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3.2 Paper Plan Submissions 

(a) The EPA requires that the submission 
option of submitting one paper plan must be 
accompanied by an electronic duplicate of 
the entire paper submission, preferably as a 
word searchable portable document format 
(PDF), at the same time the paper copy is 
submitted. The electronic duplicate should 
be made available through email, from a File 
Transfer Protocol (FTP) site, from the State 
Web site, on a Universal Serial Bus (USB) 
flash drive, on a compact disk, or using an-
other format agreed upon by the State and 
Regional Office. 

(b) If a state prefers the submission option 
of submitting three paper copies and has no 
means of making an electronic copy avail-
able to EPA, EPA requests that the state 
confer with its EPA Regional Office regard-
ing additional guidelines for submitting the 
plan to EPA. 

[55 FR 5830, Feb. 16, 1990, as amended at 56 
FR 42219, Aug. 26, 1991; 56 FR 57288, Nov. 8, 
1991; 72 FR 38793, July 16, 2007; 80 FR 7340, 
Feb. 10, 2015] 

APPENDIX W TO PART 51—GUIDELINE ON 
AIR QUALITY MODELS 

PREFACE 

a. Industry and control agencies have long 
expressed a need for consistency in the appli-
cation of air quality models for regulatory 
purposes. In the 1977 Clean Air Act (CAA), 
Congress mandated such consistency and en-
couraged the standardization of model appli-
cations. The Guideline on Air Quality Models 
(hereafter, Guideline) was first published in 
April 1978 to satisfy these requirements by 
specifying models and providing guidance for 
their use. The Guideline provides a common 
basis for estimating the air quality con-
centrations of criteria pollutants used in as-
sessing control strategies and developing 
emissions limits. 

b. The continuing development of new air 
quality models in response to regulatory re-
quirements and the expanded requirements 
for models to cover even more complex prob-
lems have emphasized the need for periodic 
review and update of guidance on these tech-
niques. Historically, three primary activities 
have provided direct input to revisions of the 
Guideline. The first is a series of periodic 
EPA workshops and modeling conferences 
conducted for the purpose of ensuring con-
sistency and providing clarification in the 
application of models. The second activity 
was the solicitation and review of new mod-
els from the technical and user community. 
In the March 27, 1980, FEDERAL REGISTER, a 
procedure was outlined for the submittal to 
the EPA of privately developed models. After 
extensive evaluation and scientific review, 
these models, as well as those made avail-

able by the EPA, have been considered for 
recognition in the Guideline. The third activ-
ity is the extensive on-going research efforts 
by the EPA and others in air quality and me-
teorological modeling. 

c. Based primarily on these three activi-
ties, new sections and topics have been in-
cluded as needed. The EPA does not make 
changes to the guidance on a predetermined 
schedule, but rather on an as-needed basis. 
The EPA believes that revisions of the Guide-
line should be timely and responsive to user 
needs and should involve public participa-
tion to the greatest possible extent. All fu-
ture changes to the guidance will be pro-
posed and finalized in the FEDERAL REG-
ISTER. Information on the current status of 
modeling guidance can always be obtained 
from the EPA’s Regional Offices. 
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1.0 INTRODUCTION 

a. The Guideline provides air quality mod-
eling techniques that should be applied to 
State Implementation Plan (SIP) submittals 
and revisions, to New Source Review (NSR), 
including new or modifying sources under 
Prevention of Significant Deterioration 
(PSD),1 2 3 conformity analyses,4 and other 
air quality assessments required under EPA 
regulation. Applicable only to criteria air 
pollutants, the Guideline is intended for use 
by the EPA Regional Offices in judging the 
adequacy of modeling analyses performed by 
the EPA, by state, local, and tribal permit-
ting authorities, and by industry. It is appro-
priate for use by other federal government 
agencies and by state, local, and tribal agen-
cies with air quality and land management 
responsibilities. The Guideline serves to iden-
tify, for all interested parties, those mod-
eling techniques and databases that the EPA 
considers acceptable. The Guideline is not in-
tended to be a compendium of modeling 
techniques. Rather, it should serve as a com-
mon measure of acceptable technical anal-
ysis when supported by sound scientific judg-
ment. 

b. Air quality measurements 5 are rou-
tinely used to characterize ambient con-
centrations of criteria pollutants throughout 
the nation but are rarely sufficient for char-
acterizing the ambient impacts of individual 
sources or demonstrating adequacy of emis-
sions limits for an existing source due to 
limitations in spatial and temporal coverage 
of ambient monitoring networks. The im-
pacts of new sources that do not yet exist, 
and modifications to existing sources that 
have yet to be implemented, can only be de-
termined through modeling. Thus, models 
have become a primary analytical tool in 
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most air quality assessments. Air quality 
measurements can be used in a complemen-
tary manner to air quality models, with due 
regard for the strengths and weaknesses of 
both analysis techniques, and are particu-
larly useful in assessing the accuracy of 
model estimates. 

c. It would be advantageous to categorize 
the various regulatory programs and to 
apply a designated model to each proposed 
source needing analysis under a given pro-
gram. However, the diversity of the nation’s 
topography and climate, and variations in 
source configurations and operating charac-
teristics dictate against a strict modeling 
‘‘cookbook.’’ There is no one model capable 
of properly addressing all conceivable situa-
tions even within a broad category such as 
point sources. Meteorological phenomena as-
sociated with threats to air quality stand-
ards are rarely amenable to a single mathe-
matical treatment; thus, case-by-case anal-
ysis and judgment are frequently required. 
As modeling efforts become more complex, it 
is increasingly important that they be di-
rected by highly competent individuals with 
a broad range of experience and knowledge in 
air quality meteorology. Further, they 
should be coordinated closely with special-
ists in emissions characteristics, air moni-
toring and data processing. The judgment of 
experienced meteorologists, atmospheric sci-
entists, and analysts is essential. 

d. The model that most accurately esti-
mates concentrations in the area of interest 
is always sought. However, it is clear from 
the needs expressed by the EPA Regional Of-
fices, by state, local, and tribal agencies, by 
many industries and trade associations, and 
also by the deliberations of Congress, that 
consistency in the selection and application 
of models and databases should also be 
sought, even in case-by-case analyses. Con-
sistency ensures that air quality control 
agencies and the general public have a com-
mon basis for estimating pollutant con-
centrations, assessing control strategies, and 
specifying emissions limits. Such consist-
ency is not, however, promoted at the ex-
pense of model and database accuracy. The 
Guideline provides a consistent basis for se-
lection of the most accurate models and 
databases for use in air quality assessments. 

e. Recommendations are made in the 
Guideline concerning air quality models and 
techniques, model evaluation procedures, 
and model input databases and related re-
quirements. The guidance provided here 
should be followed in air quality analyses 
relative to SIPs, NSR, and in supporting 
analyses required by the EPA and by state, 
local, and tribal permitting authorities. Spe-
cific models are identified for particular ap-
plications. The EPA may approve the use of 
an alternative model or technique that can 
be demonstrated to be more appropriate than 
those recommended in the Guideline. In all 

cases, the model or technique applied to a 
given situation should be the one that pro-
vides the most accurate representation of at-
mospheric transport, dispersion, and chem-
ical transformations in the area of interest. 
However, to ensure consistency, deviations 
from the Guideline should be carefully docu-
mented as part of the public record and fully 
supported by the appropriate reviewing au-
thority, as discussed later. 

f. From time to time, situations arise re-
quiring clarification of the intent of the 
guidance on a specific topic. Periodic work-
shops are held with EPA headquarters, EPA 
Regional Offices, and state, local, and tribal 
agency modeling representatives to ensure 
consistency in modeling guidance and to pro-
mote the use of more accurate air quality 
models, techniques, and databases. The 
workshops serve to provide further expla-
nations of Guideline requirements to the EPA 
Regional Offices and workshop materials are 
issued with this clarifying information. In 
addition, findings from ongoing research pro-
grams, new model development, or results 
from model evaluations and applications are 
continuously evaluated. Based on this infor-
mation, changes in the applicable guidance 
may be indicated and appropriate revisions 
to the Guideline may be considered. 

g. All changes to the Guideline must follow 
rulemaking requirements since the Guideline 
is codified in appendix W to 40 Code of Fed-
eral Regulations (CFR) part 51. The EPA will 
promulgate proposed and final rules in the 
FEDERAL REGISTER to amend this appendix. 
The EPA utilizes the existing procedures 
under CAA section 320 that requires the EPA 
to conduct a Conference on Air Quality Mod-
eling at least every 3 years (CAA 320, 42 
U.S.C. 7620). These modeling conferences are 
intended to develop standardized air quality 
modeling procedures and form the basis for 
associated revisions to this Guideline in sup-
port of the EPA’s continuing effort to pre-
scribe with ‘‘reasonable particularity’’ air 
quality models and meteorological and emis-
sion databases suitable for modeling Na-
tional Ambient Air Quality Standards 
(NAAQS) 6 and PSD increments. Ample op-
portunity for public comment will be pro-
vided for each proposed change and public 
hearings scheduled. 

h. A wide range of topics on modeling and 
databases are discussed in the Guideline. Sec-
tion 2 gives an overview of models and their 
suitability for use in regulatory applica-
tions. Section 3 provides specific guidance on 
the determination of preferred air quality 
models and on the selection of alternative 
models or techniques. Sections 4 through 6 
provide recommendations on modeling tech-
niques for assessing criteria pollutant im-
pacts from single and multiple sources with 
specific modeling requirements for selected 
regulatory applications. Section 7 discusses 
general considerations common to many 
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modeling analyses for stationary and mobile 
sources. Section 8 makes recommendations 
for data inputs to models including source, 
background air quality, and meteorological 
data. Section 9 summarizes how estimates 
and measurements of air quality are used in 
assessing source impact and in evaluating 
control strategies. 

i. Appendix W to 40 CFR part 51 contains 
an appendix: Appendix A. Thus, when ref-
erence is made to ‘‘appendix A’’ in this docu-
ment, it refers to appendix A to appendix W 
to 40 CFR part 51. Appendix A contains sum-
maries of refined air quality models that are 
‘‘preferred’’ for particular applications; both 
EPA models and models developed by others 
are included. 

2.0 OVERVIEW OF MODEL USE 

a. Increasing reliance has been placed on 
concentration estimates from air quality 
models as the primary basis for regulatory 
decisions concerning source permits and 
emission control requirements. In many sit-
uations, such as review of a proposed new 
source, no practical alternative exists. Be-
fore attempting to implement the guidance 
contained in this document, the reader 
should be aware of certain general informa-
tion concerning air quality models and their 
evaluation and use. Such information is pro-
vided in this section. 

2.1 Suitability of Models 

a. The extent to which a specific air qual-
ity model is suitable for the assessment of 
source impacts depends upon several factors. 
These include: (1) The topographic and mete-
orological complexities of the area; (2) the 
detail and accuracy of the input databases, 
i.e., emissions inventory, meteorological 
data, and air quality data; (3) the manner in 
which complexities of atmospheric processes 
are handled in the model; (4) the technical 
competence of those undertaking such sim-
ulation modeling; and (5) the resources avail-
able to apply the model. Any of these factors 
can have a significant influence on the over-
all model performance, which must be thor-
oughly evaluated to determine the suit-
ability of an air quality model to a par-
ticular application or range of applications. 

b. Air quality models are most accurate 
and reliable in areas that have gradual tran-
sitions of land use and topography. Meteoro-
logical conditions in these areas are spa-
tially uniform such that observations are 
broadly representative and air quality model 
projections are not further complicated by a 
heterogeneous environment. Areas subject to 
major topographic influences experience me-
teorological complexities that are often dif-
ficult to measure and simulate. Models with 
adequate performance are available for in-
creasingly complex environments. However, 
they are resource intensive and frequently 

require site-specific observations and formu-
lations. Such complexities and the related 
challenges for the air quality simulation 
should be considered when selecting the 
most appropriate air quality model for an 
application. 

c. Appropriate model input data should be 
available before an attempt is made to 
evaluate or apply an air quality model. As-
suming the data are adequate, the greater 
the detail with which a model considers the 
spatial and temporal variations in meteoro-
logical conditions and permit-enforceable 
emissions, the greater the ability to evaluate 
the source impact and to distinguish the ef-
fects of various control strategies. 

d. There are three types of models that 
have historically been used in the regulatory 
demonstrations applicable in the Guideline, 
each having strengths and weaknesses that 
lend themselves to particular regulatory ap-
plications. 

