in AERMOD

Within AERMOD, emissions that vary across a year should be described with the
EMISFACT keyword (see Section 3.3.5 of the AERMOD User Guide). The number of
quarters that need to be analyzed may vary based on a particular PM hot-spot analysis.
See Section 2.5 of the guidance for more information on when PM emissions need to be
evaluated, and Sections 4 and 5 of the guidance on determining the number of MOVES
and EMFAC runs.
The Qflag parameter under EMISFACT may be used with a secondary keyword to
describe different patterns of emission variations throughout a year. Note that AERMOD
defines seasons in the following manner: winter (December, January, February), spring
(March, April, May), summer (June, July, August), and fall (September, October,
November). Emission data obtained from MOVES or EMFAC should be appropriately
matched with the relevant time periods in AERMOD. For example, if four MOVES or
EMFAC runs are completed (one for each quarter of a year), there are emission estimates
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corresponding to four months of the year (January, April, July, October) and peak and
average periods within each day. In such a circumstance, January runs should be used to
represent all AERMOD winter months (December, January, February), April runs for all
spring months (March, April, May), July runs for all summer months (June, July,
August), and October for all fall months (September, October, November).
If separate weekend emission rates are available, season-specific weekday runs should be
used for the Monday-Friday entries; weekend runs would be assigned to the Saturday and
Sunday entries. The peak/average runs for each day should be mapped to the AERMOD
entry hours corresponding to the relevant time of day from the traffic analysis. Qflag can
be used to represent emission rates that vary by season, hour of day, and day of the week.
Consult the AERMOD User Guide for details.

J.4

INCORPORATING METEOROLOGICAL DATA

This discussion supplements Section 7.5 of the guidance and describes in more detail
how to handle meteorological data in AERMOD and CAL3QHCR. Section 7.2.3 of
Appendix W to 40 CFR Part 51 provides the basis for determining the urban/rural status
of a source. Consult the AERMOD Implementation Guide for instructions on what type
of population data should be used in making urban/rural determinations.
J.4.1

Specifying urban or rural sources in AERMOD

As described in Section 7 of the guidance, AERMOD employs nearby population as a
surrogate for the magnitude of differential urban-rural heating (i.e., the urban heat island
effect). When modeling urban sources in AERMOD, users should use the URBANOPT
keyword to enter this data.
When considering urban roughness lengths, users should consult the AERMOD
Implementation Guide. Any application of AERMOD that utilizes a value other than 1
meter for the urban roughness length should be considered a non-regulatory application
and would require appropriate documentation and justification as an alternate model (see
Section 7.3.3 of the guidance).
For urban applications using representative National Weather Service (NWS)
meteorological data, consult the AERMOD Implementation Guide. For urban
applications using NWS data, the URBANOPT keyword should be selected, regardless of
whether the NWS site is located in a nearby rural or urban setting. When using sitespecific meteorological data in urban applications, consult the AERMOD Implementation
Guide.
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J.4.2

Specifying urban or rural sources in CAL3QHCR

CAL3QHCR requires that users specify the run as being rural or urban using the “RU”
keyword.11 Users should make the appropriate entry depending if the source is
considered urban or rural as described in Section 7.5.5 of the guidance.

J.5

MODELING COMPLEX TERRAIN

This discussion supplements Section 7.5 of the guidance and describes in more detail
how to address complex terrain in AERMOD and CAL3QHCR. In most situations, the
project area should be modeled as having flat terrain. Additional detail on how this
should be accomplished in each model is found below. However, in some situations a
project area may include complex terrain, such that sources and receptors included in the
model are found at different heights.
J.5.1

AERMOD

This guidance reflects the AERMOD Implementation Guide as of March 19, 2009.
Analysts should consult the most recent AERMOD Implementation Guide for the latest
guidance on modeling complex terrain.
For most highway and transit projects, the analyst should apply the non-DFAULT option
in AERMOD and assume flat, level terrain. In the AERMOD input file, the FLAT option
should be used in the MODELOPT keyword. This recommendation is made to avoid
underestimating concentrations in two circumstances likely to occur with the lowelevation, non-buoyant emissions from transportation projects. First, in DFAULT mode,
AERMOD will tend to underestimate concentrations from low-level, non-buoyant
sources where there is up-sloping terrain with downwind receptors uphill since the
DFAULT downwind horizontal plume will pass below the actual receptor elevation.
Second, in DFAULT mode, AERMOD will tend to underestimate concentrations when a
plume is terrain-following. Therefore, the FLAT option should be selected in most cases.
There may be some cases where significant concentrations result from nearby elevated
sources. In these cases, interagency consultation should be used on a case-by-case basis
to determine whether to include terrain effects and use the DFAULT option. In those
cases, AERMAP should be used to prepare input files for AERMOD; consult the
AERMOD and AERMAP user guides and the latest AERMOD Implementation Guide
for information on obtaining and processing relevant terrain data.

11

Specifying urban modeling with the “RU” keyword converts stability classes E and F to D.
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J.5.2 CAL3QHCR
CAL3QHCR does not handle complex terrain. No action is therefore required.

J.6

RUNNING THE MODEL AND OBTAINING RESULTS

This discussion supplements Section 7.7 of the guidance and describes in more detail
how to handle data outputs in AERMOD and CAL3QHCR. AERMOD and CAL3QHCR
produce different output file formats, which must be post-processed in different ways to
enable calculation of design values as described in Section 9.3 of the guidance. This
guidance is applicable regardless of how many quarters are being modeled.
J.6.1

AERMOD output

AERMOD requires that users specify the type and format of output files in the main input
file for each run. See Section 3.7 of the AERMOD User Guide for details on the various
output options. Output options should be specified to enable the relevant design value
calculations required in Section 9.3. Note that many users will have multiple years of
meteorological data, so multiple output files may be required (unless the meteorological
files have been joined prior to running AERMOD).
For the annual PM2.5 design value calculations described in Section 9.3.2, averaging
times should be specified that allow calculation of the annual average concentrations at
each receptor. For example, when using five years of meteorological data, the PERIOD
averaging time could be specified using the CO AVERTIME keyword.
For the 24-hour PM2.5 design value calculations described in Section 9.3.3, the
DAYTABLE option provides output files with 24-hour concentrations at each receptor
for each day processed. Users should flag the quarter and year for each day listed in the
DAYTABLE that AERMOD generates. Note users should also specify a 24-hour
averaging time with the CO AVERTIME command as well.
Another option for calculating 24-hour PM2.5 design values is with a POSTFILE, a file of
results at each receptor for each day processed. By specifying a POSTFILE with a 24
hour averaging time, a user can generate a file of daily concentrations for each day of
meteorological data. When using this option, users should specify a POSTFILE with a
24-hour averaging time to generate the outputs needed to calculate design values and flag
the quarter and year for each day listed in the POSTFILE that AERMOD generates. Note
that POSTFILE output files can be very large.
For the 24-hour PM10 calculations described in Section 9.3.4, the RECTABLE keyword
may be used to obtain the six highest 24-hour concentrations over the entire modeling
period. A RECTABLE is a file summarizing the highest concentrations at each receptor
over an averaging period (e.g., 24 hours) across a modeling period (e.g., 5 years).
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EPA is actively working towards a post-processing tool for AERMOD that will provide
the appropriate modeling metrics that may then be combined with background
concentrations for comparisons to the PM NAAQS. EPA will announce these new
options as they become available on EPA’s SCRAM website at:
www.epa.gov/scram001/.
J.6.2

CAL3QHCR output

For each year of meteorological data and quarterly emission inputs, CAL3QHCR reports
the five highest 24-hour concentrations and the quarterly average concentrations in its
output file.
For calculating annual PM2.5 design values using CAL3QHCR output, some post
processing is required. CAL3QHCR’s output file refers to certain data under the display:
“THE HIGHEST ANNUAL AVERAGE CONCENTRATIONS.” If four quarters of
emission data are separately run in CAL3QHCR, each quarter’s outputs listed under
“THE HIGHEST ANNUAL AVERAGE CONCENTRATIONS” are actually quarterlyaverage concentrations. As described in Section 7, per year of meteorological data,
CAL3QHCR should be run for as many quarters as analyzed using MOVES and
EMFAC, as CAL3QHCR accepts only a single quarter’s emission factors per input file.
Calculating 24-hour PM2.5 design values under a first or second tier analysis is described
in Section 9.3.3. To get annual average modeled concentrations for a first tier analysis
(Step 1), the highest 24-hour concentrations in each quarter and year of meteorological
data should be identified. Within each year of meteorological data, the highest 24-hour
concentration at each receptor should be identified. For a first tier analysis, at each
receptor, the highest concentrations from each year of meteorological data should be
averaged together. Under a second tier analysis, at each receptor, the highest modeled
concentration in each quarter, from each year of meteorological data, should be averaged
together. These average highest 24-hour concentrations in each quarter, across multiple
years of meteorological data, are used in second tier PM2.5 design value calculations.
In calculating 24-hour PM10 design values, it is necessary to estimate the sixth-highest
concentration in each year if using five years of meteorological data. For each period of
meteorological data, CAL3QHCR outputs the five highest 24-hour concentrations. To
estimate the sixth-highest concentration at a receptor, the five highest 24-hour
concentrations from each quarter and year of meteorological data should be arrayed
together and ranked. From all quarters and years of meteorological data, the sixthhighest concentration should be identified. This concentration, at each receptor, is used
in calculations of the PM10 design value described in Section 9.3.4.
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Appendix K:
Examples of Design Value Calculations for PM Hot-spot
Analyses
K.1

INTRODUCTION

This appendix supplements Section 9’s discussion of calculating and applying design
values for PM hot-spot analyses. While this guidance can apply to any PM NAAQS, this
appendix provides examples of how to calculate design values for the PM NAAQS in
effect at the time the guidance was issued (the 1997 annual PM2.5 NAAQS, the 2006 and
1997 24-hour PM2.5 NAAQS, and the 1987 24-hour PM10 NAAQS). The design values
in this appendix are calculated using the steps described in Section 9.3. Readers should
reference the appropriate sections of the guidance as needed for more detail on how to
complete each step of these analyses.
These illustrative example calculations demonstrate the basic procedures described in the
guidance and therefore are simplified in the number of receptors considered and other
details that would occur in an actual PM hot-spot analysis. Where users would have to
repeat steps for additional receptors, it is noted. These examples are organized according
to the build/no-build analysis steps that are described in Sections 2 and 9 of this guidance.
The final part of this appendix provides mathematical formulas that describe the design
value calculations discussed in Section 9 and this appendix.

K.2

PROJECT DESCRIPTION AND CONTEXT FOR ALL EXAMPLES

For the following examples, a PM hot-spot analysis is being done for an expansion of an
existing highway with a significant increase in the number of diesel vehicles (40 CFR
93.123(b)(1)(i)). The highway expansion will serve an expanded freight terminal. The
traffic at the terminal will increase as a result of the expanded highway project’s increase
in truck traffic, and therefore the freight terminal is projected to have higher emissions
under the build scenario than under the no-build scenario. The freight terminal is not part
of the project; however, it is a nearby source that will be included in the air quality
modeling, as described further below.
The air quality monitor selected to represent background concentrations from other
sources is a Federal Equivalent Method (FEM) monitor that is 300 meters upwind of the
project. The monitor is on a 1-in-3 day sampling schedule. In this example, the three
most recent years of monitoring data are from 2008, 2009, and 2010. Since 2008 is a
leap year (366 days), for this example, there are 122 monitored values in that year and
121 values for both 2009 and 2010 (365 days each).1
1

Note that the number of air quality monitoring measurements may vary by year. For example, with 1-in
3 measurements, there could be 122 or 121 measurements in a year with 365 days. Or, there may be fewer
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However, through interagency consultation, it is determined that the freight terminal’s
emissions are not already captured by this air quality monitor. AERMOD has been
selected as the air quality model to estimate PM concentrations produced by the project
(the highway expansion) and the nearby source (the freight terminal).2 There are five
years of representative off-site meteorological data being used in this analysis.
As discussed in Section 2.4, a project sponsor could consider mitigation and control
measures at any point in the process. However, since the purpose of these examples is to
show the design value calculations, in this appendix such measures are not considered
until after the calculations are done.