i. Gaussian plume models use a ‘‘steady- 
state’’ approximation, which assumes that 
over the model time step, the emissions, me-
teorology and other model inputs, are con-
stant throughout the model domain, result-
ing in a resolved plume with the emissions 
distributed throughout the plume according 
to a Gaussian distribution. This formulation 
allows Gaussian models to estimate near- 
field impacts of a limited number of sources 
at a relatively high resolution, with tem-
poral scales of an hour and spatial scales of 
meters. However, this formulation allows for 
only relatively inert pollutants, with very 
limited considerations of transformation and 
removal (e.g., deposition), and further limits 
the domain for which the model may be used. 
Thus, Gaussian models may not be appro-
priate if model inputs are changing sharply 
over the model time step or within the de-
sired model domain, or if more advanced 
considerations of chemistry are needed. 

ii. Lagrangian puff models, on the other 
hand, are non-steady-state, and assume that 
model input conditions are changing over 
the model domain and model time step. 
Lagrangian models can also be used to deter-
mine near- and far-field impacts from a lim-
ited number of sources. Traditionally, 
Lagrangian models have been used for rel-
atively inert pollutants, with slightly more 
complex considerations of removal than 
Gaussian models. Some Lagrangian models 
treat in-plume gas and particulate chem-
istry. However, these models require time 
and space varying concentration fields of 
oxidants and, in the case of fine particulate 
matter (PM2.5), neutralizing agents, such as 
ammonia. Reliable background fields are 
critical for applications involving secondary 
pollutant formation because secondary im-
pacts generally occur when in-plume precur-
sors mix and react with species in the back-
ground atmosphere.z7 8 These oxidant and 
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neutralizing agents are not routinely meas-
ured, but can be generated with a three-di-
mensional photochemical grid model. 

iii. Photochemical grid models are three- 
dimensional Eulerian grid-based models that 
treat chemical and physical processes in 
each grid cell and use diffusion and transport 
processes to move chemical species between 
grid cells.9 Eulerian models assume that 
emissions are spread evenly throughout each 
model grid cell. At coarse grid resolutions, 
Eulerian models have difficulty with fine 
scale resolution of individual plumes. How-
ever, these types of models can be appro-
priately applied for assessment of near-field 
and regional scale reactive pollutant im-
pacts from specific sources 7 10 11 12 or all 
sources.13 14 15 Photochemical grid models 
simulate a more realistic environment for 
chemical transformation,7 12 but simulations 
can be more resource intensive than 
Lagrangian or Gaussian plume models. 

e. Competent and experienced meteorolo-
gists, atmospheric scientists, and analysts 
are an essential prerequisite to the success-
ful application of air quality models. The 
need for such specialists is critical when so-
phisticated models are used or the area has 
complicated meteorological or topographic 
features. It is important to note that a 
model applied improperly or with inappro-
priate data can lead to serious misjudgments 
regarding the source impact or the effective-
ness of a control strategy. 

f. The resource demands generated by use 
of air quality models vary widely depending 
on the specific application. The resources re-
quired may be important factors in the selec-
tion and use of a model or technique for a 
specific analysis. These resources depend on 
the nature of the model and its complexity, 
the detail of the databases, the difficulty of 
the application, the amount and level of ex-
pertise required, and the costs of manpower 
and computational facilities. 

2.1.1 Model Accuracy and Uncertainty 

a. The formulation and application of air 
quality models are accompanied by several 
sources of uncertainty. ‘‘Irreducible’’ uncer-
tainty stems from the ‘‘unknown’’ condi-
tions, which may not be explicitly accounted 
for in the model (e.g., the turbulent velocity 
field). Thus, there are likely to be deviations 
from the observed concentrations in indi-
vidual events due to variations in the un-
known conditions. ‘‘Reducible’’ uncertain-
ties 16 are caused by: (1) Uncertainties in the 
‘‘known’’ input conditions (e.g., emission 
characteristics and meteorological data); (2) 
errors in the measured concentrations; and 
(3) inadequate model physics and formula-
tion. 

b. Evaluations of model accuracy should 
focus on the reducible uncertainty associ-
ated with physics and the formulation of the 
model. The accuracy of the model is nor-

mally determined by an evaluation proce-
dure which involves the comparison of model 
concentration estimates with measured air 
quality data.17 The statement of model accu-
racy is based on statistical tests or perform-
ance measures such as bias, error, correla-
tion, etc.18 19 

c. Since the 1980’s, the EPA has worked 
with the modeling community to encourage 
development of standardized model evalua-
tion methods and the development of contin-
ually improved methods for the character-
ization of model performance.16 18 20 21 22 
There is general consensus on what should be 
considered in the evaluation of air quality 
models; namely, quality assurance planning, 
documentation and scrutiny should be con-
sistent with the intended use and should in-
clude: 

• Scientific peer review; 
• Supportive analyses (diagnostic evalua-

tions, code verification, sensitivity anal-
yses); 

• Diagnostic and performance evaluations 
with data obtained in trial locations; and 

• Statistical performance evaluations in 
the circumstances of the intended applica-
tions. 

Performance evaluations and diagnostic 
evaluations assess different qualities of how 
well a model is performing, and both are 
needed to establish credibility within the cli-
ent and scientific community. 

d. Performance evaluations allow the EPA 
and model users to determine the relative 
performance of a model in comparison with 
alternative modeling systems. Diagnostic 
evaluations allow determination of a model 
capability to simulate individual processes 
that affect the results, and usually employ 
smaller spatial/temporal scale data sets (e.g., 
field studies). Diagnostic evaluations enable 
the EPA and model users to build confidence 
that model predictions are accurate for the 
right reasons. However, the objective com-
parison of modeled concentrations with ob-
served field data provides only a partial 
means for assessing model performance. Due 
to the limited supply of evaluation datasets, 
there are practical limits in assessing model 
performance. For this reason, the conclu-
sions reached in the science peer reviews and 
the supportive analyses have particular rel-
evance in deciding whether a model will be 
useful for its intended purposes. 

2.2 Levels of Sophistication of Air Quality 
Analyses and Models 

a. It is desirable to begin an air quality 
analysis by using simplified and conserv-
ative methods followed, as appropriate, by 
more complex and refined methods. The pur-
pose of this approach is to streamline the 
process and sufficiently address regulatory 
requirements by eliminating the need of 
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more detailed modeling when it is not nec-
essary in a specific regulatory application. 
For example, in the context of a PSD permit 
application, a simplified and conservative 
analysis may be sufficient where it shows 
the proposed construction clearly will not 
cause or contribute to ambient concentra-
tions in excess of either the NAAQS or the 
PSD increments.2 3 

b. There are two general levels of sophis-
tication of air quality models. The first level 
consists of screening models that provide 
conservative modeled estimates of the air 
quality impact of a specific source or source 
category based on simplified assumptions of 
the model inputs (e.g., preset, worst-case me-
teorological conditions). In the case of a PSD 
assessment, if a screening model indicates 
that the increase in concentration attrib-
utable to the source could cause or con-
tribute to a violation of any NAAQS or PSD 
increment, then the second level of more so-
phisticated models should be applied unless 
appropriate controls or operational restric-
tions are implemented based on the screen-
ing modeling. 

c. The second level consists of refined mod-
els that provide more detailed treatment of 
physical and chemical atmospheric proc-
esses, require more detailed and precise 
input data, and provide spatially and tem-
porally resolved concentration estimates. As 
a result, they provide a more sophisticated 
and, at least theoretically, a more accurate 
estimate of source impact and the effective-
ness of control strategies. 

d. There are situations where a screening 
model or a refined model is not available 
such that screening and refined modeling are 
not viable options to determine source-spe-
cific air quality impacts. In such situations, 
a screening technique or reduced-form model 
may be viable options for estimating source 
impacts. 

i. Screening techniques are differentiated 
from a screening model in that screening 
techniques are approaches that make sim-
plified and conservative assumptions about 
the physical and chemical atmospheric proc-
esses important to determining source im-
pacts, while screening models make assump-
tions about conservative inputs to a specific 
model. The complexity of screening tech-
niques ranges from simplified assumptions of 
chemistry applied to refined or screening 
model output to sophisticated approxima-
tions of the chemistry applied within a re-
fined model. 

ii. Reduced-form models are 
computationally efficient simulation tools 
for characterizing the pollutant response to 
specific types of emission reductions for a 
particular geographic area or background en-
vironmental conditions that reflect under-
lying atmospheric science of a refined model 
but reduce the computational resources of 

running a complex, numerical air quality 
model such as a photochemical grid model. 
In such situations, an attempt should be 
made to acquire or improve the necessary 
databases and to develop appropriate analyt-
ical techniques, but the screening technique 
or reduced-form model may be sufficient in 
conducting regulatory modeling applications 
when applied in consultation with the EPA 
Regional Office. 

e. Consistent with the general principle de-
scribed in paragraph 2.2(a), the EPA may es-
tablish a demonstration tool or method as a 
sufficient means for a user or applicant to 
make a demonstration required by regula-
tion, either by itself or as part of a modeling 
demonstration. To be used for such regu-
latory purposes, such a tool or method must 
be reflected in a codified regulation or have 
a well-documented technical basis and rea-
soning that is contained or incorporated in 
the record of the regulatory decision in 
which it is applied. 

2.3 Availability of Models 

a. For most of the screening and refined 
models discussed in the Guideline, codes, as-
sociated documentation and other useful in-
formation are publicly available for 
download from the EPA’s Support Center for 
Regulatory Atmospheric Modeling (SCRAM) 
Web site at https://www.epa.gov/scram. This is 
a Web site with which air quality modelers 
should become familiar and regularly visit 
for important model updates and additional 
clarifications and revisions to modeling 
guidance documents that are applicable to 
EPA programs and regulations. Codes and 
documentation may also be available from 
the National Technical Information Service 
(NTIS), http://www.ntis.gov, and, when avail-
able, is referenced with the appropriate NTIS 
accession number. 

3.0 PREFERRED AND ALTERNATIVE AIR 
QUALITY MODELS 

a. This section specifies the approach to be 
taken in determining preferred models for 
use in regulatory air quality programs. The 
status of models developed by the EPA, as 
well as those submitted to the EPA for re-
view and possible inclusion in this Guideline, 
is discussed in this section. The section also 
provides the criteria and process for obtain-
ing EPA approval for use of alternative mod-
els for individual cases in situations where 
the preferred models are not applicable or 
available. Additional sources of relevant 
modeling information are: the EPA’s Model 
Clearinghouse 23 (section 3.3); EPA modeling 
conferences; periodic Regional, State, and 
Local Modelers’ Workshops; and the EPA’s 
SCRAM Web site (section 2.3). 

b. When approval is required for a specific 
modeling technique or analytical procedure 
in this Guideline, we refer to the ‘‘appropriate 
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reviewing authority.’’ Many states and some 
local agencies administer NSR permitting 
under programs approved into SIPs. In some 
EPA regions, federal authority to administer 
NSR permitting and related activities has 
been delegated to state or local agencies. In 
these cases, such agencies ‘‘stand in the 
shoes’’ of the respective EPA Region. There-
fore, depending on the circumstances, the ap-
propriate reviewing authority may be an 
EPA Regional Office, a state, local, or tribal 
agency, or perhaps the Federal Land Man-
ager (FLM). In some cases, the Guideline re-
quires review and approval of the use of an 
alternative model by the EPA Regional Of-
fice (sometimes stated as ‘‘Regional Adminis-
trator’’). For all approvals of alternative 
models or techniques, the EPA Regional Of-
fice will coordinate and shall seek concur-
rence with the EPA’s Model Clearinghouse. 
If there is any question as to the appropriate 
reviewing authority, you should contact the 
EPA Regional Office modeling contact 
(https://www3.epa.gov/ttn/scram/ 
guidancelcontlregions.htm), whose jurisdic-
tion generally includes the physical location 
of the source in question and its expected 
impacts. 

c. In all regulatory analyses, early discus-
sions among the EPA Regional Office staff, 
state, local, and tribal agency staff, industry 
representatives, and where appropriate, the 
FLM, are invaluable and are strongly en-
couraged. Prior to the actual analyses, 
agreement on the databases to be used, mod-
eling techniques to be applied, and the over-
all technical approach helps avoid misunder-
standings concerning the final results and 
may reduce the later need for additional 
analyses. The preparation of a written mod-
eling protocol that is vetted with the appro-
priate reviewing authority helps to keep 
misunderstandings and resource expendi-
tures at a minimum. 

d. The identification of preferred models in 
this Guideline should not be construed as a 
determination that the preferred models 
identified here are to be permanently used to 
the exclusion of all others or that they are 
the only models available for relating emis-
sions to air quality. The model that most ac-
curately estimates concentrations in the 
area of interest is always sought. However, 
designation of specific preferred models is 
needed to promote consistency in model se-
lection and application. 

3.1 Preferred Models 

3.1.1 Discussion 

a. The EPA has developed some models 
suitable for regulatory application, while 
other models have been submitted by private 
developers for possible inclusion in the 
Guideline. Refined models that are preferred 
and required by the EPA for particular appli-
cations have undergone the necessary peer 

scientific reviews 24 25 and model performance 
evaluation exercises 26 27 that include statis-
tical measures of model performance in com-
parison with measured air quality data as 
described in section 2.1.1. 

b. An American Society for Testing and 
Materials (ASTM) reference 28 provides a gen-
eral philosophy for developing and imple-
menting advanced statistical evaluations of 
atmospheric dispersion models, and provides 
an example statistical technique to illus-
trate the application of this philosophy. Con-
sistent with this approach, the EPA has de-
termined and applied a specific evaluation 
protocol that provides a statistical tech-
nique for evaluating model performance for 
predicting peak concentration values, as 
might be observed at individual monitoring 
locations.29 

c. When a single model is found to perform 
better than others, it is recommended for ap-
plication as a preferred model and listed in 
appendix A. If no one model is found to clear-
ly perform better through the evaluation ex-
ercise, then the preferred model listed in ap-
pendix A may be selected on the basis of 
other factors such as past use, public famili-
arity, resource requirements, and avail-
ability. Accordingly, the models listed in ap-
pendix A meet these conditions: 

i. The model must be written in a common 
programming language, and the execut-
able(s) must run on a common computer 
platform. 

ii. The model must be documented in a 
user’s guide or model formulation report 
which identifies the mathematics of the 
model, data requirements and program oper-
ating characteristics at a level of detail com-
parable to that available for other rec-
ommended models in appendix A. 

iii. The model must be accompanied by a 
complete test dataset including input pa-
rameters and output results. The test data 
must be packaged with the model in com-
puter-readable form. 

iv. The model must be useful to typical 
users, e.g., state air agencies, for specific air 
quality control problems. Such users should 
be able to operate the computer program(s) 
from available documentation. 

v. The model documentation must include 
a robust comparison with air quality data 
(and/or tracer measurements) or with other 
well-established analytical techniques. 

vi. The developer must be willing to make 
the model and source code available to users 
at reasonable cost or make them available 
for public access through the Internet or Na-
tional Technical Information Service. The 
model and its code cannot be proprietary. 

d. The EPA’s process of establishing a pre-
ferred model includes a determination of 
technical merit, in accordance with the 
above six items, including the practicality of 
the model for use in ongoing regulatory pro-
grams. Each model will also be subjected to 
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a performance evaluation for an appropriate 
database and to a peer scientific review. 
Models for wide use (not just an isolated 
case) that are found to perform better will be 
proposed for inclusion as preferred models in 
future Guideline revisions. 

e. No further evaluation of a preferred 
model is required for a particular application 
if the EPA requirements for regulatory use 
specified for the model in the Guideline are 
followed. Alternative models to those listed 
in appendix A should generally be compared 
with measured air quality data when they 
are used for regulatory applications con-
sistent with recommendations in section 3.2. 

3.1.2 REQUIREMENTS 

a. Appendix A identifies refined models 
that are preferred for use in regulatory ap-
plications. If a model is required for a par-
ticular application, the user must select a 
model from appendix A or follow procedures 
in section 3.2.2 for use of an alternative 
model or technique. Preferred models may be 
used without a formal demonstration of ap-
plicability as long as they are used as indi-
cated in each model summary in appendix A. 
Further recommendations for the applica-
tion of preferred models to specific source 
applications are found in subsequent sections 
of the Guideline. 

b. If changes are made to a preferred model 
without affecting the modeled concentra-
tions, the preferred status of the model is 
unchanged. Examples of modifications that 
do not affect concentrations are those made 
to enable use of a different computer plat-
form or those that only affect the format or 
averaging time of the model results. The in-
tegration of a graphical user interface (GUI) 
to facilitate setting up the model inputs and/ 
or analyzing the model results without oth-
erwise altering the preferred model code is 
another example of a modification that does 
not affect concentrations. However, when 
any changes are made, the Regional Admin-
istrator must require a test case example to 
demonstrate that the modeled concentra-
tions are not affected. 

c. A preferred model must be operated with 
the options listed in appendix A for its in-
tended regulatory application. If the regu-
latory options are not applied, the model is 
no longer ‘‘preferred.’’ Any other modifica-
tion to a preferred model that would result 
in a change in the concentration estimates 
likewise alters its status so that it is no 
longer a preferred model. Use of the modified 
model must then be justified as an alter-
native model on a case-by-case basis to the 
appropriate reviewing authority and ap-
proved by the Regional Administrator. 

d. Where the EPA has not identified a pre-
ferred model for a particular pollutant or sit-
uation, the EPA may establish a multi- 
tiered approach for making a demonstration 
required under PSD or another CAA pro-

gram. The initial tier or tiers may involve 
use of demonstration tools, screening mod-
els, screening techniques, or reduced-form 
models; while the last tier may involve the 
use of demonstration tools, refined models or 
techniques, or alternative models approved 
under section 3.2. 

3.2 Alternative Models 

3.2.1 Discussion 

a. Selection of the best model or tech-
niques for each individual air quality anal-
ysis is always encouraged, but the selection 
should be done in a consistent manner. A 
simple listing of models in this Guideline 
cannot alone achieve that consistency nor 
can it necessarily provide the best model for 
all possible situations. As discussed in sec-
tion 3.1.1, the EPA has determined and ap-
plied a specific evaluation protocol that pro-
vides a statistical technique for evaluating 
model performance for predicting peak con-
centration values, as might be observed at 
individual monitoring locations.29 This pro-
tocol is available to assist in developing a 
consistent approach when justifying the use 
of other-than-preferred models recommended 
in the Guideline (i.e., alternative models). 
The procedures in this protocol provide a 
general framework for objective decision- 
making on the acceptability of an alter-
native model for a given regulatory applica-
tion. These objective procedures may be used 
for conducting both the technical evaluation 
of the model and the field test or perform-
ance evaluation. 

b. This subsection discusses the use of al-
ternate models and defines three situations 
when alternative models may be used. This 
subsection also provides a procedure for im-
plementing 40 CFR 51.166(l)(2) in PSD permit-
ting. This provision requires written ap-
proval of the Administrator for any modi-
fication or substitution of an applicable 
model. An applicable model for purposes of 
40 CFR 51.166(l) is a preferred model in ap-
pendix A to the Guideline. Approval to use an 
alternative model under section 3.2 of the 
Guideline qualifies as approval for the modi-
fication or substitution of a model under 40 
CFR 51.166(l)(2). The Regional Administra-
tors have delegated authority to issue such 
approvals under section 3.2 of the Guideline, 
provided that such approval is issued after 
consultation with the EPA’s Model Clearing-
house and formally documented in a concur-
rence memorandum from the EPA’s Model 
Clearinghouse which demonstrates that the 
requirements within section 3.2 for use of an 
alternative model have been met. 

3.2.2 Requirements 

a. Determination of acceptability of an al-
ternative model is an EPA Regional Office 
responsibility in consultation with the 
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a For PSD and other applications that use 
the model results in an absolute sense, the 
model should not be biased toward underesti-
mates. Alternatively, for ozone and PM2.5 
SIP attainment demonstrations and other 
applications that use the model results in a 
relative sense, the model should not be bi-
ased toward overestimates. 

EPA’s Model Clearinghouse as discussed in 
paragraphs 3.0(b) and 3.2.1(b). Where the Re-
gional Administrator finds that an alter-
native model is more appropriate than a pre-
ferred model, that model may be used sub-
ject to the approval of the EPA Regional Of-
fice based on the requirements of this sub-
section. This finding will normally result 
from a determination that: (1) A preferred 
air quality model is not appropriate for the 
particular application; or (2) a more appro-
priate model or technique is available and 
applicable. 

b. An alternative model shall be evaluated 
from both a theoretical and a performance 
perspective before it is selected for use. 
There are three separate conditions under 
which such a model may be approved for use: 

1. If a demonstration can be made that the 
model produces concentration estimates 
equivalent to the estimates obtained using a 
preferred model; 

2. If a statistical performance evaluation 
has been conducted using measured air qual-
ity data and the results of that evaluation 
indicate the alternative model performs bet-
ter for the given application than a com-
parable model in appendix A; or 

3. If there is no preferred model. 
Any one of these three separate conditions 
may justify use of an alternative model. 
Some known alternative models that are ap-
plicable for selected situations are listed on 
the EPA’s SCRAM Web site (section 2.3). 
However, inclusion there does not confer any 
unique status relative to other alternative 
models that are being or will be developed in 
the future. 

c. Equivalency, condition (1) in paragraph 
(b) of this subsection, is established by dem-
onstrating that the appropriate regulatory 
metric(s) are within ± 2 percent of the esti-
mates obtained from the preferred model. 
The option to show equivalency is intended 
as a simple demonstration of acceptability 
for an alternative model that is nearly iden-
tical (or contains options that can make it 
identical) to a preferred model that it can be 
treated for practical purposes as the pre-
ferred model. However, notwithstanding this 
demonstration, models that are not equiva-
lent may be used when one of the two other 
conditions described in paragraphs (d) and 
(e) of this subsection are satisfied. 

d. For condition (2) in paragraph (b) of this 
subsection, established statistical perform-
ance evaluation procedures and tech-
niques 28 29 for determining the acceptability 
of a model for an individual case based on su-
perior performance should be followed, as ap-
propriate. Preparation and implementation 
of an evaluation protocol that is acceptable 
to both control agencies and regulated indus-
try is an important element in such an eval-
uation. 

e. Finally, for condition (3) in paragraph 
(b) of this subsection, an alternative model 

or technique may be approved for use pro-
vided that: 

i. The model or technique has received a 
scientific peer review; 

ii. The model or technique can be dem-
onstrated to be applicable to the problem on 
a theoretical basis; 

iii. The databases which are necessary to 
perform the analysis are available and ade-
quate; 

iv. Appropriate performance evaluations of 
the model or technique have shown that the 
model or technique is not inappropriately bi-
ased for regulatory application a; and 

v. A protocol on methods and procedures to 
be followed has been established. 

f. To formally document that the require-
ments of section 3.2 for use of an alternative 
model are satisfied for a particular applica-
tion or range of applications, a memorandum 
will be prepared by the EPA’s Model Clear-
inghouse through a consultative process 
with the EPA Regional Office. 

3.3 EPA’s Model Clearinghouse 

a. The Regional Administrator has the au-
thority to select models that are appropriate 
for use in a given situation. However, there 
is a need for assistance and guidance in the 
selection process so that fairness, consist-
ency, and transparency in modeling deci-
sions are fostered among the EPA Regional 
Offices and the state, local, and tribal agen-
cies. To satisfy that need, the EPA estab-
lished the Model Clearinghouse 23 to serve a 
central role of coordination and collabora-
tion between EPA headquarters and the EPA 
Regional Offices. Additionally, the EPA 
holds periodic workshops with EPA Head-
quarters, EPA Regional Offices, and state, 
local, and tribal agency modeling represent-
atives. 

b. The appropriate EPA Regional Office 
should always be consulted for information 
and guidance concerning modeling methods 
and interpretations of modeling guidance, 
and to ensure that the air quality model user 
has available the latest most up-to-date pol-
icy and procedures. As appropriate, the EPA 
Regional Office may also request assistance 
from the EPA’s Model Clearinghouse on 
other applications of models, analytical 
techniques, or databases or to clarify inter-
pretation of the Guideline or related mod-
eling guidance. 

c. The EPA Regional Office will coordinate 
with the EPA’s Model Clearinghouse after an 
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initial evaluation and decision has been de-
veloped concerning the application of an al-
ternative model. The acceptability and for-
mal approval process for an alternative 
model is described in section 3.2. 