K.3

EXAMPLE:

K.3.1

General

ANNUAL PM2.5 NAAQS

This example illustrates the approach to calculating design values for comparison to the
annual PM2.5 NAAQS, as described in Section 9.3.2. The annual PM2.5 design value is
the average of three consecutive years’ annual averages. The design value for
comparison is rounded to the nearest tenth of a μg/m3 (nearest 0.1 μg/m3). For example,
15.049 rounds to 15.0, and 15.050 rounds to 15.1.3
Each year’s annual average concentrations include contributions from the project, any
nearby sources modeled, and background concentrations. For air quality monitoring
purposes, the annual PM2.5 NAAQS is met when the three-year average concentration is
less than or equal to the current annual PM2.5 NAAQS (i.e., 15.0 μg/m3):
Annual PM2.5 design value = ([Y1] average + [Y2] average + [Y3] average) ÷ 3
Where:
[Y1] = Average annual PM2.5 concentration for the first year of air quality
monitoring data
[Y2] = Average annual PM2.5 concentration for the second year of air quality
monitoring data
[Y3] = Average annual PM2.5 concentration for the third year of air quality
monitoring data

actual monitored values if sampling was not conducted on some scheduled days or the measured value was
invalidated due to quality assurance concerns. The actual number of samples with valid data should be
used.
2
EPA notes that CAL3QHCR could not be used in this particular PM hot-spot analysis, since air quality
modeling included the project and a nearby source. See Section 7.3 of the guidance for further information.
3
A sufficient number of decimal places (3-4) should be retained during intermediate calculations for design
values, so that there is no possibility of intermediate rounding or truncation affecting the final result.
Rounding to the tenths place should only occur during final design value calculations, pursuant to
Appendix N to 40 CFR Part 50.
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For this example, the project described in Appendix K.2 is located in an annual PM2.5
NAAQS nonattainment area. This example illustrates how an annual PM2.5 design value
could be calculated at the same receptor in the build and no-build scenarios, based on air
quality modeling results and air quality monitoring data. In an actual PM hot-spot
analysis, design values would be calculated at additional receptors, as described further in
Section 9.3.2.
K.3.2 Build scenario
For the build scenario, the PM2.5 impacts from the project and from the nearby source are
estimated with AERMOD at all receptors.4
Steps 1-2. Because AERMOD is used for this project, Step 1 is skipped. The receptor
with the highest average annual concentration, using five years of meteorological data, is
identified directly from the AERMOD output. This receptor’s average annual
concentration is 3.603 μg/m3.
Step 3. Based on the three years of measurements at the background air quality monitor,
the average monitored background concentrations in each quarter is determined. Then,
for each year of background data, the four quarters are averaged to get an average annual
background concentration (last column of Exhibit K-1). These three average annual
background concentrations are averaged, and the resulting value is 11.582 μg/m3, as
shown in Exhibit K-1:
Exhibit K-1. Background Concentrations
Background
Concentrations
2008
2009
2010
3-year average:

Q1

Q2

Q3

Q4

13.013
14.214
11.890

17.037
14.872
16.752

8.795
7.912
9.421

8.145
7.639
9.287

Average
Annual
11.748
11.159
11.838
11.582

Step 4. The 3-year average annual background concentration (from Step 3) is added to
the average annual modeled concentration from the project and nearby source (from Step
2):
11.582 + 3.603 = 15.185
Step 5. Rounding to the nearest 0.1 g/m3 produces a design value of 15.2 g/m3.

4

As noted above, there is a single nearby source that is projected to have higher emissions under the build
scenario than the no-build scenario as a result of the project and its impacts are not expected to be captured
by the monitor chosen to provide background concentrations. Therefore, emissions from the project and
this nearby source are both included in the AERMOD output.
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In this example, the concentration at the highest receptor is estimated to exceed the
current annual PM2.5 NAAQS of 15.0 g/m3.
Steps 6-8: Since the design value in Step 5 is greater than the NAAQS, design value
calculations are then completed for all receptors in the build scenario, and receptors with
design values above the NAAQS are identified. After this is done, the no-build scenario
is modeled for comparison.
K.3.3

No-build scenario

The no-build scenario (i.e., the existing highway and freight terminal without the
proposed highway and freight terminal expansion), is modeled at all of the receptors in
the build scenario, but design values are only calculated in the no-build scenario at
receptors where the design value for the build scenario is above the annual PM2.5 NAAQS
(from Steps 6-8 above).
Step 9. For this example, the receptor with the highest average annual concentration in
the build scenario is used to illustrate the no-build scenario design value calculation. The
average annual concentration modeled at this receptor in the no-build scenario is 3.521
g/m3.
Step 10. The background concentrations from the representative monitor are unchanged
from the build scenario, so the average annual modeled concentration of 3.521 is added to
the 3-year average annual background concentrations of 11.528 g/m3 from Step 3:
11.582 + 3.521 = 15.103
Step 11. Rounding to the nearest 0.1 g/m3 produces a design value of 15.1 g/m3.
In this example, the design value at the receptor in the build scenario (15.2 μg/m3) is
greater than the design value at the same receptor in the no-build scenario (15.1 μg/m3).5
In an actual PM hot-spot analysis, design values would also be compared between build
and no-build scenarios at all receptors in the build scenario that exceeded the annual
PM2.5 NAAQS. The interagency consultation process would then be used to discuss next
steps, e.g., appropriateness of receptors. Refer to Sections 9.2 and 9.4 for additional
details.
If it is determined that conformity requirements are not met at all appropriate receptors,
the project sponsor should then consider additional mitigation or control measures, as
discussed in Section 10. After measures are selected, a new build scenario that includes
the controls should be modeled and new design values calculated. Design values for the
no-build scenario shown above would not need to be recalculated since the no-build
scenario would not change.
5

Values are compared after rounding. As long as the build design value is no greater than the no-build
design value after rounding, the project would meet conformity requirements at a given receptor, even if
the pre-rounding build design value is greater than the pre-rounding no-build design value.
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K.4

EXAMPLE: 24-HOUR PM2.5 NAAQS

K.4.1 General
This example illustrates the two-tiered approach to calculating design values for
comparison with the 24-hour PM2.5 NAAQS, as described in Section 9.3.3. The 24-hour
design value is the average of three consecutive years’ 98th percentile PM2.5 concentration
of 24-hour values for each of those years. For air quality monitoring purposes, the
NAAQS is met when that three-year average concentration is less than or equal to the
currently applicable 24-hour PM2.5 NAAQS for a given area’s nonattainment designation
(35 g/m3 for nonattainment areas for the 2006 PM2.5 NAAQS and 65 g/m3 for
nonattainment areas for the 1997 PM2.5 NAAQS).6 The design value for comparison to
any 24-hour PM2.5 NAAQS is rounded to the nearest 1 g/m3 (i.e., decimals 0.5 and
greater are rounded up to the nearest whole number, and any decimal lower than 0.5 is
rounded down to the nearest whole number). For example, 35.499 rounds to 35 g/m3,
while 35.500 rounds to 36.7
For this example, the project described in Appendix K.2 is located in a nonattainment
area for the 2006 24-hour PM2.5 NAAQS. This example presents first tier and second tier
build scenario results for a single receptor to illustrate how the calculations should be
made based on air quality modeling results and air quality monitoring data. It also shows
second tier no-build scenario results for this same receptor. In an actual PM hot-spot
analysis, design values would be calculated at additional receptors, as described further in
Section 9.3.3.
As explained in Section 9.3.3, project sponsors can start with either a first or second tier
analysis. This example begins with a first tier analysis. However, it would also be
acceptable to begin with the second tier analysis and skip the first tier altogether.
K.4.2 Build scenario
PM2.5 contributions from the project and the nearby source are estimated together with
AERMOD in each of four quarters using meteorological data from five consecutive
years, using a 24-hour averaging time. As discussed in Appendix K.2 above, the one
nearby source (the freight terminal) was included in air quality modeling.

6

There are only two PM2.5 areas where conformity currently applies for both the 1997 and 2006 24-hour
NAAQS. While both 24-hour NAAQS must be considered in these areas, in practice if the more stringent
2006 24-hour PM2.5 NAAQS is met, then the 1997 24-hour PM2.5 NAAQS is met as well.
7
A sufficient number of decimal places (3-4) should be retained during intermediate calculations for design
values, so that there is no possibility of intermediate rounding or truncation affecting the final result.
Rounding should only occur during final design value calculations, pursuant to Appendix N to 40 CFR Part
50.
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First Tier Analysis
Under a first tier analysis, the average highest modeled 24-hour concentrations at a given
receptor are added to the average 98th percentile 24-hour background concentrations,
regardless of the quarter in which they occur. The average highest modeled 24-hour
concentrations are produced by AERMOD, using five years of meteorological data in one
run.
Step 1. The receptor with the highest average modeled 24-hour concentration is
identified. This was obtained directly from the AERMOD output.8 For this example, the
data from this receptor is shown in Exhibit K-2. Exhibit K-2 shows the highest 24-hour
concentration for each year of meteorological data used, regardless of the quarter in
which they were modeled. The average concentration of these outcomes, 6.710 g/m3
(highlighted in Exhibit K-2), is the highest, compared to the averages at all of the other
receptors.
Exhibit K-2. Modeled PM2.5 Concentrations from Project and Nearby Source

Year
Met Year 1
Met Year 2
Met Year 3
Met Year 4
Met Year 5
Average

Highest PM2.5
Concentration
6.413
5.846
6.671
7.951
6.667
6.710

Step 2. The average 98th percentile 24-hour background concentration for a first tier
analysis is calculated using the 98th percentile 24-hour concentrations of the three most
recent years of monitoring data from the representative air quality monitor selected (see
Appendix K.2). Since the background monitor is on a 1-in-3 day sampling schedule, it
made either 122 or 121 measurements per year during 2008 - 2010. According to Exhibit
9-5, with this number of monitored values per year, the 98th percentile is the third highest
concentration. Exhibit K-3 depicts the top eight monitored concentrations (in g/m3) of
the monitor throughout the years employed for estimating background concentrations.

8

If CAL3QHCR were being used, some additional processing of model output would be needed. Refer to
Section 9.3.3.

K-6

Exhibit K-3. Top Eight Monitored Concentrations in Years 2008 – 2010
Rank
1
2
3
4
5
6
7
8

2008
34.123
31.749
31.443
30.809
30.219
30.134
30.099
28.481

2009
33.537
32.405
31.126
30.819
30.487
29.998
29.872
28.937

2010
35.417
31.579
31.173
31.095
30.425
30.329
30.193
28.751

The third-ranked concentration of each year (highlighted in Exhibit K-3) is the 98th
percentile value. These are averaged:
(31.443 + 31.126 + 31.173) ÷ 3 = 31.247 g/m3.
Step 3. Then, the highest average 24-hour modeled concentration for this receptor (from
Step 1) is added to the average 98th percentile 24-hour background concentration (from
Step 2):
6.710 + 31.247 = 37.957 g/m3.
Rounding to the nearest whole number results in a 24-hour PM2.5 design value of 38
g/m3.
Because this concentration is greater than the 2006 24-hour PM2.5 NAAQS (35 g/m3),
this first tier analysis does not demonstrate that conformity is met. As described in
Section 9.3.3, the project sponsor has two options:
 Repeat the first tier analysis for the no-build scenario at all receptors that
exceeded the NAAQS in the build scenario. If the calculated design value for the
build scenario is less than or equal to the design value for the no-build scenario at
all of these receptors, then the project conforms;9 or
 Conduct a second tier analysis.
In this example, the next step chosen is to conduct a second tier analysis.
Second Tier Analysis
In a second tier analysis, the highest modeled concentrations are not added to the 98th
percentile background concentrations on a yearly basis. Instead, a second tier analysis
uses the average of the highest modeled 24-hour concentration within each quarter of
each year of meteorological data. Impacts from the project, nearby sources, and other
background concentrations are calculated on a quarterly basis before determining the 98th
9

In certain cases, project sponsors can also decide to calculate the design values for all receptors in the
build and no-build scenarios and use the interagency consultation process to determine whether a “new”
violation has been relocated (see Section 9.2).
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percentile concentration resulting from these inputs. The steps presented below follow
the steps described in Section 9.3.3.
Step 1. The first step is to count the number of measurements for each year of
monitoring data used for background concentrations. As described in Appendix K.2 and
in Step 2 of the first tier analysis above, there are 122 monitored values during 2008, 121
values during 2009, and 121 values during 2010.
Step 2. For each year of monitoring data, the eight highest 24-hour background
concentrations in each quarter are determined. The eight highest concentrations in each
quarter of 2008, 2009, and 2010 are shown in Exhibit K-4.
Exhibit K-4. Eight Highest 24-hour Background Concentrations By Quarter for
Each Year

Year

2008

2009

2010

Rank of
Background
Concentration
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8

Q1

Q2

Q3

Q4

27.611
25.974
25.760
25.493
25.099
24.902
24.780
23.287
26.962
24.820
24.330
23.768
23.685
23.287
23.226
22.698
27.493
24.637
24.637
24.392
24.050
23.413
22.453
22.061

31.749
30.219
30.134
28.368
27.319
25.788
25.564
24.794
32.405
30.487
28.937
27.035
25.880
25.867
25.254
24.268
31.579
31.173
30.193
27.994
25.439
24.253
23.006
21.790

34.123
31.443
30.809
28.481
27.372
25.748
25.288
24.631
33.537
30.819
29.998
29.872
25.596
25.148
24.744
24.267
35.417
31.095
30.329
28.751
26.084
24.890
24.749
22.538

30.099
28.096
26.990
25.649
25.526
25.509
25.207
24.525
31.126
28.553
25.920
25.856
25.565
24.746
24.147
23.142
30.425
26.927
26.263
25.684
25.170
24.254
23.425
22.891
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Step 3. The highest modeled 24-hour concentrations in each quarter are identified at each
receptor. Exhibit K-5 presents the highest 24-hour concentrations within each quarter at
one receptor (for each of the five years of meteorological data used in air quality
modeling) as well as the average of these quarterly concentrations. This step would be
repeated for each receptor in an actual PM hot-spot analysis.
Exhibit K-5. Highest Modeled 24-hour Concentrations Within Each Quarter (Build
Scenario)

Met Year 1
Met Year 2
Met Year 3
Met Year 4
Met Year 5
Average

Q1
6.413
3.229
6.671
7.095
6.664
6.014

Q2
3.332
3.481
3.330
3.584
4.193
3.584

Q3
6.201
5.846
5.696
7.722
4.916
6.076

Q4
6.193
4.521
6.554
7.951
6.667
6.377

The average highest concentrations on a quarterly basis (i.e., the values highlighted in
Exhibit K-5) constitute the contributions of the project and nearby source to the projected
24-hour PM2.5 design value, and are used in subsequent calculations.
Step 4. For each receptor, the highest modeled 24-hour concentration in each quarter
(from Step 3) is added to each of the eight highest monitored concentrations for the same
quarter for each year of monitoring data (from Step 2). To obtain this result, the average
highest modeled concentration for each quarter, found in the last row of Exhibit K-5, is
added to each of the eight highest background concentrations in each quarter in Exhibit
K-4. The results are shown in Exhibit K-6.
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Exhibit K-6. Sum of Modeled and Monitored Concentrations (Build Scenario)

Year

2008

2009

2010

Rank of
Background
Concentration
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8

Q1

Q2

Q3

Q4

33.625
31.989
31.774
31.507
31.113
30.916
30.794
29.301
32.976
30.835
30.344
29.782
29.700
29.301
29.240
28.712
33.507
30.651
30.651
30.406
30.064
29.428
28.468
28.075

35.333
33.803
33.718
31.952
30.903
29.372
29.148
28.378
35.989
34.071
32.521
30.619
29.464
29.451
28.838
27.852
35.163
34.757
33.777
31.578
29.022
27.837
26.590
25.374

40.200
37.520
36.886
34.557
33.448
31.824
31.365
30.707
39.613
36.895
36.074
35.948
31.672
31.225
30.820
30.343
41.493
37.172
36.405
34.827
32.160
30.966
30.825
28.614

36.476
34.474
33.368
32.026
31.903
31.886
31.584
30.902
37.503
34.931
32.297
32.233
31.942
31.124
30.524
29.520
36.802
33.304
32.640
32.062
31.547
30.631
29.803
29.269

Step 5. The 32 values from each year in Exhibit K-6 are then ranked from highest to
lowest, regardless of the quarter from which each value comes. This step is shown in
Exhibit K-7. Note that only the top eight values are shown for each year instead of the
entire set of 32. Exhibit K-7 also displays the quarter from which each concentration
comes and the value’s rank within its quarter.
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Exhibit K-7. Eight Highest Concentrations in Each Year, Ranked from Highest to
Lowest (Build Scenario)
Year

2008

2009

2010

μg/m3
40.200
37.520
36.886
36.476
35.333
34.557
34.474
33.803
39.613
37.503
36.895
36.074
35.989
35.948
34.931
34.071
41.493
37.172
36.802
36.405
35.163
34.827
34.757
33.777

Yearly
Rank
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8

Quarter
Q3
Q3
Q3
Q4
Q2
Q3
Q4
Q2
Q3
Q4
Q3
Q3
Q2
Q3
Q4
Q2
Q3
Q3
Q4
Q3
Q2
Q3
Q2
Q2

Quarterly
Rank
1
2
3
1
1
4
2
2
1
1
2
3
1
4
2
2
1
2
1
3
1
4
2
3

Steps 6-7. The value that represents the 98th percentile 24-hour concentration is
determined, based on the number of background concentration values there are. As
described in Step 1, there are 122 monitored values for the year 2008 and 121 values for
both 2009 and 2010. According to Exhibit 9-7 in Section 9.3.3, for a year with 101-150
samples per year, the 98th percentile is the 3rd highest concentration for that year.
Therefore, for this example, the 3rd highest 24-hour concentration of each year,
highlighted in Exhibit K-7, represents the 98th percentile value for that year.
Step 8. At each receptor, the average of the three 24-hour 98th percentile concentrations
is calculated. For the receptor in this example, the average is:
(36.886 + 36.895 + 36.802) ÷ 3 = 36.861

K-11

Step 9. The average for the receptor in this example from Step 8 (36.861 g/m3) is then
rounded to the nearest whole number (37 g/m3) and compared to the 2006 24-hour
PM2.5 NAAQS (35 g/m3).
The design value at the receptor in this example is higher than the relevant 24-hour PM2.5
NAAQS. In an actual PM2.5 hot-spot analysis, the design value calculations need to be
repeated for all receptors, and compared to the NAAQS. Since one (and possibly more)
receptors have design values greater than the 24-hour PM2.5 NAAQS, the project will
only conform if the design value in the build scenario is less than or equal to the design
value in the no-build scenario for all receptors that exceeded the NAAQS in the build
scenario. Therefore, the no-build scenario needs to be modeled for comparison, as
described further below. Because the build scenario was modeled with a second tier
analysis, the no-build scenario must also be modeled with a second tier analysis.
K.4.3 No-build scenario
The no-build scenario is described in Section 9.3.3 as Step 10:
 Step 10. Using modeling results for the no-build scenario, repeat Steps 3 through
9 for all receptors with a design value that exceeded the PM2.5 NAAQS in the
build scenario. The result will be a 24-hour PM2.5 design value at such receptors
for the no-build scenario.
For this part of the example, air quality modeling is completed for the no-build scenario
for the same receptor as the build scenario. Steps 1 and 2 for the build scenario do not
need to be repeated, since the background concentrations in the no-build scenario are
identical to those in the build scenario. Exhibit K-4, which shows the eight highest
monitored concentrations in each quarter over three years, therefore can also be used for
the no-build scenario.
Step 3. For the same receptor examined above in the build scenario, the highest modeled
24-hour concentrations for the no-build scenario are calculated for each quarter, using
each year of meteorological data used for air quality modeling. Exhibit K-8 provides
these concentrations, as well as the quarterly averages (highlighted).
Exhibit K-8. Highest Modeled 24-hour Concentrations Within Each Quarter (NoBuild Scenario)

Met Year 1
Met Year 2
Met Year 3
Met Year 4
Met Year 5
Average

Q1
6.757
3.402
7.029
7.476
7.022
6.337

Q2
3.383
3.535
3.381
3.639
4.258
3.639

Q3
6.725
6.340
6.177
8.374
5.331
6.589

Q4
6.269
4.577
6.635
8.048
6.748
6.455
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Step 4. The highest modeled 24-hour concentration in each quarter (i.e., the values in the
last row of Exhibit K-8) are added to each of the eight highest concentrations for the
same quarter for each year of monitoring data (found in Exhibit K-4), and the resulting
values are shown in Exhibit K-9.
Exhibit K-9. Sum of Modeled and Monitored Concentrations (No-Build Scenario)

Year

2008

2009

2010

Rank of
Background
Concentration
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8

Q1

Q2

Q3

Q4

33.948
32.312
32.097
31.830
31.436
31.239
31.117
29.624
33.299
31.158
30.667
30.105
30.023
29.624
29.563
29.035
33.830
30.974
30.974
30.729
30.387
29.751
28.791
28.398

35.389
33.858
33.774
32.007
30.959
29.428
29.204
28.433
36.044
34.126
32.576
30.674
29.520
29.506
28.894
27.907
35.218
34.812
33.832
31.633
29.078
27.893
26.645
25.429

40.713
38.033
37.399
35.070
33.961
32.337
31.878
31.220
40.127
37.408
36.587
36.461
32.185
31.738
31.333
30.856
42.007
37.685
36.918
35.340
32.674
31.479
31.338
29.127

36.555
34.552
33.446
32.104
31.981
31.964
31.662
30.980
37.581
35.009
32.375
32.311
32.020
31.202
30.602
29.598
36.880
33.382
32.719
32.140
31.625
30.709
29.881
29.347

Step 5. The 32 values from each year in Exhibit K-9 are ranked from highest to lowest,
regardless of the quarter from which each value comes. This step is shown in Exhibit K
10. Note that only the top eight values are shown for each year instead of the entire set of
32.
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Exhibit K-10. Eight Highest Concentrations in Each Year, Ranked from Highest to
Lowest (No-Build Scenario)
Year

2008

2009

2010

μg/m3
40.713
38.033
37.399
36.555
35.389
35.070
34.552
33.961
40.127
37.581
37.408
36.587
36.461
36.044
35.009
34.126
42.007
37.685
36.918
36.880
35.340
35.218
34.812
33.832

Yearly
Rank
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8

Quarter
Q3
Q3
Q3
Q4
Q2
Q3
Q4
Q3
Q3
Q4
Q3
Q3
Q3
Q2
Q4
Q2
Q3
Q1
Q1
Q4
Q4
Q1
Q4
Q4

Quarterly
Rank
1
2
3
1
1
4
2
5
1
1
2
3
4
1
2
2
7
3
2
8
6
1
2
3

Steps 6-7. Based on the number of background measurements available per year in this
example (122 for 2008 and 121 for both 2009 and 2010, as discussed in the analysis of
the build scenario), Exhibit 9-7 in Section 9.3.3 indicates that the 3 rd highest 24-hour
concentration in each year represents the 98th percentile concentration for that year. The
third highest concentrations are highlighted in Exhibit K-10.
Step 8. For this receptor, the average of the Rank 3 concentrations in 2008, 2009, and
2010 is calculated:
(37.399 + 37.408 + 36.918) ÷ 3 = 37.242
Step 9. The average for the receptor in this example from Step 8 (37.242 g/m3) is
rounded to the nearest whole g/m3 (37 g/m3).
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In this example, the design value at this receptor for both the build and no-build scenarios
is 37 g/m3, which is greater than the 2006 24-hour NAAQS (35 mg/m3). However, the
build scenario’s design value is equal to the design value in the no-build scenario. 10 For
the project to conform, the build design values must be less than or equal to the no-build
value for all the receptors that exceeded the NAAQS in the build scenario. Assuming
that this is the case at all other receptors, the proposed project in this example would
therefore demonstrate conformity.

K.5

EXAMPLE: 24-HOUR PM10

NAAQS

K.5.1 General
This example illustrates calculating design values for comparison with the 24-hour PM10
NAAQS, as described in Section 9.3.4. The 24-hour PM10 design value is based on the
expected number of 24-hour exceedances of 150 g/m3, averaged over three consecutive
years. For air quality monitoring purposes, the NAAQS is met when the number of
exceedances is less than or equal to 1.0. The 24-hour PM10 design value is rounded to the
nearest 10 g/m3. For example, 155.511 rounds to 160, and 154.999 rounds to 150.11
The 24-hour PM10 design value is calculated at each air quality modeling receptor by
directly adding the sixth-highest modeled 24-hour concentration (if using five years of
meteorological data) to the highest 24-hour background concentration (from three years
of monitored data).
For this example, the project described in Appendix K.2 is located in a nonattainment
area for the 24-hour PM10 NAAQS. This example presents build scenario results for a
single receptor to illustrate how the calculations should be made based on air quality
modeling results and air quality monitoring data.

10

Values are compared after rounding. As long as the build design value is no greater than the no-build
design value after rounding, the project would meet conformity requirements at a given receptor, even if
the pre-rounding build design value is greater than the pre-rounding no-build design value.
11
A sufficient number of decimal places (3-4) in modeling results should be retained during intermediate
calculations for design values, so that there is no possibility of intermediate rounding or truncation
affecting the final result. Rounding to the nearest 10 ug/m3 should only occur during final design value
calculations, pursuant to Appendix K to 40 CFR Part 50. Monitoring values typically are reported with
only one decimal place.
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K.5.2 Build Scenario
Step 1. From the air quality modeling results from the build scenario, the sixth-highest
24-hour concentration is identified at each receptor. These sixth-highest concentrations
are the sixth highest that are modeled at each receptor, regardless of year of
meteorological data used.12 AERMOD was configured to produce these values.
Step 2. The sixth-highest modeled concentrations (i.e., the concentrations at Rank 6) are
compared across receptors, and the receptor with the highest value at Rank 6 is identified.
For this example, the highest sixth-highest 24-hour concentration at any receptor is
15.218 g/m3. (That is, at all other receptors, the sixth-highest concentration is less than
15.218 g/m3.) Exhibit K-11 shows the six highest 24-hour concentrations at this
receptor.
Exhibit K-11. Receptor with the Highest Sixth-Highest 24-Hour Concentration
(Build Scenario)
Rank
1
2
3
4
5
6

Highest 24-Hour
Concentrations
17.012
16.709
15.880
15.491
15.400
15.218

Step 3. The highest 24-hour background concentration from the three most recent years
of monitoring data (2008, 2009, and 2010) is identified. In this example, the highest 24
hour background concentration from these three years is 86.251 g/m3.
Step 4. The sixth-highest 24-hour modeled concentration of 15.218 g/m3 from the
highest receptor (from Step 2) is added to the highest 24-hour background concentration
of 86.251 g/m3 (from Step 3):
15.218 + 86.251 = 101.469
Step 5. This sum is rounded to the nearest 10 g/m3, which results in a design value of
100 g/m3.
This result is then compared to the 24-hour PM10 NAAQS. In this case, the concentration
calculated at all receptors is less than the 24-hour PM10 NAAQS of 150 g/m3, therefore
12
The six highest concentrations could occur anytime during the five years of meteorological data. They
may be clustered in one or two years, or they may be spread out over several, or even all five, years of the
meteorological data.
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the analysis shows that the project conforms. However, if the design value for this
receptor had been greater than 150 g/m3, the remainder of the steps in Section 9.3.4
would be completed. That is, build scenario design values for each receptor would be
calculated (Steps 6-7 in Section 9.3.4) and, for all those that exceed the NAAQS, the nobuild design values would also be calculated (Steps 8-10 in Section 9.3.4). The build and
no-build design values would then be compared.13

K.6

MATHEMATICAL FORMULAS FOR DESIGN VALUE CALCULATIONS

K.6.1 Introduction
This part of the appendix includes mathematical formulas to represent the calculations
described narratively in Section 9.3. This information is intended to supplement Section
9, which may be helpful for certain users.
Appendix K.6 relies on conventions of mathematical and logical notation that are
described after the formulas are presented. Several symbols are used that may be useful
to review prior to reading the individual formulas.
Notation symbols




x - a single bar over variable x represents a single arithmetic mean of that
variable
x - double bars over variable x represents an “average of averages”
x̂ - a “hat” over variable x represents the arithmetic of multiple high
concentration values from different years, either from monitoring data or from
modeling results

Logical symbols




x - an upside down A before variable x means “for all” values of x
 x - an “  ” before variable x means “in x”
x  y - means “for all x in y”

The following information present equations for calculating design values for the PM2.5
annual NAAQS, 24-hour PM2.5 NAAQS, and 24-hour PM10 NAAQS. The equations are
organized into the sets that are referenced in Section 9.3.