4.0 MODELS FOR CARBON MONOXIDE, LEAD, 
SULFUR DIOXIDE, NITROGEN DIOXIDE AND 
PRIMARY PARTICULATE MATTER 

4.1 Discussion 

a. This section identifies modeling ap-
proaches generally used in the air quality 
impact analysis of sources that emit the cri-
teria pollutants carbon monoxide (CO), lead, 
sulfur dioxide (SO2), nitrogen dioxide (NO2), 
and primary particulates (PM2.5 and PM10). 

b. The guidance in this section is specific 
to the application of the Gaussian plume 
models identified in appendix A. Gaussian 
plume models assume that emissions and 
meteorology are in a steady-state, which is 
typically based on an hourly time step. This 
approach results in a plume that has an 
hourly-averaged distribution of emission 
mass according to a Gaussian curve through 
the plume. Though Gaussian steady-state 
models conserve the mass of the primary pol-
lutant throughout the plume, they can still 
take into account a limited consideration of 
first-order removal processes (e.g., wet and 
dry deposition) and limited chemical conver-
sion (e.g., OH oxidation). 

c. Due to the steady-state assumption, 
Gaussian plume models are generally consid-
ered applicable to distances less than 50 km, 
beyond which, modeled predictions of plume 
impact are likely conservative. The loca-
tions of these impacts are expected to be un-
reliable due to changes in meteorology that 
are likely to occur during the travel time. 

d. The applicability of Gaussian plume 
models may vary depending on the topog-
raphy of the modeling domain, i.e., simple or 
complex. Simple terrain is considered to be 
an area where terrain features are all lower 
in elevation than the top of the stack(s) of 
the source(s) in question. Complex terrain is 
defined as terrain exceeding the height of the 
stack(s) being modeled. 

e. Gaussian models determine source im-
pacts at discrete locations (receptors) for 
each meteorological and emission scenario, 
and generally attempt to estimate con-
centrations at specific sites that represent 
an ensemble average of numerous repetitions 
of the same ‘‘event.’’ Uncertainties in model 
estimates are driven by this formulation, 
and as noted in section 2.1.1, evaluations of 
model accuracy should focus on the reduc-
ible uncertainty associated with physics and 
the formulation of the model. The ‘‘irre-
ducible’’ uncertainty associated with 
Gaussian plume models may be responsible 
for variation in concentrations of as much as 
± 50 percent.30 ‘‘Reducible’’ uncertainties 16 
can be on a similar scale. For example, 

Pasquill 31 estimates that, apart from data 
input errors, maximum ground-level con-
centrations at a given hour for a point 
source in flat terrain could be in error by 50 
percent due to these uncertainties. Errors of 
5 to 10 degrees in the measured wind direc-
tion can result in concentration errors of 20 
to 70 percent for a particular time and loca-
tion, depending on stability and station loca-
tion. Such uncertainties do not indicate that 
an estimated concentration does not occur, 
only that the precise time and locations are 
in doubt. Composite errors in highest esti-
mated concentrations of 10 to 40 percent are 
found to be typical.32 33 However, estimates 
of concentrations paired in time and space 
with observed concentrations are less cer-
tain. 

f. Model evaluations and inter-comparisons 
should take these aspects of uncertainty into 
account. For a regulatory application of a 
model, the emphasis of model evaluations is 
generally placed on the highest modeled im-
pacts. Thus, the Cox-Tikvart model evalua-
tion approach, which compares the highest 
modeled impacts on several timescales, is 
recommended for comparisons of models and 
measurements and model inter-comparisons. 
The approach includes bootstrap techniques 
to determine the significance of various 
modeled predictions and increases the 
robustness of such comparisons when the 
number of available measurements are lim-
ited.34 35 Because of the uncertainty in paired 
modeled and observed concentrations, any 
attempts at calibration of models based on 
these comparisons is of questionable benefit 
and shall not be done. 

4.2 Requirements 

a. For NAAQS compliance demonstrations 
under PSD, use of the screening and pre-
ferred models for the pollutants listed in this 
subsection shall be limited to the near-field 
at a nominal distance of 50 km or less. Near- 
field application is consistent with capabili-
ties of Gaussian plume models and, based on 
the EPA’s assessment, is sufficient to ad-
dress whether a source will cause or con-
tribute to ambient concentrations in excess 
of a NAAQS. In most cases, maximum source 
impacts of inert pollutants will occur within 
the first 10 to 20 km from the source. There-
fore, the EPA does not consider a long-range 
transport assessment beyond 50 km nec-
essary for these pollutants if a near-field 
NAAQS compliance demonstration is re-
quired.36 

b. For assessment of PSD increments with-
in the near-field distance of 50 km or less, 
use of the screening and preferred models for 
the pollutants listed in this subsection shall 
be limited to the same screening and pre-
ferred models approved for NAAQS compli-
ance demonstrations. 
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c. To determine if a compliance dem-
onstration for NAAQS and/or PSD incre-
ments may be necessary beyond 50 km (i.e., 
long-range transport assessment), the fol-
lowing screening approach shall be used to 
determine if a significant ambient impact 
will occur with particular focus on Class I 
areas and/or the applicable receptors that 
may be threatened at such distances. 

i. Based on application in the near-field of 
the appropriate screening and/or preferred 
model, determine the significance of the am-
bient impacts at or about 50 km from the 
new or modifying source. If a near-field as-
sessment is not available or this initial anal-
ysis indicates there may be significant ambi-
ent impacts at that distance, then further 
assessment is necessary. 

ii. For assessment of the significance of 
ambient impacts for NAAQS and/or PSD in-
crements, there is not a preferred model or 
screening approach for distances beyond 50 
km. Thus, the appropriate reviewing author-
ity (paragraph 3.0(b)) and the EPA Regional 
Office shall be consulted in determining the 
appropriate and agreed upon screening tech-
nique to conduct the second level assess-
ment. Typically, a Lagrangian model is most 
appropriate to use for these second level as-
sessments, but applicants shall reach agree-
ment on the specific model and modeling pa-
rameters on a case-by-case basis in consulta-
tion with the appropriate reviewing author-
ity (paragraph 3.0(b)) and EPA Regional Of-
fice. When Lagrangian models are used in 
this manner, they shall not include plume- 
depleting processes, such that model esti-
mates are considered conservative, as is gen-
erally appropriate for screening assessments. 

d. In those situations where a cumulative 
impact analysis for NAAQS and/or PSD in-
crements analysis beyond 50 km is nec-
essary, the selection and use of an alter-
native model shall occur in agreement with 
the appropriate reviewing authority (para-
graph 3.0(b)) and approval by the EPA Re-
gional Office based on the requirements of 
paragraph 3.2.2(e). 

4.2.1 Screening Models and Techniques 

a. Where a preliminary or conservative es-
timate is desired, point source screening 
techniques are an acceptable approach to air 
quality analyses. 

b. As discussed in paragraph 2.2(a), screen-
ing models or techniques are designed to pro-
vide a conservative estimate of concentra-
tions. The screening models used in most ap-
plications are the screening versions of the 
preferred models for refined applications. 
The two screening models, AERSCREEN 37 38 
and CTSCREEN, are screening versions of 
AERMOD (American Meteorological Society 
(AMS)/EPA Regulatory Model) and 
CTDMPLUS (Complex Terrain Dispersion 
Model Plus Algorithms for Unstable Situa-
tions), respectively. AERSCREEN is the rec-

ommended screening model for most applica-
tions in all types of terrain and for applica-
tions involving building downwash. For 
those applications in complex terrain where 
the application involves a well-defined hill 
or ridge, CTSCREEN 39 can be used. 

c. Although AERSCREEN and CTSCREEN 
are designed to address a single-source sce-
nario, there are approaches that can be used 
on a case-by-case basis to address multi- 
source situations using screening meteor-
ology or other conservative model assump-
tions. However, the appropriate reviewing 
authority (paragraph 3.0(b)) shall be con-
sulted, and concurrence obtained, on the pro-
tocol for modeling multiple sources with 
AERSCREEN or CTSCREEN to ensure that 
the worst case is identified and assessed. 

d. As discussed in section 4.2.3.4, there are 
also screening techniques built into 
AERMOD that use simplified or limited 
chemistry assumptions for determining the 
partitioning of NO and NO2 for NO2 mod-
eling. These screening techniques are part of 
the EPA’s preferred modeling approach for 
NO2 and do not need to be approved as an al-
ternative model. However, as with other 
screening models and techniques, their usage 
shall occur in agreement with the appro-
priate reviewing authority (paragraph 3.0(b)). 

e. As discussed in section 4.2(c)(ii), there 
are screening techniques needed for long- 
range transport assessments that will typi-
cally involve the use of a Lagrangian model. 
Based on the long-standing practice and doc-
umented capabilities of these models for 
long-range transport assessments, the use of 
a Lagrangian model as a screening technique 
for this purpose does not need to be approved 
as an alternative model. However, their 
usage shall occur in consultation with the 
appropriate reviewing authority (paragraph 
3.0(b)) and EPA Regional Office. 

f. All screening models and techniques 
shall be configured to appropriately address 
the site and problem at hand. Close atten-
tion must be paid to whether the area should 
be classified urban or rural in accordance 
with section 7.2.1.1. The climatology of the 
area must be studied to help define the 
worst-case meteorological conditions. Agree-
ment shall be reached between the model 
user and the appropriate reviewing authority 
(paragraph 3.0(b)) on the choice of the 
screening model or technique for each anal-
ysis, on the input data and model settings, 
and the appropriate metric for satisfying 
regulatory requirements. 

4.2.1.1 AERSCREEN 

a. Released in 2011, AERSCREEN is the 
EPA’s recommended screening model for 
simple and complex terrain for single 
sources including point sources, area 
sources, horizontal stacks, capped stacks, 
and flares. AERSCREEN runs AERMOD in a 
screening mode and consists of two main 
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components: 1) the MAKEMET program 
which generates a site-specific matrix of me-
teorological conditions for input to the 
AERMOD model; and 2) the AERSCREEN 
command-prompt interface. 

b. The MAKEMET program generates a 
matrix of meteorological conditions, in the 
form of AERMOD-ready surface and profile 
files, based on user-specified surface charac-
teristics, ambient temperatures, minimum 
wind speed, and anemometer height. The me-
teorological matrix is generated based on 
looping through a range of wind speeds, 
cloud covers, ambient temperatures, solar 
elevation angles, and convective velocity 
scales (w*, for convective conditions only) 
based on user-specified surface characteris-
tics for surface roughness (Zo), Bowen ratio 
(Bo), and albedo (r). For unstable cases, the 
convective mixing height (Zic) is calculated 
based on w*, and the mechanical mixing 
height (Zim) is calculated for unstable and 
stable conditions based on the friction veloc-
ity, u*. 

c. For applications involving simple or 
complex terrain, AERSCREEN interfaces 
with AERMAP. AERSCREEN also interfaces 
with BPIPPRM to provide the necessary 
building parameters for applications involv-
ing building downwash using the Plume Rise 
Model Enhancements (PRIME) downwash al-
gorithm. AERSCREEN generates inputs to 
AERMOD via MAKEMET, AERMAP, and 
BPIPPRM and invokes AERMOD in a screen-
ing mode. The screening mode of AERMOD 
forces the AERMOD model calculations to 
represent values for the plume centerline, re-
gardless of the source-receptor-wind direc-
tion orientation. The maximum concentra-
tion output from AERSCREEN represents a 
worst-case 1-hour concentration. Averaging- 
time scaling factors of 1.0 for 3-hour, 0.9 for 
8-hour, 0.60 for 24-hour, and 0.10 for annual 
concentration averages are applied inter-
nally by AERSCREEN to the highest 1-hour 
concentration calculated by the model for 
non-area type sources. For area type source 
concentrations for averaging times greater 
than one hour, the concentrations are equal 
to the 1-hour estimates.37 40 

4.2.1.2 CTSCREEN 

a. CTSCREEN 39 41 can be used to obtain 
conservative, yet realistic, worst-case esti-
mates for receptors located on terrain above 
stack height. CTSCREEN accounts for the 
three-dimensional nature of plume and ter-
rain interaction and requires detailed terrain 
data representative of the modeling domain. 
The terrain data must be digitized in the 
same manner as for CTDMPLUS and a ter-
rain processor is available.42 CTSCREEN is 
designed to execute a fixed matrix of mete-
orological values for wind speed (u), standard 
deviation of horizontal and vertical wind 
speeds (sv, sw), vertical potential tempera-

ture gradient (dq/dz), friction velocity (u*), 
Monin-Obukhov length (L), mixing height (zi) 
as a function of terrain height, and wind di-
rections for both neutral/stable conditions 
and unstable convective conditions. The 
maximum concentration output from 
CTSCREEN represents a worst-case 1-hour 
concentration. Time-scaling factors of 0.7 for 
3-hour, 0.15 for 24-hour and 0.03 for annual 
concentration averages are applied inter-
nally by CTSCREEN to the highest 1-hour 
concentration calculated by the model. 

4.2.1.3 Screening in Complex Terrain 

a. For applications utilizing AERSCREEN, 
AERSCREEN automatically generates a 
polar-grid receptor network with spacing de-
termined by the maximum distance to 
model. If the application warrants a dif-
ferent receptor network than that generated 
by AERSCREEN, it may be necessary to run 
AERMOD in screening mode with a user-de-
fined network. For CTSCREEN applications 
or AERMOD in screening mode outside of 
AERSCREEN, placement of receptors re-
quires very careful attention when modeling 
in complex terrain. Often the highest con-
centrations are predicted to occur under 
very stable conditions, when the plume is 
near or impinges on the terrain. Under such 
conditions, the plume may be quite narrow 
in the vertical, so that even relatively small 
changes in a receptor’s location may sub-
stantially affect the predicted concentra-
tion. Receptors within about a kilometer of 
the source may be even more sensitive to lo-
cation. Thus, a dense array of receptors may 
be required in some cases. 

b. For applications involving 
AERSCREEN, AERSCREEN interfaces with 
AERMAP to generate the receptor ele-
vations. For applications involving 
CTSCREEN, digitized contour data must be 
preprocessed 42 to provide hill shape param-
eters in suitable input format. The user then 
supplies receptor locations either through an 
interactive program that is part of the model 
or directly, by using a text editor; using both 
methods to select receptor locations will 
generally be necessary to assure that the 
maximum concentrations are estimated by 
either model. In cases where a terrain fea-
ture may ‘‘appear to the plume’’ as smaller, 
multiple hills, it may be necessary to model 
the terrain both as a single feature and as 
multiple hills to determine design con-
centrations. 

c. Other screening techniques may be ac-
ceptable for complex terrain cases where es-
tablished procedures 43 are used. The user is 
encouraged to confer with the appropriate 
reviewing authority (paragraph 3.0(b)) if any 
unforeseen problems are encountered, e.g., 
applicability, meteorological data, receptor 
siting, or terrain contour processing issues. 
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4.2.2 Refined Models 

a. A brief description of each preferred 
model for refined applications is found in ap-
pendix A. Also listed in that appendix are 
availability, the model input requirements, 
the standard options that shall be selected 
when running the program, and output op-
tions. 