13

Values are compared after rounding. As long as the build design value is no greater than the no-build
design value after rounding, the project would meet conformity requirements at a given receptor, even if
the pre-rounding build design value is greater than the pre-rounding no-build design value.
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K.6.2 Equation Set 1: Annual PM2.5 design value
Formulas
ci  bi  p i
3

bim
m 1 3

bi  

4

bijm

j 1

4

bim  
l

pi  
k 1

pik
l
4

pijk

j 1

4

When using CAL3QHCR, pik  
Definitions

bi = average of three consecutive years’ average annual background concentrations at
receptor i
bim = quarterly-weighted average annual background concentrations at receptor i during
monitoring year m
bijm = quarterly average background concentration at receptor i, during quarter j in

monitoring year m
ci = annual PM2.5 design value at receptor i
i = receptor
j = quarter
k = year of meteorological data
l = length in years of meteorological data record
m = year of background monitoring data
pik = average modeled quarterly average concentrations at receptor i for meteorological
year k. When using AERMOD, it is presumed that AERMOD’s input file is used
to specify this averaging time. When using CAL3QHCR with a single quarter of
meteorological data, pik must be calculated using each pijk for each quarter of
meteorological year k.
pijk = quarterly average concentration at receptor i for quarter j, in meteorological data
year k. This variable is the product of CAL3QHCR when run with a single
quarter of meteorological data. pik can be calculated directly using AERMOD
without explicitly calculating pijk .
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K.6.3 Equation Set 2: 24-Hour PM2.5 design value (First Tier Analysis)
Formulas
ĉi  bˆi  p̂i
bim  bijm  m
3

b̂i  
m1
l

bimrm

p̂i  
k 1

3
max k [max jk ( pijk )]

(when using CAL3QHCR), which compresses to:
l
l
max k ( pik )
(when using AERMOD with maximum concentration by year)
p̂i  
l
k 1

Definitions
b̂i = the average of 98th percentile 24-hour concentrations from three consecutive years of
monitoring data
=
daily
24-hour background concentration at receptor i, during quarter j in monitoring
bijm
year m
bim  bijm  m = All 24-hour background concentration measurements in year m
bimrm = The 24-hour period within year m whose concentration rank among all 24-hour
measurements in year m is rm (this represents the 98th percentile of 24-hour
background concentrations within one year.)
ĉi = 24-hour PM2.5 design value at receptor i
i = receptor
j = quarter
k = year of meteorological data
l = length in years of meteorological data record
m = year of background monitoring data
maxk = maximum predicted 24-hour concentration within meteorological year k
max jk = maximum predicted 24-hour concentration within quarter j within
meteorological year k
p̂i = average of highest predicted concentrations from each year modeled with the l years
from which meteorological data are used (≥5 years for off-site data, ≥1 year for
on-site data)
pijk = modeled daily 24-hour concentration at receptor i, in quarter j and meteorological

year k
pik = modeled daily 24-hour concentration at receptor i, in meteorological year k
rm = concentration rank of bim corresponding to 98th percentile of all bim in year m, based
on number of background concentration measurements per year (nm). rm is given
by the following table:
K-19

nm
1-50
51-100
101-150
151-200
201-250
251-300
301-350
351-366

rm
1
2
3
4
5
6
7
8
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K.6.4 Equation Set 3: 24-Hour PM2.5 design value (Second Tier Analysis)
Formulas
3

ĉi  
m1

cimrm
3

cim  cijm  m
cijm  bijm  p̂ij , for the eight (8) highest bijm in quarter j in monitoring year m
l

max jk ( pijk )

k 1

l

p̂ij  

Definitions
bijm = daily 24-hour background concentration at receptor i, during quarter j in monitoring
year m
ĉi = 24-hour PM2.5 design value at receptor i
cijm = The set of all sums of modeled concentrations ( p̂ij ) with background
concentrations from quarter j and monitoring year m, using the eight highest
background concentrations ( bijm ) for the corresponding receptor, quarter, and

monitoring year.
cim  cijm  m = the set of all cimj corresponding to monitoring year m
cimrm = predicted 98th percentile total concentration from the project, nearby sources, and
background measurements from year m. Given by the value of cim whose
concentration rank in year m is rm, using background measurements from year m.
i = receptor
j = quarter
k = year of meteorological data
l = length in years of meteorological data record
m = year of background monitoring data
max jk = maximum predicted 24-hour concentration within quarter j within

meteorological year k
pijk = Predicted daily 24-hour concentration at receptor i, during quarter j, based on data
from meteorological year k
p̂ij = Average highest 24-hour modeled concentration ( pijk ) using l years of
meteorological data

rm = concentration rank of cim corresponding to 98th percentile of all cim in year m, based
on number of background concentration measurements per year (nm). rm is given
by the following table:
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nm
1-50
51-100
101-150
151-200
201-250
251-300
301-350
351-366

rm
1
2
3
4
5
6
7
8
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K.6.5 Equation Set 5: 24-Hour PM10 design value
Formulas
~
c~i  bi  ~
pi
~
bi = max in (bin )
3

bin   bim
m1

~
p i  p il rl
l

pil   pik
k 1

Definitions

c~i = 24-hour PM10 design value

~
bi = maximum monitored 24-hour PM10 background concentration at within bin
bim = the set of all monitored 24-hour PM10 background concentrations at receptor i
within monitoring year m
bin = the set of all bim within monitoring years n
i = receptor
k = year of meteorological data
l = length in years of meteorological data record.
maxin = the maximum monitored 24-hour background concentration at receptor i within
monitoring years n
n = the set of all years of monitoring data, m = {1,2,3}
~
p i  p il rl = modeled 24-hour PM10 concentration with concentration rank of rl among all

concentrations modeled using l years of meteorological data
pil = set of all modeled 24-hour concentrations at receptor i across l years of
meteorological data
(for example, rl = 6 when using 5 years of meteorological data)
rl = l + 1
z

c

a

= the set (finite union) of all ca with integer values of a = {1,…,z}

a1
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PREFACE
In accordance with Governing Board direction, SCAQMD staff has developed this methodology
to assist lead agencies in analyzing localized air quality impacts from proposed project. This
methodology is guidance and is VOLUNTARY. Localized significance threshold (LST) lookup tables for one, two and five acre proposed projects emitting carbon monoxide (CO), oxides of
nitrogen (NOx), particulate matter less than 2.5 microns in aerodynamic diameter (PM2.5) or
particulate matter less than 10 microns in aerodynamic diameter (PM10) were prepared for easy
reference according to source receptor area. SCAQMD recommends that lead agencies perform
project-specific modeling for larger projects in determining localized air quality impacts.
The LST methodology was developed to be used as a tool to assist lead agencies to analyze
localized impacts associated with project-specific level proposed projects.
The LST
methodology and associated mass rates are not designed to evaluate localized impacts from
mobile sources traveling over the roadways. Further, LSTs are applicable to projects at the
project-specific level and are not applicable regional projects such as General Plans. The LST
methodology and associated mass rate look-up tables will be included as an update to the
SCAQMD CEQA Air Quality Handbook upon Governing Board’s approval.
Subsequent to the adoption of the Final Significance Threshold Methodology, SCAQMD
Governing Board adopted significant thresholds for PM2.5; the California Air Resources Board
(ARB) revised the 1-hour nitrogen dioxide (NO2) Ambient Air Quality Standard (AAQS) from
0.25 ppm to 0.18 ppm, and established a new annual average standard of 0.03 ppm. The Final
Significance Threshold Methodology was revised in July of 2008 to include the PM2.5
significant threshold methodology and update the LST Mass Rate Look-up Tables for the 1-hour
NO2 AAQS.
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Chapter 1 – Introduction

CHAPTER 1
INTRODUCTION
In 1993, the South Coast Air Quality Management District (SCAQMD) Governing Board
adopted the CEQA Air Quality Handbook (Handbook). This Handbook contains
guidance for other public agencies when preparing an air quality analysis for California
Environmental Quality Act (CEQA) or National Environmental Policy Act (NEPA)
analyses. In addition to providing guidance for analyzing air quality impacts, the
Handbook also contains indicators of significance recommended for use by other public
agencies. The most widely used of the significance thresholds in the Handbook are the
mass daily significance thresholds for construction and operation, which indicate that a
project has significant adverse regional effects on air quality.
More recently as part of the SCAQMD’s environmental justice program, attention has
focused on localized effects of air quality. In accordance with Governing Board
direction, staff has developed localized significance threshold (LST) methodology and
mass rate look-up tables by source receptor area (SRA) that can be used by public
agencies to determine whether or not a project may generate significant adverse localized
air quality impacts. LSTs represent the maximum emissions from a project that will not
cause or contribute to an exceedance of the most stringent applicable federal or state
ambient air quality standard, and are developed based on the ambient concentrations of
that pollutant for each source receptor area.
Use of LSTs by local government is VOLUNTARY. The staff proposal recommends
using the LST mass rate look-up tables only for projects that are less than or equal to five
acres. It should be noted that lead agencies are not precluded from performing projectspecific modeling if they prefer more precise results. It is recommended that lead
agencies perform project-specific air quality modeling for larger projects. LSTs are
applicable at the project-specific level and generally are not applicable to regional
projects such as local General Plans unless specific projects are identified in the General
Plans.
The use of LSTs is VOLUNTARY, to be implemented at the discretion of local agencies.
LSTs would only apply to projects that trigger a CEQA review. Therefore, projects that
are statutorily or categorically exempt under CEQA would not be subject to LST
analyses. Exemptions include infill projects that meet the H&S Code provisions or
projects identified by lead agencies as ministerial. The methodology and screening tables
are included as an appendix to this Handbook.
Staff has developed implementation tools to assist in evaluation of projects. Guidance
information, such as typical scenarios and sample calculations are included as an
appendix to this Handbook. The sample calculations and scenarios include estimations of
both regional and localized impacts for ease of use. If the lead agencies decide to follow
the LST methodology and determine that the proposed projects might exceed LSTs,
please consult Chapter 11 of the CEQA Handbook (1993) for applicable mitigation
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measures. SCAQMD staff is available to assist lead agencies or project proponents in
addressing implementation issues.
The LST mass rate look-up tables provided in Appendix C allow a user to readily
determine if the daily emissions for proposed construction or operational activities could
result in significant localized air quality impacts. If the calculated emissions for the
proposed construction or operational activities are below the LST emission levels found
on the LST mass rate look-up tables and no potentially significant impacts are found to
be associated with other environmental issues, then the proposed construction or
operation activity is not significant for air quality. Proposed projects whose calculated
emission budgets for the proposed construction or operational activities are above the
LST emission levels found in the LST mass rate look-up tables should not assume that
the project would necessarily generate adverse impacts. Detailed air dispersion modeling
may demonstrate that pollutant concentrations are below localized significant levels. The
lead agency may choose to describe project emissions above those presented in the LST
mass rate look-up tables as significant or perform detailed air dispersion modeling or
perform localized air quality impact analysis according to their own significance criteria.
The LST mass rate look-up tables are applicable to the following pollutants only: oxides
of nitrogen (NOX), carbon monoxide (CO), particulate matter less than 2.5 microns in
aerodynamic diameter (PM2.5) and particulate matter less than 10 microns in
aerodynamic diameter (PM10). LSTs are derived based on the location of the activity
(i.e., the source/receptor area); the emission rates of NOX, CO, PM2.5 and PM10; and the
distance to the nearest exposed individual. The location of the activity and the distance to
the nearest exposed individual can be determined by maps, aerial and site photos, or site
visits. The NOx, CO, PM2.5 and PM10 emission factors and/or rates are the same
emission factors/rates identified in the Handbook, AP-42, EMFAC, Offroad, etc.
This document explains the methodology, specifically pollutant dispersion modeling used
to develop the LST mass rate look-up tables and how one uses the procedures to
determine the significance or insignificance of project activities for air quality. This
document will become part of the revised Handbook.
LEGAL AUTHORITY
CEQA Guidelines §15022(a) states that a public agency shall adopt objectives, criteria,
and specific procedures consistent with CEQA and these [State] Guidelines for
administering its responsibilities under CEQA. CEQA Guidelines §15022(d) states
further, “In adopting procedures to implement CEQA, a public agency may adopt the
State CEQA Guidelines through incorporation by reference. The agency may then adopt
only those specific procedures or provisions described in subsection [15022] (a) which
are necessary to tailor the general provisions of the guidelines to the specific operations
of the agency.” At the December 11, 1998 Public Hearing the SCAQMD’s Governing
Board formally incorporated by reference the State CEQA Guidelines as the
implementing guidelines for the SCAQMD’s CEQA program. Adopting LSTs would be
consistent with CEQA Guidelines §15022 provision to tailor a public agency’s
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implementing guidelines by adopting criteria relative to the specific operations of the
SCAQMD.
Specifically with regard to thresholds of significance, CEQA Guidelines §15064.7(a)
states, "Each public agency is encouraged to develop and publish thresholds of
significance that the agency uses in the determination of the significance of
environmental effects.” Subsection (b) of the same section states further, “Thresholds of
significance to be adopted for general use as part of the lead agency’s environmental
review process must be adopted by ordinance, resolution, rule or regulation, and
developed through a public review process and be supported by substantial evidence.”
The methodology for developing LSTs and the resulting LST mass rate look-up tables
developed by the SCAQMD have undergone a public review process as part of
stakeholder working group meetings that are open to the public. This methodology
document provides the substantial evidence relative to the methodology for developing
LSTs. After completion of the public process, the LST methodologies will be heard by
the SCAQMD’s Governing Board at a public meeting, where they will be considered for
adoption by resolution, consistent with CEQA Guidelines §15064.7(b).
This
methodology and associated LSTs are recommendations only and not mandatory
requirements. The methodology and LSTs may be used at the discretion of the local lead
agency.
BACKGROUND
At the October 10, 1997 Board Meeting, the SCAQMD Governing Board adopted the
Guiding Principles and Workplan to Implement Environmental Justice Initiatives.
Environmental Justice (EJ) Initiative #4 – CEQA Commenting, directed the SCAQMD to
reconstruct its CEQA commenting function, called intergovernmental review. As
specified in the Workplan, EJ Initiative #4 included updating the CEQA Handbook by
creating and working with a stakeholders’ review group.
Consistent with EJ Initiative #4 staff began the formal Handbook revision process by
creating a Handbook revision working group of stakeholders comprised of local
government planners; representatives of local councils of government; environmental
groups; the building and construction industries; and other interested individuals. In
1998, the SCAQMD started a series of Handbook revision working group meetings. One
of the issues identified by the stakeholders was a request to address localized air quality
impacts. With respect to criteria pollutants, the existing Handbook only discussed
localized impacts as part of focused CO "hotspots" analyses prepared for mobile sources.
Assessing localized air quality impacts requires using complex dispersion models.
Therefore, to address the issue of localized significance, yet be sensitive to the fact that
other public agencies might not have the expertise or adequate financial resources to
perform complex dispersion modeling, in addition to the methodology itself, SCAQMD
staff began developing a proposal to establish localized significance thresholds in a form
similar to the regional significance thresholds, that is, based on the amount of pounds of
emission per day generated by a proposed project that would cause or contribute to
localized air quality impacts.
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After developing the methodology for deriving LSTs, staff presented the concept,
methodologies, and a retrospective study on the use of LSTs at Governing Board Mobile
Source Committee meetings. In the fourth quarter of 2001, staff presented the LST
proposal to the Mobile Source Committee. Because of concerns and issues raised by
committee members, the Mobile Source Committee recommended that staff seek
approval from the Governing Board before proceeding with further development of the
LSTs. On February 1, 2002, the Governing Board directed staff to continue developing
LSTs and report back to the Board for consideration and possible incorporation into a
revised Handbook.
On September 13, 2002, the Governing Board approved the implementation of the
Environmental Justice Program Enhancements for FY 2002-03. In connection with
approving the Environmental Justice Program Enhancement for FY 2002-03, the Board
directed staff to implement 23 enhancements to the original Environmental Justice
Program divided into three categories. Category I: Further-Reduced Health Risk,
Enhancement I-4 included a proposal to “continue to develop localized significance
thresholds for subregions of the air district, as another indicator of CEQA significance.”
Enhancement I-4 also directed staff to continue developing localized significance
thresholds through a stakeholder working group. Staff has since met with the stakeholder
working group two times and, with input from the stakeholder working group, developed
a proposal to implement Enhancement I-4.
BASIC APPROACH
An air quality analysis typically separates a project’s emissions into construction and
operational activity emissions because these two activities are typically sequential.
Relative to the staff proposal, the emissions of concern from construction activities are
NOx, CO and PM2.5 combustion emissions from construction equipment1 and fugitive
PM 2.5 and PM10 dust from construction site preparation activities. The primary
emissions from operational activities include, but are not limited to NOx and CO
combustion emissions from stationary sources and/or on-site mobile equipment. Some
operational activities may also include fugitive PM2.5 and PM10 dust generating
activities such as aggregate operations or earthmoving activities at landfills. Off-site
mobile emissions from the project should NOT be included in the emissions compared to
the LSTs.
LSTs are derived using one of three methodologies depending upon the attainment status
of the pollutant. For attainment type pollutants, nitrogen dioxide (NO2) and CO2, the
1

Construction equipment also emits PM10, but for simplicity these emissions should be combined with the
fugitive PM10 dust when using the LST procedures provided below.
2
Although the district was not designated as in attainment with the CO ambient air quality standards when
the LSTs were developed, it was treated as an attainment pollutant since CO concentrations hadnot
exceeded any CO ambient air quality standards for the two years prior to the adoption of the LSTs.
Therefore, for developing LSTs, the attainment pollutant approach is applicable. The district was
redesignated as in attainment for CO in 2002. The district was designated in NO2 attainment by the State in
2003, and NO2 concentration had been below the State AAQS for three years prior. The district has been
designated as in NO2 attainment for the federal standard since 1995. In 2007, the State AAQS standards
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mass rate LSTs are derived using an air quality dispersion model to back-calculate the
emissions per day that would cause or contribute to a violation of any short-term AAQS
for a particular SRA. The most stringent of the federal and state standards for NO2 is the
1-hour state standard of 18 parts per hundred million (pphm); and for CO it is the 1-hour
and 8-hour state standards of nine parts per million (ppm) and 20 ppm, respectively.
LSTs are developed based upon the size or total area of the emissions source, the ambient
air quality3 in each source receptor area (SRA) in which the emission source is located,
and the distance to the sensitive receptor. LSTs for NO2 and CO are derived by adding
the incremental emission impacts from the project activity to the peak background NO2
and CO concentrations and comparing the total concentration to the most stringent
ambient air quality standards. Background criteria pollutant concentrations are
represented by the highest measured pollutant concentration in the last three years at the
air quality monitoring station nearest to the proposed project site.
Construction PM 2.5 and PM10 LSTs are developed using a dispersion model to backcalculate the emissions necessary to exceed a concentration equivalent to 50 micrograms
per cubic meter (µg/m3) averaged over five hours, which is the control requirement in
Rule 403. The equivalent concentration for developing PM 2.5 and PM10 LSTs is
10.4 µg/m3, which is a 24-hour average.
Operational PM 2.5 and PM10 LSTs are derived using an air quality dispersion model to
back-calculate the emissions necessary to make an existing violation in the specific SRA
worse, using the allowable change in concentration thresholds in Table A-2 in Rule 1303.
For PM 2.5 and PM10 the allowable change in concentration thresholds is 2.5 µg/m3.
These levels represent measurable impacts taking into account modeling sensitivity.
The staff proposal recommends using the LST mass rate look-up tables only for projects
that are less than or equal to five acres. It should be noted that lead agencies are not
precluded from performing project-specific modeling if they prefer more precise results.
It is recommended that lead agencies perform project-specific air quality modeling for
larger projects. Lead agencies have the discretion to identify appropriate thresholds and
analysis methodologies.
If mitigation measures are needed, please refer to Chapter 11 of the Handbook. Lead
agencies may use mitigation measures beyond those identified in the Handbook and
District staff is available for technical consultation.

were lowered to 0.18 ppm for the NO2 1-hour standard and 0.030 ppm was established as the NO2 annual
average standard. Since the standards have become affective, the NO2 concentrations have been below the
new 1-hour standard. However, there was a single location (SRA 10 – Pomona/Walnut Valley) that
exceeded the NO2 annual average standard in 2007 (0.0318 ppm). The LSTs were developed based on
short-term standards (less than 24 hour concentration standards). Since all NO2 concentrations in the
district are less than the new one-hour standard, NOx is still treated as an attainment pollutant.
3
Ambient air quality information is based on the pollutant concentrations measured at the SCAQMD’s
monitoring stations in or near the specified SRA.
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The concepts inherent in the above staff recommendations are generally consistent with
the modeling requirement in SCAQMD Rule 1303(b)(1), which states that the Executive
Officer shall deny a Permit to Construct for any new or modified source with an emission
increase unless, “The applicant substantiates with modeling that the new facility or
modification will not cause a violation, or make significantly worse an existing
violation… of any AAQS at any receptor in the district.” It should be noted that there are
some modeling assumptions used to derive mass rate LSTs that are unique for this
purpose and not intended for Regulation XIII permitting applications. Therefore, the
modeling methodology described in this document should not be used to comply with
Rule 1303 modeling requirements. The actual methodology used to derive the mass rate
LSTs is described in more detail in Chapter 2.
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CHAPTER 2
METHODOLOGY
This chapter describes the technical approach used to derive the mass rate LSTs. The models
used to derive the mass rate LSTs are briefly described, including adjustments to the outputs,
which attempt to incorporate more realistic parameters into the modeling results.
MODEL
Two distinct modeling approaches were used to develop the mass rate LSTs for the gaseous
pollutants (i.e., NO2 and CO) and particulate matter (i.e., PM10). A U.S. Environmental
Protection Agency (EPA)-approved dispersion model was used for NO2, CO, and PM 2.5. For
PM10, a combination of a U.S. EPA-approved dispersion model and an empirical equation,
developed by Desert Research Institute (DRI)4 were used to describe concentration changes as a
function of downwind distance.
NO2, CO and PM2.5
Version 3 of the U.S. EPA approved air quality model called Industrial Source Complex (i.e.,
ISC3) was used to develop the mass rate LSTs discussed here for NO2, CO, and PM2.5. The
short-term version of the model was applied using hourly meteorological data from numerous
sites in the district. Important model options employed include: urban dispersion parameters
(i.e., URBAN) and no calm wind processing (i.e., NOCALM). All other model options assumed
the model default values.
PM10
For PM10, the short-term version of ISC3 was used to estimate PM10 concentrations at 25
meters from the boundary of the construction area, 1,000 meters from the boundary of the
construction area, and beyond. Since fugitive dust consists of a significant fraction of large
particles greater than 10 microns, plume depletion due to dry removal mechanisms was assumed
(i.e., DRYDPLT). The fugitive PM10 emissions are separated into the three particle sizes of less
than one micron (µm), 1.0 to 2.5 µm, and 2.5 to 10 µm in aerodynamic diameter, which have the
assumed weight fractions of 7.87, 12.92, and 79.22 percent, respectively. The particle density
for all three size bins is 2.3 grams per cubic centimeter.
For downwind distances from the boundary of the construction area to 100 meters, the following
equation was used to describe the change in PM10 concentration versus downwind distance:
Cx = 0.9403 Co e -0.0462 x

Eq. 1

Where: Cx is the predicted PM10 concentration at x meters from the fence line;
Co is the PM10 concentration at the fence line as estimated by ISC3;
e is the natural logarithm; and
x is the distance in meters from the fence line.
4

Desert Research Institute, 1996.
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Equation 1 was developed from the 1996 DRI study of fugitive dust control measures for
unpaved roads. Concentrations are linearly interpolated between the two approaches for
downwind distances from 100 to 500 meters.
SOURCE TREATMENT
Mass rate LSTs for construction and operational activities for one-, two-, and five-acre sites have
been developed. Exhaust emissions from construction equipment are treated as a set of side-byside elevated volume sources. These volume sources are illustrated in Figure 2-1. The number
and dimensions of the volume sources for each analyzed acreage are shown in Table 2-1. The
release height is assumed to be five meters. This represents the mid-range of the expected plume
rise from frequently used construction equipment during daytime atmospheric conditions. All
construction exhaust emissions are assumed to take place over the eight-hour period between
8 a.m. to 4 p.m. Mass rate LSTs may be used for operational sources with parameters similar to
the construction parameters presented above.
Fugitive dust emissions are treated as a ground-based square area source with the dimension of
the acreage analyzed. For example, the one-acre construction site is 63.6 meters on a side and
the five-acre construction site is 142.2 meters on a side. An initial vertical dimension of one
meter is assumed to represent the initial vertical spread of the emissions. Based on this
assumption, the initial vertical dimension resulted in a vertical concentration profile that closely
matched the vertical profile observed by DRI (1996), as shown in Figure 2-2. As with the
construction equipment, all the fugitive dust emissions are assumed to be emitted over the eighthour period, 8 a.m. to 4 p.m. Area sources are illustrated in Figure 2-1.
RECEPTOR GRID
A radial receptor grid is used to determine impacts. The grid is centered on the source and is
built in ten degree increments at the following downwind distances from the hypothetical
proposed project boundary: 25, 50, 100, 200, and 500 meters. Flat terrain is assumed, since
emissions sources from construction activities are primarily ground-based. All receptors are
placed within the breathing zone at two meters above ground level. Figure 2-1 illustrates the
relationship between the source and receptors.
METEOROLOGY
For modeling purposes, the SCAQMD uses 1981 meteorological data (i.e., hourly winds,
temperature, atmospheric stability, and mixing heights) from 35 sites in the district, as shown in
Figure 2-3 and listed in Table 2-2. The 1981 meteorological data are used because this data set
represents the most complete and comprehensive data set currently compiled. These data are
available at the SCAQMD’s web site (www.aqmd.gov/metdata) and is in a format that can be
directly read by ISC3. Using this meteorological data set, LSTs are developed for each of the
37 source receptor areas (SRAs) within the SCAQMD’s jurisdiction (see Figure 2-4). LSTs
were not developed for SRA 14, because it is outside of the SCAQMD’s jurisdiction. Sitespecific meteorological data may also be used the concurrence from the District staff. A projects
located close to the boundaries of another SRA may use the LSTs for that SRA if the monitored
concentrations better represent the ambient air quality surrounding that project..