4.2.2.1 AERMOD 

a. For a wide range of regulatory applica-
tions in all types of terrain, and for aero-
dynamic building downwash, the required 
model is AERMOD.44 45 The AERMOD regu-
latory modeling system consists of the 
AERMOD dispersion model, the AERMET 
meteorological processor, and the AERMAP 
terrain processor. AERMOD is a steady-state 
Gaussian plume model applicable to directly 
emitted air pollutants that employs best 
state-of-practice parameterizations for char-
acterizing the meteorological influences and 
dispersion. Differentiation of simple versus 
complex terrain is unnecessary with 
AERMOD. In complex terrain, AERMOD em-
ploys the well-known dividing-streamline 
concept in a simplified simulation of the ef-
fects of plume-terrain interactions. 

b. The AERMOD modeling system has been 
extensively evaluated across a wide range of 
scenarios based on numerous field studies, 
including tall stacks in flat and complex ter-
rain settings, sources subject to building 
downwash influences, and low-level non- 
buoyant sources.27 These evaluations in-
cluded several long-term field studies associ-
ated with operating plants as well as several 
intensive tracer studies. Based on these eval-
uations, AERMOD has shown consistently 
good performance, with ‘‘errors’’ in predicted 
versus observed peak concentrations, based 
on the Robust Highest Concentration (RHC) 
metric, consistently within the range of 10 to 
40 percent (cited in paragraph 4.1(e)). 

c. AERMOD incorporates the PRIME algo-
rithm to account for enhanced plume growth 
and restricted plume rise for plumes affected 
by building wake effects.46 The PRIME algo-
rithm accounts for entrainment of plume 
mass into the cavity recirculation region, in-
cluding re-entrainment of plume mass into 
the wake region beyond the cavity. 

d. AERMOD incorporates the Buoyant Line 
and Point Source (BLP) Dispersion model to 
account for buoyant plume rise from line 
sources. The BLP option utilizes the stand-
ard meteorological inputs provided by the 
AERMET meteorological processor. 

e. The state-of-the-science for modeling at-
mospheric deposition is evolving, new mod-
eling techniques are continually being as-
sessed, and their results are being compared 
with observations. Consequently, while depo-
sition treatment is available in AERMOD, 
the approach taken for any purpose shall be 

coordinated with the appropriate reviewing 
authority (paragraph 3.0(b)). 

4.2.2.2 CTDMPLUS 

a. If the modeling application involves an 
elevated point source with a well-defined hill 
or ridge and a detailed dispersion analysis of 
the spatial pattern of plume impacts is of in-
terest, CTDMPLUS is available. CTDMPLUS 
provides greater resolution of concentrations 
about the contour of the hill feature than 
does AERMOD through a different plume- 
terrain interaction algorithm. 

4.2.2.3 OCD 

a. If the modeling application involves de-
termining the impact of offshore emissions 
from point, area, or line sources on the air 
quality of coastal regions, the recommended 
model is the OCD (Offshore and Coastal Dis-
persion) Model. OCD is a straight-line 
Gaussian model that incorporates overwater 
plume transport and dispersion as well as 
changes that occur as the plume crosses the 
shoreline. OCD is also applicable for situa-
tions that involve platform building 
downwash. 

4.2.3 Pollutant Specific Modeling 
Requirements 

4.2.3.1 Models for Carbon Monoxide 

a. Models for assessing the impact of CO 
emissions are needed to meet NSR require-
ments to address compliance with the CO 
NAAQS and to determine localized impacts 
from transportations projects. Examples in-
clude evaluating effects of point sources, 
congested roadway intersections and high-
ways, as well as the cumulative effect of nu-
merous sources of CO in an urban area. 

b. The general modeling recommendations 
and requirements for screening models in 
section 4.2.1 and refined models in section 
4.2.2 shall be applied for CO modeling. Given 
the relatively low CO background concentra-
tions, screening techniques are likely to be 
adequate in most cases. In applying these 
recommendations and requirements, the ex-
isting 1992 EPA guidance for screening CO 
impacts from highways may be consulted.47 

4.2.3.2 Models for Lead 

a. In January 1999 (40 CFR part 58, appen-
dix D), the EPA gave notice that concern 
about ambient lead impacts was being shift-
ed away from roadways and toward a focus 
on stationary point sources. Thus, models 
for assessing the impact of lead emissions 
are needed to meet NSR requirements to ad-
dress compliance with the lead NAAQS and 
for SIP attainment demonstrations. The 
EPA has also issued guidance on siting ambi-
ent monitors in the vicinity of stationary 
point sources.48 For lead, the SIP should con-
tain an air quality analysis to determine the 
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maximum rolling 3-month average lead con-
centration resulting from major lead point 
sources, such as smelters, gasoline additive 
plants, etc. The EPA has developed a post- 
processor to calculate rolling 3-month aver-
age concentrations from model output.49 
General guidance for lead SIP development 
is also available.50 

b. For major lead point sources, such as 
smelters, which contribute fugitive emis-
sions and for which deposition is important, 
professional judgment should be used, and 
there shall be coordination with the appro-
priate reviewing authority (paragraph 3.0(b)). 
For most applications, the general require-
ments for screening and refined models of 
section 4.2.1 and 4.2.2 are applicable to lead 
modeling. 

4.2.3.3 Models for Sulfur Dioxide 

a. Models for SO2 are needed to meet NSR 
requirements to address compliance with the 
SO2 NAAQS and PSD increments, for SIP at-
tainment demonstrations,51 and for charac-
terizing current air quality via modeling.52 
SO2 is one of a group of highly reactive gases 
known as ‘‘oxides of sulfur’’ with largest 
emissions sources being fossil fuel combus-
tion at power plants and other industrial fa-
cilities. 

b. Given the relatively inert nature of SO2 
on the short-term time scales of interest 
(i.e., 1-hour) and the sources of SO2 (i.e., sta-
tionary point sources), the general modeling 
requirements for screening models in section 
4.2.1 and refined models in section 4.2.2 are 
applicable for SO2 modeling applications. 
For urban areas, AERMOD automatically in-
vokes a half-life of 4 hours 53 to SO2. There-
fore, care must be taken when determining 
whether a source is urban or rural (see sec-
tion 7.2.1.1 for urban/rural determination 
methodology). 

4.2.3.4 Models for Nitrogen Dioxide 

a. Models for assessing the impact of 
sources on ambient NO2 concentrations are 
needed to meet NSR requirements to address 
compliance with the NO2 NAAQS and PSD 
increments. Impact of an individual source 
on ambient NO2 depends, in part, on the 
chemical environment into which the 
source’s plume is to be emitted. This is due 
to the fact that NO2 sources co-emit NO 
along with NO2 and any emitted NO may 
react with ambient ozone to convert to addi-
tional NO2 downwind. Thus, comprehensive 
modeling of NO2 would need to consider the 
ratio of emitted NO and NO2, the ambient 
levels of ozone and subsequent reactions be-
tween ozone and NO, and the photolysis of 
NO2 to NO. 

b. Due to the complexity of NO2 modeling, 
a multi-tiered screening approach is required 
to obtain hourly and annual average esti-
mates of NO2.54 Since these methods are con-

sidered screening techniques, their usage 
shall occur in agreement with the appro-
priate reviewing authority (paragraph 3.0(b)). 
Additionally, since screening techniques are 
conservative by their nature, there are limi-
tations to how these options can be used. 
Specifically, modeling of negative emissions 
rates should only be done after consultation 
with the EPA Regional Office to ensure that 
decreases in concentrations would not be 
overestimated. Each tiered approach (see 
Figure 4–1) accounts for increasingly com-
plex considerations of NO2 chemistry and is 
described in paragraphs c through e of this 
subsection. The tiers of NO2 modeling in-
clude: 

i. A first-tier (most conservative) ‘‘full’’ 
conversion approach; 

ii. A second-tier approach that assumes 
ambient equilibrium between NO and NO2; 
and 

iii. A third-tier consisting of several de-
tailed screening techniques that account for 
ambient ozone and the relative amount of 
NO and NO2 emitted from a source. 

c. For Tier 1, use an appropriate refined 
model (section 4.2.2) to estimate nitrogen ox-
ides (NOX) concentrations and assume a total 
conversion of NO to NO2. 

d. For Tier 2, multiply the Tier 1 result(s) 
by the Ambient Ratio Method 2 (ARM2), 
which provides estimates of representative 
equilibrium ratios of NO2/NOX value based 
ambient levels of NO2 and NOX derived from 
national data from the EPA’s Air Quality 
System (AQS).55 The national default for 
ARM2 includes a minimum ambient NO2/NOX 
ratio of 0.5 and a maximum ambient ratio of 
0.9. The reviewing agency may establish al-
ternative minimum ambient NO2/NOX values 
based on the source’s in-stack emissions ra-
tios, with alternative minimum ambient ra-
tios reflecting the source’s in-stack NO2/NOX 
ratios. Preferably, alternative minimum am-
bient NO2/NOX ratios should be based on 
source-specific data which satisfies all qual-
ity assurance procedures that ensure data 
accuracy for both NO2 and NOX within the 
typical range of measured values. However, 
alternate information may be used to justify 
a source’s anticipated NO2/NOX in-stack ra-
tios, such as manufacturer test data, state or 
local agency guidance, peer-reviewed lit-
erature, and/or the EPA’s NO2/NOX ratio 
database. 

e. For Tier 3, a detailed screening tech-
nique shall be applied on a case-by-case 
basis. Because of the additional input data 
requirements and complexities associated 
with the Tier 3 options, their usage shall 
occur in consultation with the EPA Regional 
Office in addition to the appropriate review-
ing authority. The Ozone Limiting Method 
(OLM) 56 and the Plume Volume Molar Ratio 
Method (PVMRM) 57 are two detailed screen-
ing techniques that may be used for most 
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sources. These two techniques use an appro-
priate section 4.2.2 model to estimate NOX 
concentrations and then estimate the con-
version of primary NO emissions to NO2 
based on the ambient levels of ozone and the 
plume characteristics. OLM only accounts 
for NO2 formation based on the ambient lev-
els of ozone while PVMRM also accommo-
dates distance-dependent conversion ratios 
based on ambient ozone. Both PVMRM and 
OLM require that ambient ozone concentra-
tions be provided on an hourly basis and ex-
plicit specification of the NO2/NOX in-stack 
ratios. PVMRM works best for relatively iso-
lated and elevated point source modeling 

while OLM works best for large groups of 
sources, area sources, and near-surface re-
leases, including roadway sources. 

f. Alternative models or techniques may be 
considered on a case-by-case basis and their 
usage shall be approved by the EPA Regional 
Office (section 3.2). Such models or tech-
niques should consider individual quantities 
of NO and NO2 emissions, atmospheric trans-
port and dispersion, and atmospheric trans-
formation of NO to NO2. Dispersion models 
that account for more explicit photo-
chemistry may also be considered as an al-
ternative model to estimate ambient im-
pacts of NOX sources. 