Final Localized Significance Threshold Methodology

2-2

June 2003, Revised July 2008

NOx and CO
Adjacent Volume Sources
Project site represented
by elevated volume
sources

Receptor
two meter height

Five meter release
height with a 1.4
meter initial vertical
dimension

Distance from project
boundary to receptor

Receptor grid

PM10
Area Source

Project site
represented by
elevated area sources
Surface release with
a one meter initial
vertical dimension

Receptor
two meter height

Distance from project
boundary to receptor

Receptor grid

Figure 2-1. Volume and Area Sources

Table 2-1. Number and Dimensions of Volume Sources
Area
1 acre
2 acres
5 acres

Number of volume sources
36
81
49
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Figure 2-2. Comparison of Vertical Concentration Profiles
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Figure 2-3. 1981 District Meteorological Sites
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Figure 2-4. Source/Receptor Areas in the District
BACKGROUND CO AND NO2 AIR QUALITY
To determine whether or not construction activities create significant adverse localized air
quality impacts, the emissions contribution from the project is added to ambient concentrations
and the total is then compared to the most stringent applicable state and/or federal ambient air
quality standards for CO and NO2. In order to be able to make this determination, it is necessary
to know the background concentrations in the vicinity of the proposed project site. The modeled
incremental impacts from project activities are added to the background values to estimate the
peak impacts downwind of the activities. The LST concentrations are derived by ensuring that
the total concentrations (i.e., background plus project contribution) are just less than the most
stringent applicable state and federal ambient air quality standards. The methodology for
identifying the background concentrations is outlined in the following paragraphs.
Table 2-3 lists the SCAQMD air quality monitoring stations that measure CO or NO2 in the
district. At the time of LST adoption, a database of annual concentrations was assembled for the
period 1999 to 2001. Peak one-hour CO and NO2, and peak eight-hour CO concentrations for
the three-year period were identified.
The observed peak one-hour CO, one-hour NO2, and eight-hour CO concentrations for the
three-year period are given in Appendix A for each available station. The peak concentrations
for each year and for the three-year period as a whole are provided. The difference between the
peak concentrations and the relevant state and federal standards determines the allowable mass
emissions for the construction activities that would not result in significant adverse localized air
quality impacts.

Final Localized Significance Threshold Methodology

2-5

June 2003, Revised July 2008

Table 2-2. 1981 Meteorological Data for Dispersion Modeling
Station ID
Surface

Upper air

53071
54097
54144
51100
51067
53112
53126
52075
53128
54149
54146
53012
51108
53099
51117
52118
53101
53127
52130
52104
51115
54167
54145
51122
53134
54109
54161
51107
54139
53137
54147
52132
54106
52158
53114

91919
99999
99999
99999
99999
91919
91919
91919
91919
99999
99999
91919
99999
91919
99999
91919
91919
91919
91919
91919
99999
99999
99999
99999
91919
99999
99999
99999
99999
91919
99999
91919
99999
91919
91919

UTM (kilometer)
Site Name
Anaheim
Azusa
Banning
Burbank
Canoga Park
Compton
Costa Mesa
Downtown Los Angeles
El Toro
Fontana
Indio
King Harbor
La Canada
La Habra
Lancaster
Lennox
Long Beach
Los Alamitos
Lynwood
Malibu
Newhall
Norco
Palm Springs
Pasadena
Pico Rivera
Pomona
Redlands
Reseda
Riverside
Santa Ana Canyon
Upland
Vernon
Walnut
West Los Angeles
Whittier

Easting

Northing

415.0
414.9
510.5
379.5
352.9
385.5
413.8
386.9
436.0
455.4
572.3
371.2
388.2
412.0
396.0
373.0
390.0
404.5
388.0
344.0
355.5
446.8
542.5
396.0
402.3
430.8
486.2
359.0
464.8
431.0
440.0
387.4
420.0
372.3
405.3

3742.5
3777.4
3754.5
3783.0
3786.0
3750.3
3724.2
3770.1
3720.9
3773.9
3731.0
3744.4
3786.1
3754.0
3839.5
3755.0
3743.0
3739.8
3754.0
3766.9
3805.5
3749.0
3742.5
3778.5
3764.1
3769.6
3769.4
3785.0
3758.6
3748.4
3773.1
3762.5
3761.7
3768.6
3754.0

UTM = Universal Transverse Mercator
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Table 2-3. SCAQMD Stations Measuring CO or NO2
Pollutant measured
Station
Central LA
Northwest Coastal LA County
Southwest Coastal LA County
South Coastal LA County
West San Fernando Valley
East San Fernando Valley
West San Gabriel Valley
East San Gabriel Valley 1
East San Gabriel Valley 2
Pomona/Walnut Valley
South San Gabriel Valley
South Central LA County 1
South Central LA County 2
Santa Clarita Valley
North Orange County
Central Orange County
North Coastal Orange County
Saddleback Valley 1
Saddleback Valley 2
Norco/Corona
Metropolitan Riverside County 1
Metropolitan Riverside County 2
Perris Valley
Lake Elsinore
Banning Airport
Coachella Valley 1
Coachella Valley 2
Northwest San Bernardino Valley
Southwest San Bernardino Valley
Central San Bernardino Valley 1
Central San Bernardino Valley 2
East San Bernardino Valley
Central San Bernardino Mountains
East San Bernardino Mountains

CO

NO2

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X
X

X
X
X
X

X
X
X
X
X

X

X
X

X

PM2.5 AND PM10 AIR QUALITY
PM2.5 and PM10 impacts are treated differently than CO and NO2, since, as mentioned earlier,
nearly the entire district exceeds the state or federal PM2.5 and PM10 standards. Therefore, the
incremental PM2.5 and PM10 impacts from construction are derived based on the change in
concentration threshold of 10.4 µg/m3 (24-hour average), which is comparable to the
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requirement in paragraph (d)(4) in SCAQMD Rule 403, which prohibits fugitive dust
concentrations beyond a project’s boundary that exceed 50 µg/m3 (averaged over five hours) (see
footnote #3). PM2.5 and PM10 impacts from operational activities are derived based on the
allowable change in concentration threshold of 2.5 µg/m3 in Table A-2 of Rule 1303 (see
footnote #4). Because the entire district is nonattainment for PM2.5 and PM10, determining
background PM2.5 and PM10 concentrations is unnecessary. However, meteorological
conditions in the source receptor areas will ultimately affect the PM2.5 and PM10 LSTs.
NO2-TO-NOX RATIO
Combustion processes occurring from equipment yield NOX emissions. The two principal NOX
species are nitric oxide (NO) and nitrogen dioxide (NO2), with the vast majority (95 percent) of
the NOX emissions being comprised of NO. Adverse health effects are associated with NO2, not
NO. NO is converted to NO2 by several processes, the two most important of these are (1) the
reaction of NO with ozone and (2) the photochemical reaction of NO with hydrocarbon radical
species. Destruction of NO2 occurs with its photodissociation into NO and molecular oxygen.
NOX emissions are simulated in the air quality dispersion model and the NO2 conversion rate is
treated by an NO2-to-NOX ratio, which is a function of downwind distance. Initially, it is
assumed that only five percent of the emitted NOX is NO2. At 500 meters downwind, 100
percent conversion of NO-to-NO2 is assumed. The assumed NO2-to-NOX ratios between those
distances are presented in Figure 2-5. The NO2 conversion rates are adapted from work by
Arellano et al.5.

1

Ratio

0.8
0.6
0.4
0.2
0
0

1000

2000

3000

4000

5000

Downwind Distance (m)

Figure 2-5. NO2-to-NOX Ratio as a Function of Downwind Distance

5

Arellano, J.V., A.M. Talmon, and P.J.H. Builtjes, 1990.
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Table 2-4. NO2-to-NOX Ratio as a Function of Downwind Distance
Downwind Distance (m)
20
50
70
100
200
500
1000
2000
3000
4000
5000

NO2/NOx Ratio
0.053
0.059
0.064
0.074
0.114
0.258
0.467
0.75
0.9
0.978
1

DERIVING LOCALIZED SIGNIFICANCE THRESHOLDS
Localized Significance Thresholds by Concentration
LSTs by concentrations were used to develop mass rate LSTs. Project proponents, who choose
to perform project specific air quality dispersion modeling, should use LST concentrations to
determine adverse air quality impacts. Project proponents can either follow the procedures
presented below to develop LSTs by concentration or use the tables in Appendix B, and
Rules 403 and 1301.
Gaseous Pollutants (NOx and CO)
To derive the LST concentrations it is necessary to know the concentration of the most stringent
ambient air quality standard and the ambient concentration for the pollutant under consideration
in a specified SRA. The difference between the ambient air quality standard and the peak
ambient concentration in the SRA produces a concentration that is then converted into mass
emissions. The mass emissions result is the maximum amount of emissions a project can emit,
when added to ambient concentrations, without causing or contributing to an exceedance of the
most stringent applicable ambient air quality standard (i.e., background + project contribution).
The resulting mass emissions amount is the LST for the pollutant under consideration for the
specified SRA. The LST concentrations for NOx and CO, which are the differences in
concentration between the most stringent ambient air quality standard and the peak ambient
concentrations for each SRA are shown in Appendix B. The project contribution emissions level
is derived using the following equation:
CPC = CAAQS – Cb

Eq. 2

Where: CPC is the project contribution emission levels in micrograms per cubic meter;
Cb is the background concentration measured at the closest air quality monitoring station
in micrograms per cubic meter; and
CAAQS is the limiting state or federal standards in micrograms per cubic meter.
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Particulate Matter
The LST concentrations for particulate matter are the concentration thresholds presented in
Rules 403 and 1301. The Rule 403 threshold of 10.4 microns per cubic meter applies to
construction activities, and may apply to operational activities at aggregate handling facilities.
The Rule 1301 threshold of 2.5 microns per cubic meter applies to nonaggregate handling
operational activities.
Localized Significance Thresholds by Mass Rate
LSTs represent the maximum emissions from a project that will not cause or contribute to an
exceedance of the most stringent applicable federal or state ambient air quality standard, and are
developed based on the ambient concentrations of that pollutant for each source receptor area.
The mass rate LSTs are estimated using an air dispersion model.
Air Dispersion Modeling
A unit emission rate is the single unit of mass over time or emissions rate (e.g., one gram per
second, one kilogram per second, one pound per hour, one ton per year, etc.). Unit emission
rates are typically developed over established AAQS averaging times or daily operating hours
(i.e., one-hour, eight-hour, 24-hour, etc.). Unit emissions rates are used to normalize the
resulting concentration produced by a dispersion model for ease of calculation. Therefore, ISC3
modeling was performed assuming a one pound per day emission rate over the eight-hour
construction period of 8 a.m. to 4 p.m. The units of the results are in grams per cubic meter, per
pound per day ([ g/m3]/[lb/day]). ISC3 provides peak predicted concentrations at the downwind
distances for the receptor for one-hour, eight-hour, and 24-hour averaging periods.
Calculating Localized Significance Thresholds
Gaseous Pollutants (NOx and CO)
Multiplying the unit emission rate of one-pound per day by the ratio of the project contribution
level to the peak predicted concentration using ISC3 yields the mass rate LST in pounds per day.
Emax = U x (CPC)/Cu)

Eq. 3

Where: Emax is the daily mass rate LST emissions in pounds per eight-hour day;
U is the unit emission rate of one-pound per eight-hour day (one-lb/day);
CPC is the acceptable impact levels in micrograms per cubic meter; and
Cu is the peak predicted concentration in micrograms per cubic meter estimated by ISC3
for a unit emission rate of one-pound per day.
The daily mass rate LSTs in pounds per day are the emission rates that with the background
concentration would equal but not exceed the most stringent AAQS. These allowable maximum
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daily emissions are presented in the mass rate Localized Significance Threshold Screening
Tables in Appendix C.
Particulate Matter
The predicted PM2.5 or PM10 concentration at a given distance in meters from the fence line is
estimated from Equation 1 using the PM2.5 or PM10 concentration at the fence line estimated by
ISC3 for sources with combined unit emission rate of one-pound per day. Equation 4 estimates
the daily mass rate LST emission in pounds per day from the predicted PM2.5 or PM10
concentration at a given distance from the fence line.
Emax = (Crule)/Cx

Eq. 4

Where: Emax is the daily mass rate LST emissions in pounds per eight-hour day;
Crule is the concentration threshold presented in Rule 403 (construction) or 1301
(operation); and
Cx is the predicted PM2.5 or PM10 concentration at x meters from the fence line in
micrograms per cubic meter for a unit emission rate of one-pound per day. (see Eq. 1);
The concentration threshold is taken from either Rule 403 (10.4 microns per cubic meter) for
construction activities or from Rule 1301 (2.5 microns per cubic meter) for operational activities.
These allowable maximum daily PM2.5 or PM10 emissions are presented in the mass rate
Localized Significance Threshold Screening Tables in Appendix C.
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CHAPTER 3
SCREENING TABLES AND THEIR USE
The LST lookup tables provided in Appendix C allow a user to readily determine if the
daily emissions for proposed construction or operational activities could result in
significant localized air quality impacts. If the calculated emissions for the proposed
construction or operational activities are below the LST emission levels found on the
LST lookup tables, then the proposed construction or operation activity is not significant.
Proposed projects whose calculated emission budgets for the proposed construction or
operational activities are above the LST emission levels found in the LST lookup tables
should not assume that the project would necessarily generate adverse impacts. Detailed
emission calculations and/or air dispersion modeling may demonstrate that pollutant
concentrations are below localized significant levels.
The CO, NOX, PM2.5 and PM10 LST lookup tables for each source receptor area are
provided in Appendix C for the 37 source receptor/areas. The CO and NOx LST lookup
tables can be utilized for both construction and operational activities. There are two sets
of PM2.5 and PM10 LST lookup tables: one for construction emissions and one for
operational emissions. The operational emission PM2.5 and PM10 LST lookup tables
were developed based on the allowable change in concentration threshold of 2.5 g/m3 in
Table A-2 of Rule 1303. It is recommended that operational emissions associated with
fugitive dust area sources (e.g., landfills, aggregate material operations) use the PM10
LST lookup tables for operational activities. A lead agency can contact the SCAQMD
staff (ceqa_admin@aqmd.gov) if there are any questions regarding which is the
appropriate PM10 LST lookup tables for area source operational activities.
The tables are first organized by pollutant and then by source/receptor area. Within the
tables, the distance to the nearest receptor is required to properly choose the correct
allowable emission rate. The estimated maximum daily construction and operational
emissions are compared to the allowable emissions to determine significance. If the
projected emission budgets are less than the allowable emissions then significant local
impacts are not expected.
Therefore, the information needed to use the LST lookup tables is as follows:
•

Maximum daily emissions of CO, NOX, PM2.5 and PM10 in pounds per day (lb/day)

•

Distance from the boundary of the proposed project site to the nearest off-site
receptor

•

Geographic location of the construction site in terms of district source/receptor area

This information directs the user to the correct table and table cell. Additional guidance
in each of these three areas is given below:
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ESTIMATE EMISSIONS
The first step in the process is to estimate the maximum daily emissions of CO, NOX,
PM2.5 and PM10. The emissions include only on-site activities and the emission rate
must be expressed in pounds per day. The PM2.5 and PM10 emissions should include
both fugitive dust and exhaust from the stationary/mobile equipment on-site. The
emission rates can be estimated based on project specific equipment categories and
proposed controls.
DETERMINE THE SOURCE/RECEPTOR AREA OF THE PROPOSED
CONSTRUCTION/OPERATIONAL ACTIVITY
On the SCAQMD website is a utility that provides the district source/receptor area for a
given street address (www.aqmd.gov). The user is advised to follow the instructions on
the use of this utility.
ESTIMATE THE RECEPTOR DISTANCE
Receptor locations are off-site locations where persons may be exposed to the emissions
from project activities. Receptor locations include residential, commercial and industrial
land use areas; and any other areas where persons can be situated for an hour or longer at
a time. These other areas include parks, bus stops, and side walks but would not include
the tops of buildings, roadways, or permanent bodies of water such as, oceans or lakes.6
For the purposes of a CEQA analysis, the SCAQMD considers a sensitive receptor to be
to be a receptor such as residence, hospital, convalescent facility were it is possible that
an individual could remain for 24 hours. Commercial and industrial facilities are not
included in the definition of sensitive receptor because employees do not typically remain
onsite for a full 24 hours, but are present for shorter periods of time, such as eight hours.
Therefore, applying a 24-hour standard for PM10 is appropriate not only because the
averaging period for the state standard is 24 hours, but because, according to the
SCAQMD’s definition, the sensitive receptor would be present at the location for the full
24 hours.
Since a sensitive receptor is considered to be present onsite for 24 hours, LSTs based on
shorter averaging times, such as the one-hour NO2 or the one-hour and eight-hour CO
ambient air quality standards, would also apply. However, LSTs based on shorter
averaging periods, such as the NO2 and CO LSTs, could also be applied to receptors such
as industrial or commercial facilities since it is reasonable to assume that a worker at
these sites could be present for periods of one to eight hours. This assumption is
consistent with the CO hotspots modeling protocol, which requires modeling at receptors
that may also include commercial and industrial sites. It is for this reason that the
Methodology paper included commercial and industrial sites when discussing receptor
locations as opposed to sensitive receptors.

6

SCAQMD, Risk Assessment Procedures for Rules 1401 and 212, Version 6.0, 2000. p 8.
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The receptor distance is measured from the boundary of the proposed project site to the
nearest receptor location. Care should be taken when estimating these distances since
allowable emissions increase rapidly with increasing downwind distance. It is acceptable
to linearly interpolate to estimate the allowable emissions between the downwind
distances given in the tables.
The closest receptor distance on the mass rate LST look-up tables is 25 meters. It is
possible that a project may have receptors closer than 25 meters. Projects with
boundaries located closer than 25 meters to the nearest receptor should use the LSTs for
receptors located at 25 meters.
MITIGATION MEASURES
If project emissions exceed the mass rates presented in the LST look-up tables or
allowable air quality impacts based on modeling, CEQA requires lead agencies to
implement feasible mitigation measures, if available, to reduce adverse air quality
impacts. Lead agencies may use the mitigation measures presented in Chapter 11 and its
appendix in the Handbook (1993), other sources, or develop their own mitigation
measures. The CEQA Handbook can be accessed on line at www.aqmd.gov/eg/I4/I4.htm. AQMD staff is available for consultation on mitigation measures to provide
updates or new information, if available, on a project-by-project basis.
LIMITATIONS OF THE SCREENING TABLES
The LST lookup tables were developed to assist lead agencies with a simple tool for
evaluating the impacts from small typical projects. Table 3-1 includes a list of typical
projects. Large industrial projects, such as installation of turbines at power plants are
beyond the scope of these LST lookup tables. LSTs are applicable at the project-specific
level and generally are not applicable to regional projects such as local General Plans
unless specific projects are identified in the General Plans. Regional analyses are more
applicable to the scope of General Plans. Table 3-2 includes typical projects where the
LST lookup tables may not apply.
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Table 3-1. Typical Projects
Apartments
Banks
City Parks
Condo/Townhouses
Convenience Market
Day-Care Center
Discount Clubs
Discount Stores
Electronics Store
Hardware/Paint Store
Home Improvement Store
Hospital
Hotels/Motels
Industrial Building
Libraries
Manufacturing

Medical Office Building
Mobil Home Park
Nursing Home
Office Buildings
Pharmacy/Drug Store
Places of Worship
Racquet/Health Clubs
Regional Shopping Center
Residential Planned Unit Development (PUD)
Restaurants
Retirement Community
Schools (Elementary, Junior High /Middle, High)
Single Family Housing
Strip Mall
Supermarket
University/College

Table 3-2. Typical Projects Where Screening Tables May Not Apply

Project Sites Larger than 5 acres

Projects that require more than one shift

Projects at RECLAIM facilities

Project sites where emissions are
distinctly non-uniform across site

Projects at Title V facilities

Operational sources where fumigation or
building downwash is anticipated

Large Combustion Sources

General Plans

The LST lookup tables are limited to projects with the following parameters:
• Five acres or smaller in size
• Limited to eight-hours of operation per day
• Limited to operations during the day
• It is assumed emission sources are distributed evenly across proposed site
Proposed projects that exceed the above limitations should complete a site specific
localized significance analysis.
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SAMPLE CALCULATIONS
Based on stakeholder comments to ease concerns on potential resource impacts due to
necessary quantification of emissions, a separate technical document was prepared to
illustrate how construction emissions can be calculated for LST impact analysis. The
sample calculations can be used by lead agencies for simlar projects if the projects fall
within the general parameters assumed for the sample projects. A copy of this report can
be found at www.aqmd.gov/eg/I-4/I4.htm. Additional scenarios can be added upon
request for general use and AQMD staff is also available to provide technical assistance
to lead agency staff.
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CHAPTER 4
CONCLUSION
Environmental justice initiatives and revision of the Handbook have focused attention on
localized adverse effects of proposed projects on air quality. In order to address potential
localized impacts this proposal attempts to establish the thresholds reflecting existing air
quality. The cleaner the air is in a local area, the greater emissions increment it can
afford without causing or contributing to an exceedance of the most stringent ambient air
quality standard. If the existing air quality is not yet in compliance with the air quality
standards, all areas are subject to generally equivalent LSTs
Historically assessing localized air quality impacts required using complex dispersion
models. Therefore, to address the issue of localized significance, yet be sensitive to the
fact that other public agencies might not have the expertise or adequate financial
resources to perform dispersion modeling, in addition to the methodology itself,
SCAQMD staff developed localized significant threshold similar to the regional
significance thresholds, that is, based on the amount of pounds of emissions per day
generated by a proposed project that would cause or contribute to adverse localized air
quality impacts. These projects are assumed to be less than five acres in size. Emissions
were assumed to be uniformly distributed across a flat proposed project site over an
eight-hour workday. Receptors distances are measured in meters from the proposed
project boundary. The same emissions estimated for regional significant thresholds
should be compared to allowable emissions presented the LST lookup tables for the
source/receptor area closest to the proposed project.
Screening procedures are by design conservative, that is, the predicted impacts tend to
overestimate the actual impacts. If the predicted impacts are acceptable using the LST
approach presented here, then a more detailed evaluation is not necessary. However, if
the predicted impacts are significant, then the project proponent may wish to perform a
more detailed emission and/or modeling analysis before concluding that the impacts are
significant. Project proponents are not required to use this LST procedure; and may
complete site specific modeling instead.

Final Localized Significance Threshold Methodology

4-1

June 2003, Revised July 2008

Chapter 5 – Reference

CHAPTER 5
REFERENCES

Arellano, J.V., A.M. Talmon, and P.J.H. Builtjes, “A Chemically Reactive Plume Model
for the NO-NO2-O3 System,” Atmospheric Environment 24A, 2237-2246
Desert Research Institute, Final Effectiveness Demonstration of Fugitive Dust Control
Methods for Public Unpaved Roads and Unpaved Shoulders on Paved Roads,
DRI Document No. 685-5200.1F1, prepared for CARB CRPAQS, December 31,
1996.
SCAQMD, CEQA Air Quality Handbook, April 1993.
SCAQMD, Risk Assessment Procedures for Rules 1401 and 212, Version 6.0, August 18,
2002.
USEPA, User’s Guide for the Industrial Source Complex (ISC3) Dispersion Models,
Volume I and II, EPA-454/B-95-003, September, 1995.

Final Localized Significance Threshold Methodology

5-1

June 2003, Revised July 2008

APPENDIX A

PEAK BACKGROUND CONCENTRATIONS
FOR THE 1999–2001 PERIOD

The peak concentrations in this appendix were the most recent concentrations available at
the time the LSTs were developed. The CEQA practitioner should refer to the peak
concentrations in the most recent three-year period.

Appendix A

Table A-1
Peak Background Concentrations for the 1999-2001 Perioda
Source/
Receptor
Area
1

Pollutant

Averaging
Time

Units

1999
Conc.

2000
Conc.

2001
Conc.

Max
Conc.

Central LA

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.21
7.00
6.30

0.16
7.00
6.00

0.14
6.00
4.57

0.21
7.00
6.30

2

Northwest Coastal LA County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.13
6.00
3.80

0.16
6.00
4.30

0.11
4.00
3.00

0.16
6.00
4.30

3

Southwest Coastal LA County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.13
10.00
8.40

0.13
9.00
7.00

0.11
7.00
5.14

0.13
10.00
8.40

4

South Coastal LA County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.15
7.00
5.40

0.14
10.00
5.80

0.13
6.00
4.71

0.15
10.00
5.80

6

West San Fernando Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.12
9.00
7.60

0.11
11.00
9.80

0.09
7.00
6.00

0.12
11.00
9.80

7

East San Fernando Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.18
9.00
9.00

0.17
8.00
6.10

0.25
6.00
4.88

0.25
9.00
9.00

Air Quality Site

a) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table A-1 (Continued)
Peak Background Concentrations for the 2000-2002 Perioda
Source/
Receptor
Area
1

Pollutant

Averaging
Time

Units

2000
Conc.

2001
Conc.

2002
Conc.

Max
Conc.