4.2.3.5 Models for PM2.5 

a. PM2.5 is a mixture consisting of several 
diverse components.58 Ambient PM2.5 gen-
erally consists of two components: (1) The 
primary component, emitted directly from a 
source; and (2) the secondary component, 
formed in the atmosphere from other pollut-
ants emitted from the source. Models for 
PM2.5 are needed to meet NSR requirements 
to address compliance with the PM2.5 NAAQS 
and PSD increments and for SIP attainment 
demonstrations. 

b. For NSR modeling assessments, the gen-
eral modeling requirements for screening 
models in section 4.2.1 and refined models in 
section 4.2.2 are applicable for the primary 
component of PM2.5, while the methods in 
section 5.4 are applicable for addressing the 
secondary component of PM2.5. Guidance for 
PSD assessments is available for deter-
mining the best approach to handling 
sources of primary and secondary PM2.5.59 

c. For SIP attainment demonstrations and 
regional haze reasonable progress goal anal-
yses, effects of a control strategy on PM2.5 

are estimated from the sum of the effects on 
the primary and secondary components com-
posing PM2.5. Model users should refer to sec-
tion 5.4.1 and associated SIP modeling guid-
ance 60 for further details concerning appro-
priate modeling approaches. 

d. The general modeling requirements for 
the refined models discussed in section 4.2.2 
shall be applied for PM2.5 hot-spot modeling 
for mobile sources. Specific guidance is 
available for analyzing direct PM2.5 impacts 
from highways, terminals, and other trans-
portation projects.61 

4.2.3.6 Models for PM10 

a. Models for PM10 are needed to meet NSR 
requirements to address compliance with the 
PM10 NAAQS and PSD increments and for 
SIP attainment demonstrations. 

b. For most sources, the general modeling 
requirements for screening models in section 
4.2.1 and refined models in section 4.2.2 shall 
be applied for PM10 modeling. In cases where 
the particle size and its effect on ambient 
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concentrations need to be considered, par-
ticle deposition may be used on a case-by- 
case basis and their usage shall be coordi-
nated with the appropriate reviewing author-
ity. A SIP development guide 62 is also avail-
able to assist in PM10 analyses and control 
strategy development. 

c. Fugitive dust usually refers to dust put 
into the atmosphere by the wind blowing 
over plowed fields, dirt roads, or desert or 
sandy areas with little or no vegetation. Fu-
gitive emissions include the emissions re-
sulting from the industrial process that are 
not captured and vented through a stack, but 
may be released from various locations with-
in the complex. In some unique cases, a 
model developed specifically for the situa-
tion may be needed. Due to the difficult na-
ture of characterizing and modeling fugitive 
dust and fugitive emissions, the proposed 
procedure shall be determined in consulta-
tion with the appropriate reviewing author-
ity (paragraph 3.0(b)) for each specific situa-
tion before the modeling exercise is begun. 
Re-entrained dust is created by vehicles driv-
ing over dirt roads (e.g., haul roads) and 
dust-covered roads typically found in arid 
areas. Such sources can be characterized as 
line, area or volume sources.61 63 Emission 
rates may be based on site-specific data or 
values from the general literature. 

d. Under certain conditions, recommended 
dispersion models may not be suitable to ap-
propriately address the nature of ambient 
PM10. In these circumstances, the alter-
native modeling approach shall be approved 
by the EPA Regional Office (section 3.2). 

e. The general modeling requirements for 
the refined models discussed in section 4.2.2 
shall be applied for PM10 hot-spot modeling 
for mobile sources. Specific guidance is 
available for analyzing direct PM10 impacts 
from highways, terminals, and other trans-
portation projects.61 

5.0 MODELS FOR OZONE AND SECONDARILY 
FORMED PARTICULATE MATTER 

5.1 Discussion 

a. Air pollutants formed through chemical 
reactions in the atmosphere are referred to 
as secondary pollutants. For example, 
ground-level ozone and a portion of PM2.5 are 
secondary pollutants formed through photo-
chemical reactions. Ozone and secondarily 
formed particulate matter are closely re-
lated to each other in that they share com-
mon sources of emissions and are formed in 
the atmosphere from chemical reactions 
with similar precursors. 

b. Ozone formation is driven by emissions 
of NOX and volatile organic compounds 
(VOCs). Ozone formation is a complicated 
nonlinear process that requires favorable 
meteorological conditions in addition to 
VOC and NOX emissions. Sometimes complex 
terrain features also contribute to the build- 

up of precursors and subsequent ozone for-
mation or destruction. 

c. PM2.5 can be either primary (i.e., emitted 
directly from sources) or secondary in na-
ture. The fraction of PM2.5 which is primary 
versus secondary varies by location and sea-
son. In the United States, PM2.5 is dominated 
by a variety of chemical species or compo-
nents of atmospheric particles, such as am-
monium sulfate, ammonium nitrate, organic 
carbon mass, elemental carbon, and other 
soil compounds and oxidized metals. PM2.5 
sulfate, nitrate, and ammonium ions are pre-
dominantly the result of chemical reactions 
of the oxidized products of SO2 and NOX 
emissions with direct ammonia emissions.64 

d. Control measures reducing ozone and 
PM2.5 precursor emissions may not lead to 
proportional reductions in ozone and PM2.5. 
Modeled strategies designed to reduce ozone 
or PM2.5 levels typically need to consider the 
chemical coupling between these pollutants. 
This coupling is important in understanding 
processes that control the levels of both pol-
lutants. Thus, when feasible, it is important 
to use models that take into account the 
chemical coupling between ozone and PM2.5. 
In addition, using such a multi-pollutant 
modeling system can reduce the resource 
burden associated with applying and evalu-
ating separate models for each pollutant and 
promotes consistency among the strategies 
themselves. 

e. PM2.5 is a mixture consisting of several 
diverse chemical species or components of 
atmospheric particles. Because chemical and 
physical properties and origins of each com-
ponent differ, it may be appropriate to use 
either a single model capable of addressing 
several of the important components or to 
model primary and secondary components 
using different models. Effects of a control 
strategy on PM2.5 is estimated from the sum 
of the effects on the specific components 
comprising PM2.5. 

5.2 Recommendations 

a. Chemical transformations can play an 
important role in defining the concentra-
tions and properties of certain air pollut-
ants. Models that take into account chem-
ical reactions and physical processes of var-
ious pollutants (including precursors) are 
needed for determining the current state of 
air quality, as well as predicting and pro-
jecting the future evolution of these pollut-
ants. It is important that a modeling system 
provide a realistic representation of chem-
ical and physical processes leading to sec-
ondary pollutant formation and removal 
from the atmosphere. 

b. Chemical transport models treat atmos-
pheric chemical and physical processes such 
as deposition and motion. There are two 
types of chemical transport models, Eulerian 
(grid based) and Lagrangian. These types of 
models are differentiated from each other by 
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their frame of reference. Eulerian models are 
based on a fixed frame of reference and 
Lagrangian models use a frame of reference 
that moves with parcels of air between the 
source and receptor point.9 Photochemical 
grid models are three-dimensional Eulerian 
grid-based models that treat chemical and 
physical processes in each grid cell and use 
diffusion and transport processes to move 
chemical species between grid cells.9 These 
types of models are appropriate for assess-
ment of near-field and regional scale reac-
tive pollutant impacts from specific 
sources 7 10 11 12 or all sources.13 14 15 In some 
limited cases, the secondary processes can be 
treated with a box model, ideally in com-
bination with a number of other modeling 
techniques and/or analyses to treat indi-
vidual source sectors. 

c. Regardless of the modeling system used 
to estimate secondary impacts of ozone and/ 
or PM2.5, model results should be compared 
to observation data to generate confidence 
that the modeling system is representative 
of the local and regional air quality. For 
ozone related projects, model estimates of 
ozone should be compared with observations 
in both time and space. For PM2.5, model es-
timates of speciated PM2.5 components (such 
as sulfate ion, nitrate ion, etc.) should be 
compared with observations in both time and 
space.65 

d. Model performance metrics comparing 
observations and predictions are often used 
to summarize model performance. These 
metrics include mean bias, mean error, frac-
tional bias, fractional error, and correlation 
coefficient. 65 There are no specific levels of 
any model performance metric that indicate 
‘‘acceptable’’ model performance. The EPA’s 
preferred approach for providing context 
about model performance is to compare 
model performance metrics with similar con-
temporary applications. 60 65 Because model 
application purpose and scope vary, model 
users should consult with the appropriate re-
viewing authority (paragraph 3.0(b)) to deter-
mine what model performance elements 
should be emphasized and presented to pro-
vide confidence in the regulatory model ap-
plication. 

e. There is no preferred modeling system or 
technique for estimating ozone or secondary 
PM2.5 for specific source impacts or to assess 
impacts from multiple sources. For assessing 
secondary pollutant impacts from single 
sources, the degree of complexity required to 
assess potential impacts varies depending on 
the nature of the source, its emissions, and 
the background environment. The EPA rec-
ommends a two-tiered approach where the 
first tier consists of using existing tech-
nically credible and appropriate relation-
ships between emissions and impacts devel-
oped from previous modeling that is deemed 
sufficient for evaluating a source’s impacts. 
The second tier consists of more sophisti-

cated case-specific modeling analyses. The 
appropriate tier for a given application 
should be selected in consultation with the 
appropriate reviewing authority (paragraph 
3.0(b)) and be consistent with EPA guid-
ance.66 

5.3 Recommended Models and Approaches for 
Ozone 

a. Models that estimate ozone concentra-
tions are needed to guide the choice of strat-
egies for the purposes of a nonattainment 
area demonstrating future year attainment 
of the ozone NAAQS. Additionally, models 
that estimate ozone concentrations are need-
ed to assess impacts from specific sources or 
source complexes to satisfy requirements for 
NSR and other regulatory programs. Other 
purposes for ozone modeling include esti-
mating the impacts of specific events on air 
quality, ozone deposition impacts, and plan-
ning for areas that may be attaining the 
ozone NAAQS. 

5.3.1 Models for NAAQS Attainment Dem-
onstrations and Multi-Source Air Quality 
Assessments 

a. Simulation of ozone formation and 
transport is a complex exercise. Control 
agencies with jurisdiction over areas with 
ozone problems should use photochemical 
grid models to evaluate the relationship be-
tween precursor species and ozone. Use of 
photochemical grid models is the rec-
ommended means for identifying control 
strategies needed to address high ozone con-
centrations in such areas. Judgment on the 
suitability of a model for a given application 
should consider factors that include use of 
the model in an attainment test, develop-
ment of emissions and meteorological inputs 
to the model, and choice of episodes to 
model. Guidance on the use of models and 
other analyses for demonstrating attainment 
of the air quality goals for ozone is available. 
59 60 Users should consult with the appro-
priate reviewing authority (paragraph 3.0(b)) 
to ensure the most current modeling guid-
ance is applied. 

5.3.2 Models for Single-Source Air Quality 
Assessments 

a. Depending on the magnitude of emis-
sions, estimating the impact of an individual 
source’s emissions of NOX and VOC on ambi-
ent ozone is necessary for obtaining a per-
mit. The simulation of ozone formation and 
transport requires realistic treatment of at-
mospheric chemistry and deposition. Models 
(e.g., Lagrangian and photochemical grid 
models) that integrate chemical and phys-
ical processes important in the formation, 
decay, and transport of ozone and important 
precursor species should be applied. Photo-
chemical grid models are primarily designed 
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to characterize precursor emissions and im-
pacts from a wide variety of sources over a 
large geographic area but can also be used to 
assess the impacts from specific sources. 
7 11 12 

b. The first tier of assessment for ozone 
impacts involves those situations where ex-
isting technical information is available 
(e.g., results from existing photochemical 
grid modeling, published empirical estimates 
of source specific impacts, or reduced-form 
models) in combination with other sup-
portive information and analysis for the pur-
poses of estimating secondary impacts from 
a particular source. The existing technical 
information should provide a credible and 
representative estimate of the secondary im-
pacts from the project source. The appro-
priate reviewing authority (paragraph 3.0(b)) 
and appropriate EPA guidance 66 should be 
consulted to determine what types of assess-
ments may be appropriate on a case-by-case 
basis. 

c. The second tier of assessment for ozone 
impacts involves those situations where ex-
isting technical information is not available 
or a first tier demonstration indicates a 
more refined assessment is needed. For these 
situations, chemical transport models should 
be used to address single-source impacts. 
Special considerations are needed when 
using these models to evaluate the ozone im-
pact from an individual source. Guidance on 
the use of models and other analyses for 
demonstrating the impacts of single sources 
for ozone is available. 66 This guidance docu-
ment provides a more detailed discussion of 
the appropriate approaches to obtaining esti-
mates of ozone impacts from a single source. 
Model users should use the latest version of 
the guidance in consultation with the appro-
priate reviewing authority (paragraph 3.0(b)) 
to determine the most suitable refined ap-
proach for single-source ozone modeling on a 
case-by-case basis. 

5.4 Recommended Models and Approaches for 
Secondarily Formed PM2.5 

a. Models that estimate PM2.5 concentra-
tions are needed to guide the choice of strat-
egies for the purposes of a nonattainment 
area demonstrating future year attainment 
of the PM2.5 NAAQS. Additionally, models 
that estimate PM2.5 concentrations are need-
ed to assess impacts from specific sources or 
source complexes to satisfy requirements for 
NSR and other regulatory programs. Other 
purposes for PM2.5 modeling include esti-
mating the impacts of specific events on air 
quality, visibility, deposition impacts, and 
planning for areas that may be attaining the 
PM2.5 NAAQS. 

5.4.1 Models for NAAQS Attainment Dem-
onstrations and Multi-Source Air Quality 
Assessments 

a. Models for PM2.5 are needed to assess the 
adequacy of a proposed strategy for meeting 
the annual and 24-hour PM2.5 NAAQS. Mod-
eling primary and secondary PM2.5 can be a 
multi-faceted and complex problem, espe-
cially for secondary components of PM2.5 
such as sulfates and nitrates. Control agen-
cies with jurisdiction over areas with sec-
ondary PM2.5 problems should use models 
that integrate chemical and physical proc-
esses important in the formation, decay, and 
transport of these species (e.g., photo-
chemical grid models). Suitability of a mod-
eling approach or mix of modeling ap-
proaches for a given application requires 
technical judgment as well as professional 
experience in choice of models, use of the 
model(s) in an attainment test, development 
of emissions and meteorological inputs to 
the model, and selection of days to model. 
Guidance on the use of models and other 
analyses for demonstrating attainment of 
the air quality goals for PM2.5 is avail-
able.59 60 Users should consult with the ap-
propriate reviewing authority (paragraph 
3.0(b)) to ensure the most current modeling 
guidance is applied. 

5.4.2 Models for Single-Source Air Quality 
Assessments 

a. Depending on the magnitude of emis-
sions, estimating the impact of an individual 
source’s emissions on secondary particulate 
matter concentrations may be necessary for 
obtaining a permit. Primary PM2.5 compo-
nents shall be simulated using the general 
modeling requirements in section 4.2.3.5. The 
simulation of secondary particulate matter 
formation and transport is a complex exer-
cise requiring realistic treatment of atmos-
pheric chemistry and deposition. Models 
should be applied that integrate chemical 
and physical processes important in the for-
mation, decay, and transport of these species 
(e.g., Lagrangian and photochemical grid 
models). Photochemical grid models are pri-
marily designed to characterize precursor 
emissions and impacts from a wide variety of 
sources over a large geographic area and can 
also be used to assess the impacts from spe-
cific sources.7 10 For situations where a 
project source emits both primary PM2.5 and 
PM2.5 precursors, the contribution from both 
should be combined for use in determining 
the source’s ambient impact. Approaches for 
combining primary and secondary impacts 
are provided in appropriate guidance for sin-
gle source permit related demonstrations. 66 

b. The first tier of assessment for sec-
ondary PM2.5 impacts involves those situa-
tions where existing technical information is 
available (e.g., results from existing photo-
chemical grid modeling, published empirical 
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estimates of source specific impacts, or re-
duced-form models) in combination with 
other supportive information and analysis 
for the purposes of estimating secondary im-
pacts from a particular source. The existing 
technical information should provide a cred-
ible and representative estimate of the sec-
ondary impacts from the project source. The 
appropriate reviewing authority (paragraph 
3.0(b)) and appropriate EPA guidance 66 
should be consulted to determine what types 
of assessments may be appropriate on a case- 
by-case basis. 

c. The second tier of assessment for sec-
ondary PM2.5 impacts involves those situa-
tions where existing technical information is 
not available or a first tier demonstration 
indicates a more refined assessment is need-
ed. For these situations, chemical transport 
models should be used for assessments of sin-
gle-source impacts. Special considerations 
are needed when using these models to evalu-
ate the secondary particulate matter impact 
from an individual source. Guidance on the 
use of models and other analyses for dem-
onstrating the impacts of single sources for 
secondary PM2.5 is available. 66 This guidance 
document provides a more detailed discus-
sion of the appropriate approaches to obtain-
ing estimates of secondary particulate mat-
ter concentrations from a single source. 
Model users should use the latest version of 
this guidance in consultation with the appro-
priate reviewing authority (paragraph 3.0(b)) 
to determine the most suitable single-source 
modeling approach for secondary PM2.5 on a 
case-by-case basis. 

6.0 MODELING FOR AIR QUALITY RELATED 
VALUES AND OTHER GOVERNMENTAL PRO-
GRAMS 

6.1 Discussion 

a. Other federal government agencies and 
state, local, and tribal agencies with air 
quality and land management responsibil-
ities have also developed specific modeling 
approaches for their own regulatory or other 
requirements. Although such regulatory re-
quirements and guidance have come about 
because of EPA rules or standards, the im-
plementation of such regulations and the use 
of the modeling techniques is under the ju-
risdiction of the agency issuing the guidance 
or directive. This section covers such situa-
tions with reference to those guidance docu-
ments, when they are available. 

b. When using the model recommended or 
discussed in the Guideline in support of pro-
grammatic requirements not specifically 
covered by EPA regulations, the model user 
should consult the appropriate federal, state, 
local, or tribal agency to ensure the proper 
application and use of the models and/or 
techniques. These agencies have developed 
specific modeling approaches for their own 
regulatory or other requirements. Most of 

the programs have, or will have when fully 
developed, separate guidance documents that 
cover the program and a discussion of the 
tools that are needed. The following para-
graphs reference those guidance documents, 
when they are available. 

6.2 Air Quality Related Values 

a. The 1990 CAA Amendments give FLMs 
an ‘‘affirmative responsibility’’ to protect 
the natural and cultural resources of Class I 
areas from the adverse impacts of air pollu-
tion and to provide the appropriate proce-
dures and analysis techniques. The CAA 
identifies the FLM as the Secretary of the 
department, or their designee, with author-
ity over these lands. Mandatory Federal 
Class I areas are defined in the CAA as inter-
national parks, national parks over 6,000 
acres, and wilderness areas and memorial 
parks over 5,000 acres, established as of 1977. 
The FLMs are also concerned with the pro-
tection of resources in federally managed 
Class II areas because of other statutory 
mandates to protect these areas. Where state 
or tribal agencies have successfully peti-
tioned the EPA and lands have been redesig-
nated to Class I status, these agencies may 
have equivalent responsibilities to that of 
the FLMs for these non-federal Class I areas 
as described throughout the remainder of 
section 6.2. 

b. The FLM agency responsibilities include 
the review of air quality permit applications 
from proposed new or modified major pollu-
tion sources that may affect these Class I 
areas to determine if emissions from a pro-
posed or modified source will cause or con-
tribute to adverse impacts on air quality re-
lated values (AQRVs) of a Class I area and 
making recommendations to the FLM. 
AQRVs are resources, identified by the FLM 
agencies, that have the potential to be af-
fected by air pollution. These resources may 
include visibility, scenic, cultural, physical, 
or ecological resources for a particular area. 
The FLM agencies take into account the par-
ticular resources and AQRVs that would be 
affected; the frequency and magnitude of any 
potential impacts; and the direct, indirect, 
and cumulative effects of any potential im-
pacts in making their recommendations. 

c. While the AQRV notification and impact 
analysis requirements are outlined in the 
PSD regulations at 40 CFR 51.166(p) and 40 
CFR 52.21(p), determination of appropriate 
analytical methods and metrics for AQRV’s 
are determined by the FLM agencies and are 
published in guidance external to the general 
recommendations of this paragraph. 

d. To develop greater consistency in the 
application of air quality models to assess 
potential AQRV impacts in both Class I 
areas and protected Class II areas, the FLM 
agencies have developed the Federal Land 
Managers’ Air Quality Related Values Work 
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Group Phase I Report (FLAG).67 FLAG fo-
cuses upon specific technical and policy 
issues associated with visibility impairment, 
effects of pollutant deposition on soils and 
surface waters, and ozone effects on vegeta-
tion. Model users should consult the latest 
version of the FLAG report for current mod-
eling guidance and with affected FLM agen-
cy representatives for any application spe-
cific guidance which is beyond the scope of 
the Guideline. 

6.2.1 Visibility 

a. Visibility in important natural areas 
(e.g., Federal Class I areas) is protected 
under a number of provisions of the CAA, in-
cluding sections 169A and 169B (addressing 
impacts primarily from existing sources) and 
section 165 (new source review). Visibility 
impairment is caused by light scattering and 
light absorption associated with particles 
and gases in the atmosphere. In most areas 
of the country, light scattering by PM2.5 is 
the most significant component of visibility 
impairment. The key components of PM2.5 
contributing to visibility impairment in-
clude sulfates, nitrates, organic carbon, ele-
mental carbon, and crustal material.67 

b. Visibility regulations (40 CFR 51.300 
through 51.309) require state, local, and trib-
al agencies to mitigate current and prevent 
future visibility impairment in any of the 156 
mandatory Federal Class I areas where visi-
bility is considered an important attribute. 
In 1999, the EPA issued revisions to the regu-
lations to address visibility impairment in 
the form of regional haze, which is caused by 
numerous, diverse sources (e.g., stationary, 
mobile, and area sources) located across a 
broad region (40 CFR 51.308 through 51.309). 
The state of relevant scientific knowledge 
has expanded significantly since that time. A 
number of studies and reports 68 69 have con-
cluded that long-range transport (e.g., up to 
hundreds of kilometers) of fine particulate 
matter plays a significant role in visibility 
impairment across the country. Section 169A 
of the CAA requires states to develop SIPs 
containing long-term strategies for rem-
edying existing and preventing future visi-
bility impairment in the 156 mandatory 
Class I Federal areas, where visibility is con-
sidered an important attribute. In order to 
develop long-term strategies to address re-
gional haze, many state, local, and tribal 
agencies will need to conduct regional-scale 
modeling of fine particulate concentrations 
and associated visibility impairment. 

c. The FLAG visibility modeling rec-
ommendations are divided into two distinct 
sections to address different requirements 
for: (1) Near field modeling where plumes or 
layers are compared against a viewing back-
ground, and (2) distant/multi-source mod-
eling for plumes and aggregations of plumes 
that affect the general appearance of a 

scene.67 The recommendations separately ad-
dress visibility assessments for sources pro-
posing to locate relatively near and at far-
ther distances from these areas.67 

6.2.1.1 Models for Estimating Near-Field 
Visibility Impairment 

a. To calculate the potential impact of a 
plume of specified emissions for specific 
transport and dispersion conditions (‘‘plume 
blight’’) for source-receptor distances less 
than 50 km, a screening model and guidance 
are available.67 70 If a more comprehensive 
analysis is necessary, a refined model should 
be selected. The model selection, procedures, 
and analyses should be determined in con-
sultation with the appropriate reviewing au-
thority (paragraph 3.0(b)) and the affected 
FLM(s). 

6.2.1.2 Models for Estimating Visibility 
Impairment for Long-Range Transport 

a. Chemical transformations can play an 
important role in defining the concentra-
tions and properties of certain air pollut-
ants. Models that take into account chem-
ical reactions and physical processes of var-
ious pollutants (including precursors) are 
needed for determining the current state of 
air quality, as well as predicting and pro-
jecting the future evolution of these pollut-
ants. It is important that a modeling system 
provide a realistic representation of chem-
ical and physical processes leading to sec-
ondary pollutant formation and removal 
from the atmosphere. 

b. Chemical transport models treat atmos-
pheric chemical and physical processes such 
as deposition and motion. There are two 
types of chemical transport models, Eulerian 
(grid based) and Lagrangian. These types of 
models are differentiated from each other by 
their frame of reference. Eulerian models are 
based on a fixed frame of reference and 
Lagrangian models use a frame of reference 
that moves with parcels of air between the 
source and receptor point.9 Photochemical 
grid models are three-dimensional Eulerian 
grid-based models that treat chemical and 
physical processes in each grid cell and use 
diffusion and transport processes to move 
chemical species between grid cells.9 These 
types of models are appropriate for assess-
ment of near-field and regional scale reac-
tive pollutant impacts from specific 
sources 7 10 11 12 or all sources.13 14 15 

c. Development of the requisite meteoro-
logical and emissions databases necessary 
for use of photochemical grid models to esti-
mate AQRVs should conform to rec-
ommendations in section 8 and those out-
lined in the EPA’s Modeling Guidance for 
Demonstrating Attainment of Air Quality Goals 
for Ozone, PM2.5, and Regional Haze.60 Dem-
onstration of the adequacy of prognostic me-
teorological fields can be established 
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through appropriate diagnostic and statis-
tical performance evaluations consistent 
with recommendations provided in the ap-
propriate guidance.60 Model users should con-
sult the latest version of this guidance and 
with the appropriate reviewing authority 
(paragraph 3.0(b)) for any application-spe-
cific guidance that is beyond the scope of 
this subsection. 