Central LA

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.16
7.00
6.00

0.14
6.00
4.57

0.14
5.00
4.00

0.16
7.00
6.00

2

Northwest Coastal LA County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.16
6.00
4.30

0.11
4.00
3.00

0.11
4.00
2.70

0.16
6.00
4.30

3

Southwest Coastal LA County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.13
9.00
7.00

0.11
7.00
5.14

0.10
7.00
6.10

0.13
9.00
7.00

4

South Coastal LA County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.14
10.00
5.80

0.13
6.00
4.71

0.13
6.00
4.60

0.14
10.00
5.80

6

West San Fernando Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.11
11.00
9.80

0.09
7.00
6.00

0.09
6.00
4.80

0.11
11.00
9.80

7

East San Fernando Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.17
8.00
6.10

0.25
6.00
4.88

0.26
6.00
4.60

0.26
8.00
6.10

Air Quality Site

a) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table A-1 (Continued)
Peak Background Concentrations for the 2000-2002 Perioda
Source/
Receptor
Area
8

Pollutant

Averaging
Time

Units

2000
Conc.

2001
Conc.

2002
Conc.

Max
Conc.

West San Gabriel Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.17
9.00
7.40

0.15
7.00
5.00

0.15
6.00
4.00

0.17
9.00
7.40

9

East San Gabriel Valley 1

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.15
5.00
4.90

0.12
3.00
2.88

0.12
4.00
2.40

0.15
5.00
4.90

9

East San Gabriel Valley 2

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.13
4.00
3.10

0.12
3.00
2.50

0.10
5.00
2.30

0.13
5.00
3.10

10

Pomona/Walnut Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.14
7.00
4.90

0.13
5.00
3.43

0.11
6.00
3.30

0.14
7.00
4.90

11

South San Gabriel Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.14
7.00
5.30

0.14
6.00
4.00

0.12
5.00
4.00

0.14
7.00
5.30

12

South Central LA County 1

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.14
13.00
10.00

0.15
12.00
7.71

0.14
16.00
10.10

0.15
16.00
10.10

Air Quality Site

a) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table A-1 (Continued)
Peak Background Concentrations for the 2000-2002 Perioda
Source/
Receptor
Area
12

Pollutant

Averaging
Time

Units

2000
Conc.

2001
Conc.

2002
Conc.

Max
Conc.

South Central LA County 2

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.11
13.00
9.50

----

----

0.11
13.00
9.50

13

Santa Clarita Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.10
6.00
4.90

0.10
6.00
3.14

0.10
3.00
1.90

0.10
6.00
4.90

16

North Orange County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.12
14.00
6.10

0.13
11.00
4.71

0.12
10.00
4.40

0.13
14.00
6.10

17

Central Orange County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.13
8.00
6.80

0.12
8.00
4.71

0.10
7.00
5.40

0.13
8.00
6.80

18

North Coastal Orange County

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.11
8.00
6.30

0.08
6.00
4.57

0.11
5.00
4.30

0.11
8.00
6.30

19

Saddleback Valley 1

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

-5.00
2.30

----

----

0.00
5.00
2.30

Air Quality Site

a) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table A-1 (Continued)
Peak Background Concentrations for the 2000-2002 Perioda
Source/
Receptor
Area
19

Pollutant

Averaging
Time

Units

2000
Conc.

2001
Conc.

2002
Conc.

Max
Conc.

Saddleback Valley 2

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

-4.00
3.30

-3.00
2.38

-3.00
3.60

0.00
4.00
3.60

22

Norco/Corona

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

----

----

----

0.00
8.00
4.30

23

Metropolitan Riverside County 1

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.10
5.00
4.30

0.15
5.00
3.43

0.10
8.00
3.00

0.15
8.00
4.30

23

Metropolitan Riverside County 2

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

-9.00
4.30

-6.00
4.50

-7.00
3.90

0.00
8.00
4.50

24

Perris Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

----

----

----

0.00
8.00
4.50

25

Lake Elsinore

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.08
4.00
2.00

0.09
2.00
2.00

0.07
3.00
2.00

0.09
4.00
2.00

Air Quality Site

a) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table A-1 (Continued)
Peak Background Concentrations for the 2000-2002 Perioda
Source/
Receptor
Area
29

Air Quality Site

Pollutant

Averaging
Time

Units

2000
Conc.

2001
Conc.

2002
Conc.

Max
Conc.

Banning Airport

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.21
---

0.24
---

0.15
---

0.24
3.00
0.00

30

Coachella Valley 1**

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.07
3.00
1.60

0.08
2.00
1.50

0.10
2.00
1.20

0.10
3.00
1.60

30

Coachella Valley 2**

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.06
3.00
2.10

0.00
---

----

0.06
3.00
2.10

32

Northwest San Bernardino Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.15
4.00
2.60

0.13
3.00
1.75

0.12
4.00
1.60

0.15
4.00
2.60

33

Southwest San Bernardino Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

----

----

----

0.00
4.00
2.60

34

Central San Bernardino Valley 1

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.12
---

0.13
---

0.12
---

0.13
4.00
2.60

a) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table A-1 (Concluded)
Peak Background Concentrations for the 2000-2002 Perioda
Source/
Receptor
Area
34

Pollutant

Averaging
Time

Units

2000
Conc.

2001
Conc.

2002
Conc.

Max
Conc.

Central San Bernardino Valley 2

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

0.10
5.00
4.30

0.11
4.00
3.25

0.11
5.00
3.30

0.11
5.00
4.30

35

East San Bernardino Valley

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

----

----

----

0.00
5.00
4.30

37

Central San Bernardino Mountains

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

----

----

----

0.00
5.00
4.30

38

East San Bernardino Mountains

NOx
CO
CO

1-hr
1-hr
8-hr

ppm
ppm
pphm

----

----

----

0.00
5.00
4.30

Air Quality Site

a) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.

Final Localized Significance Threshold Methodology

A-7

June 2003, Revised July 2008

APPENDIX B

DIFFERENCES BETWEEN THE MOST STRINGENT
AMBIENT AIR QUALITY STANDARD AND AMBIENT
CONCENTRATIONS FOR EACH SRA FOR THE
1999–2001 PERIOD

The peak concentrations in this appendix were the most recent concentrations available at the
time the LSTs were developed. The CEQA practitioner should refer to the peak concentrations
in the most recent three-year period.
The current NO2 State AAQS is 0.18 ppm as of March 20, 2008. Table B-1 was prepared when
the NO2 State AAQS was 0.025.

Appendix B

Table B-1
Difference in Concentration for the 2000-2002 Period
Source/
Receptor
Area
1

Pollutant

Averaging
Time

AAQSa
(ppm)

Observedb
(ppm)

Difference
(ppm)

Difference
(ug/m3)

Central LA

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.16
7
6

0.09
13
3

170
14,950
3,444

2

Northwest Coastal LA County

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.16
6
4.3

0.09
14
4.7

170
16,100
5,396

3

Southwest Coastal LA County

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.13
9
7

0.12
11
2

226
12,650
2,296

4

South Coastal LA County

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.14
10
5.8

0.11
10
3.2

207
11,500
3,674

6

West San Fernando Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.11
11
9.8

0.14
9
0.45

264
10,350
517

7

East San Fernando Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.26
8
6.1

0.01
12
2.9

19
13,800
3,329

Air Quality Site

a) The current NO2 State AAQS is 0.18 ppm as of March 20, 2008. Table B-1 was prepared when the NO2 State AAQS was 0.25 ppm.
b) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Appendix B

Table B-1 (Continued)
Difference in Concentration for the 2000-2002 Period

Source/
Receptor
Area
8

Pollutant

Averaging
Time

AAQSa
(ppm)

Observedb
(ppm)

Difference
(ppm)

Difference
(ug/m3)

West San Gabriel Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.17
9
7.4

0.08
11
1.6

151
12,650
1,837

9

East San Gabriel Valley 1

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.15
5
4.9

0.1
15
4.1

189
17,250
4,707

9

East San Gabriel Valley 2

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.13
5
3.1

0.12
15
5.9

226
17,250
6,773

10

Pomona/Walnut Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.14
7
4.9

0.11
13
4.1

207
14,950
4,707

11

South San Gabriel Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.14
7
5.3

0.11
13
3.7

207
14,950
4,248

12

South Central LA County 1

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.15
16
10.1

0.1
4
0.45

189
4,600
517

Air Quality Site

a) The current NO2 State AAQS is 0.18 ppm as of March 20, 2008. Table B-1 was prepared when the NO2 State AAQS was 0.25 ppm.
b) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Appendix B

Table B-1 (Continued)
Difference in Concentration for the 2000-2002 Period

Source/
Receptor
Area
12

Pollutant

Averaging
Time

AAQSa
(ppm)

Observedb
(ppm)

Difference
(ppm)

Difference
(ug/m3)

South Central LA County 2

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.11
13
9.5

0.14
7
0.45

264
8,050
517

13

Santa Clarita Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.1
6
4.9

0.15
14
4.1

283
16,100
4,707

16

North Orange County

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.13
14
6.1

0.12
6
2.9

226
6,900
3,329

17

Central Orange County

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.13
8
6.8

0.12
12
2.2

226
13,800
2,526

18

North Coastal Orange County

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.11
8
6.3

0.14
12
2.7

264
13,800
3,100

19

Saddleback Valley 1

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
5
2.3

-15
6.7

264
17,250
7,692

Air Quality Site

a) The current NO2 State AAQS is 0.18 ppm as of March 20, 2008. Table B-1 was prepared when the NO2 State AAQS was 0.25 ppm.
b) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table B-1 (Continued)
Difference in Concentration for the 2000-2002 Period

Source/
Receptor
Area
19

Pollutant

Averaging
Time

AAQSa
(ppm)

Observedb
(ppm)

Difference
(ppm)

Difference
(ug/m3)

Saddleback Valley 2

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
4
3.6

-16
5.4

264
18,400
6,199

22

Norco/Corona

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
8
4.3

-12
4.7

189
13,800
5,396

23

Metropolitan Riverside County 1

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.15
8
4.3

0.1
12
4.7

189
13,800
5,396

23

Metropolitan Riverside County 2

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
8
4.5

-12
4.5

189
13,800
5,166

24

Perris Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
8
4.5

-12
4.5

189
13,800
5,166

25

Lake Elsinore

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.09
4
2

0.16
16
7

302
18,400
8,036

Air Quality Site

a) The current NO2 State AAQS is 0.18 ppm as of March 20, 2008. Table B-1 was prepared when the NO2 State AAQS was 0.25 ppm.
b) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table B-1 (Continued)
Difference in Concentration for the 2000-2002 Period

Source/
Receptor
Area
29

Air Quality Site

Pollutant

Averaging
Time

AAQSa
(ppm)

Observedb
(ppm)

Difference
(ppm)

Difference
(ug/m3)

Banning Airport

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.24
3
0

0.01
17
9

19
19,550
10,332

30

Coachella Valley 1**

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.1
3
1.6

0.15
17
7.4

283
19,550
8,495

30

Coachella Valley 2**

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.06
3
2.1

0.19
17
6.9

358
19,550
7,921

32

Northwest San Bernardino Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.15
4
2.6

0.1
16
6.4

189
18,400
7,347

33

Southwest San Bernardino Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
4
2.6

-16
6.4

189
18,400
7,347

34

Central San Bernardino Valley 1

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.13
4
2.6

0.12
16
6.4

226
18,400
7,347

a) The current NO2 State AAQS is 0.18 ppm as of March 20, 2008. Table B-1 was prepared when the NO2 State AAQS was 0.25 ppm.
b) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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Table B-1 (Concluded)
Difference in Concentration for the 2000-2002 Period

Source/
Receptor
Area
34

Pollutant

Averaging
Time

AAQSa
(ppm)

Observedb
(ppm)

Difference
(ppm)

Difference
(ug/m3)

Central San Bernardino Valley 2

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0.11
5
4.3

0.14
15
4.7

264
17,250
5,396

35

East San Bernardino Valley

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
5
4.3

-15
4.7

264
17,250
5,396

37

Central San Bernardino Mountains

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
5
4.3

-15
4.7

264
17,250
5,396

38

East San Bernardino Mountains

NO2
CO
CO

1-hr
1-hr
8-hr

0.25
20
9

0
5
4.3

-15
4.7

264
17,250
5,396

Air Quality Site

a) The current NO2 State AAQS is 0.18 ppm as of March 20, 2008. Table B-1 was prepared when the NO2 State AAQS was 0.25 ppm.
b) The peak concentrations in this appendix were the most recent concentrations available at the time the LSTs were developed. The CEQA practitioner should
refer to the peak concentrations in the most recent three-year period.
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APPENDIX C

LOCALIZED SIGNIFICANCE THRESHOLD
TABLES

The LST mass rate look-up tables are updated annually with the most recent air quality
monitoring data. The latest version of the tables can be downloaded from the SCAQMD
website at http://www.aqmd.gov/ceqa/handbook/LST/LST.html. Original hard copies of
the mass rate LST look-up tables can be obtained through the SCAQMD Public
Information Center at the Diamond Bar headquarters or by calling (909) 396-2039.