6.2.2 Models for Estimating Deposition 
Impacts 

a. For many Class I areas, AQRVs have 
been identified that are sensitive to atmos-
pheric deposition of air pollutants. Emis-
sions of NOX, sulfur oxides, NH3, mercury, 
and secondary pollutants such as ozone and 
particulate matter affect components of eco-
systems. In sensitive ecosystems, these com-
pounds can acidify soils and surface waters, 
add nutrients that change biodiversity, and 
affect the ecosystem services provided by 
forests and natural areas.67 To address the 
relationship between deposition and eco-
system effects, the FLM agencies have devel-
oped estimates of critical loads. A critical 
load is defined as, ‘‘A quantitative estimate 
of an exposure to one or more pollutants 
below which significant harmful effects on 
specified sensitive elements of the environ-
ment do not occur according to present 
knowledge.’’ 71 

b. The FLM deposition modeling rec-
ommendations are divided into two distinct 
sections to address different requirements 
for: (1) Near field modeling, and (2) distant/ 
multi-source modeling for cumulative ef-
fects. The recommendations separately ad-
dress deposition assessments for sources pro-
posing to locate relatively near and at far-
ther distances from these areas.67 Where the 
source and receptors are not in close prox-
imity, chemical transport (e.g., photo-
chemical grid) models generally should be 
applied for an assessment of deposition im-
pacts due to one or a small group of sources. 
Over these distances, chemical and physical 
transformations can change atmospheric res-
idence time due to different propensity for 
deposition to the surface of different forms 
of nitrate and sulfate. Users should consult 
the latest version of the FLAG report 67 and 
relevant FLM representatives for guidance 
on the use of models for deposition. Where 
source and receptors are in close proximity, 
users should contact the appropriate FLM 
for application-specific guidance. 

6.3 Modeling Guidance for Other 
Governmental Programs 

a. Dispersion and photochemical grid mod-
eling may need to be conducted to ensure 
that individual and cumulative offshore oil 
and gas exploration, development, and pro-
duction plans and activities do not signifi-
cantly affect the air quality of any state as 

required under the Outer Continental Shelf 
Lands Act (OCSLA). Air quality modeling re-
quires various input datasets, including 
emissions sources, meteorology, and pre-ex-
isting pollutant concentrations. For sources 
under the reviewing authority of the Depart-
ment of Interior, Bureau of Ocean Energy 
Management (BOEM), guidance for the de-
velopment of all necessary Outer Conti-
nental Shelf (OCS) air quality modeling in-
puts and appropriate model selection and ap-
plication is available from the BOEM’s Web 
site: https://www.boem.gov/GOMR-Environ-
mental-Compliance. 

b. The Federal Aviation Administration 
(FAA) is the appropriate reviewing authority 
for air quality assessments of primary pol-
lutant impacts at airports and air bases. The 
Aviation Environmental Design Tool (AEDT) 
is developed and supported by the FAA, and 
is appropriate for air quality assessment of 
primary pollutant impacts at airports or air 
bases. AEDT has adopted AERMOD for treat-
ing dispersion. Application of AEDT is in-
tended for estimating the change in emis-
sions for aircraft operations, point source, 
and mobile source emissions on airport prop-
erty and quantify the associated pollutant 
level- concentrations. AEDT is not intended 
for PSD, SIP, or other regulatory air quality 
analyses of point or mobile sources at or pe-
ripheral to airport property that are unre-
lated to airport operations. The latest 
version of AEDT may be obtained from the 
FAA at: https://aedt.faa.gov. 

7.0 GENERAL MODELING CONSIDERATIONS 

7.1 Discussion 

a. This section contains recommendations 
concerning a number of different issues not 
explicitly covered in other sections of the 
Guideline. The topics covered here are not 
specific to any one program or modeling 
area, but are common to dispersion modeling 
analyses for criteria pollutants. 

7.2 Recommendations 

7.2.1 All Sources 

7.2.1.1 Dispersion Coefficients 

a. For any dispersion modeling exercise, 
the urban or rural determination of a source 
is critical in determining the boundary layer 
characteristics that affect the model’s pre-
diction of downwind concentrations. Histori-
cally, steady-state Gaussian plume models 
used in most applications have employed dis-
persion coefficients based on Pasquill-Gif-
ford 72 in rural areas and McElroy-Pooler 73 in 
urban areas. These coefficients are still in-
corporated in the BLP and OCD models. 
However, the AERMOD model incorporates a 
more up-to-date characterization of the at-
mospheric boundary layer using continuous 
functions of parameterized horizontal and 
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vertical turbulence based on Monin-Obukhov 
similarity (scaling) relationships.44 Another 
key feature of AERMOD’s formulation is the 
option to use directly observed variables of 
the boundary layer to parameterize disper-
sion.44 45 

b. The selection of rural or urban disper-
sion coefficients in a specific application 
should follow one of the procedures sug-
gested by Irwin 74 to determine whether the 
character of an area is primarily urban or 
rural (of the two methods, the land use pro-
cedure is considered more definitive.): 

i. Land Use Procedure: (1) Classify the land 
use within the total area, Ao, circumscribed 
by a 3 km radius circle about the source 
using the meteorological land use typing 
scheme proposed by Auer; 75 (2) if land use 
types I1, I2, C1, R2, and R3 account for 50 per-
cent or more of Ao, use urban dispersion coef-
ficients; otherwise, use appropriate rural dis-
persion coefficients. 

ii. Population Density Procedure: (1) Com-
pute the average population density, p̄ per 
square kilometer with Ao as defined above; 
(2) If p̄ is greater than 750 people per square 
kilometer, use urban dispersion coefficients; 
otherwise use appropriate rural dispersion 
coefficients. 

c. Population density should be used with 
caution and generally not be applied to high-
ly industrialized areas where the population 
density may be low and, thus, a rural classi-
fication would be indicated. However, the 
area is likely to be sufficiently built-up so 
that the urban land use criteria would be 
satisfied. Therefore, in this case, the classi-
fication should be ‘‘urban’’ and urban disper-
sion parameters should be used. 

d. For applications of AERMOD in urban 
areas, under either the Land Use Procedure 
or the Population Density Procedure, the 
user needs to estimate the population of the 
urban area affecting the modeling domain 
because the urban influence in AERMOD is 
scaled based on a user-specified population. 
For non-population oriented urban areas, or 
areas influenced by both population and in-
dustrial activity, the user will need to esti-
mate an equivalent population to adequately 
account for the combined effects of industri-
alized areas and populated areas within the 
modeling domain. Selection of the appro-
priate population for these applications 
should be determined in consultation with 
the appropriate reviewing authority (para-
graph 3.0(b)) and the latest version of the 
AERMOD Implementation Guide.76 

e. It should be noted that AERMOD allows 
for modeling rural and urban sources in a 
single model run. For analyses of whole 
urban complexes, the entire area should be 
modeled as an urban region if most of the 
sources are located in areas classified as 
urban. For tall stacks located within or adja-
cent to small or moderate sized urban areas, 
the stack height or effective plume height 

may extend above the urban boundary layer 
and, therefore, may be more appropriately 
modeled using rural coefficients. Model users 
should consult with the appropriate review-
ing authority (paragraph 3.0(b)) and the lat-
est version of the AERMOD Implementation 
Guide 76 when evaluating this situation. 

f. Buoyancy-induced dispersion (BID), as 
identified by Pasquill,77 is included in the 
preferred models and should be used where 
buoyant sources (e.g., those involving fuel 
combustion) are involved. 

7.2.1.2 Complex Winds 

a. Inhomogeneous local winds. In many parts 
of the United States, the ground is neither 
flat nor is the ground cover (or land use) uni-
form. These geographical variations can gen-
erate local winds and circulations, and mod-
ify the prevailing ambient winds and circula-
tions. Typically, geographic effects are more 
apparent when the ambient winds are light 
or calm, as stronger synoptic or mesoscale 
winds can modify, or even eliminate the 
weak geographic circulations.78 In general, 
these geographically induced wind circula-
tion effects are named after the source loca-
tion of the winds, e.g., lake and sea breezes, 
and mountain and valley winds. In very rug-
ged hilly or mountainous terrain, along 
coastlines, or near large land use variations, 
the characteristics of the winds are a bal-
ance of various forces, such that the assump-
tions of steady-state straight-line transport 
both in time and space are inappropriate. In 
such cases, a model should be chosen to fully 
treat the time and space variations of mete-
orology effects on transport and dispersion. 
The setup and application of such a model 
should be determined in consultation with 
the appropriate reviewing authority (para-
graph 3.0(b)) consistent with limitations of 
paragraph 3.2.2(e). The meteorological input 
data requirements for developing the time 
and space varying three-dimensional winds 
and dispersion meteorology for these situa-
tions are discussed in paragraph 8.4.1.2(c). 
Examples of inhomogeneous winds include, 
but are not limited to, situations described 
in the following paragraphs: 

i. Inversion breakup fumigation. Inversion 
breakup fumigation occurs when a plume (or 
multiple plumes) is emitted into a stable 
layer of air and that layer is subsequently 
mixed to the ground through convective 
transfer of heat from the surface or because 
of advection to less stable surroundings. Fu-
migation may cause excessively high con-
centrations, but is usually rather short-lived 
at a given receptor. There are no rec-
ommended refined techniques to model this 
phenomenon. There are, however, screening 
procedures 40 that may be used to approxi-
mate the concentrations. Considerable care 
should be exercised in using the results ob-
tained from the screening techniques. 
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ii. Shoreline fumigation. Fumigation can be 
an important phenomenon on and near the 
shoreline of bodies of water. This can affect 
both individual plumes and area-wide emis-
sions. When fumigation conditions are ex-
pected to occur from a source or sources 
with tall stacks located on or just inland of 
a shoreline, this should be addressed in the 
air quality modeling analysis. The EPA has 
evaluated several coastal fumigation models, 
and the evaluation results of these models 
are available for their possible application 
on a case-by-case basis when air quality esti-
mates under shoreline fumigation conditions 
are needed.79 Selection of the appropriate 
model for applications where shoreline fumi-
gation is of concern should be determined in 
consultation with the appropriate reviewing 
authority (paragraph 3.0(b)). 

iii. Stagnation. Stagnation conditions are 
characterized by calm or very low wind 
speeds, and variable wind directions. These 
stagnant meteorological conditions may per-
sist for several hours to several days. During 
stagnation conditions, the dispersion of air 
pollutants, especially those from low-level 
emissions sources, tends to be minimized, po-
tentially leading to relatively high ground- 
level concentrations. If point sources are of 
interest, users should note the guidance pro-
vided in paragraph (a) of this subsection. Se-
lection of the appropriate model for applica-
tions where stagnation is of concern should 
be determined in consultation with the ap-
propriate reviewing authority (paragraph 
3.0(b)). 

7.2.1.3 Gravitational Settling and 
Deposition 

a. Gravitational settling and deposition 
may be directly included in a model if either 
is a significant factor. When particulate 
matter sources can be quantified and set-
tling and dry deposition are problems, use 
professional judgment along with coordina-
tion with the appropriate reviewing author-
ity (paragraph 3.0(b)). AERMOD contains al-
gorithms for dry and wet deposition of gases 
and particles.80 For other Gaussian plume 
models, an ‘‘infinite half-life’’ may be used 
for estimates of particle concentrations 
when only exponential decay terms are used 
for treating settling and deposition. 
Lagrangian models have varying degrees of 
complexity for dealing with settling and dep-
osition and the selection of a 
parameterization for such should be included 
in the approval process for selecting a 
Lagrangian model. Eulerian grid models 
tend to have explicit parameterizations for 
gravitational settling and deposition as well 
as wet deposition parameters already in-
cluded as part of the chemistry scheme. 

7.2.2 Stationary Sources 

7.2.2.1 Good Engineering Practice Stack 
Height 

a. The use of stack height credit in excess 
of Good Engineering Practice (GEP) stack 
height or credit resulting from any other dis-
persion technique is prohibited in the devel-
opment of emissions limits by 40 CFR 51.118 
and 40 CFR 51.164. The definition of GEP 
stack height and dispersion technique are 
contained in 40 CFR 51.100. Methods and pro-
cedures for making the appropriate stack 
height calculations, determining stack 
height credits and an example of applying 
those techniques are found in several ref-
erences,81 82 83 84 that provide a great deal of 
additional information for evaluating and 
describing building cavity and wake effects. 

b. If stacks for new or existing major 
sources are found to be less than the height 
defined by the EPA’s refined formula for de-
termining GEP height, then air quality im-
pacts associated with cavity or wake effects 
due to the nearby building structures should 
be determined. The EPA refined formula 
height is defined as H + 1.5L.83 Since the defi-
nition of GEP stack height defines excessive 
concentrations as a maximum ground-level 
concentration due in whole or in part to 
downwash of at least 40 percent in excess of 
the maximum concentration without 
downwash, the potential air quality impacts 
associated with cavity and wake effects 
should also be considered for stacks that 
equal or exceed the EPA formula height for 
GEP. The AERSCREEN model can be used to 
obtain screening estimates of potential 
downwash influences, based on the PRIME 
downwash algorithm incorporated in the 
AERMOD model. If more refined concentra-
tion estimates are required, AERMOD should 
be used (section 4.2.2). 

7.2.2.2 Plume Rise 

a. The plume rise methods of Briggs 85 86 are 
incorporated in many of the preferred mod-
els and are recommended for use in many 
modeling applications. In AERMOD,44 45 for 
the stable boundary layer, plume rise is esti-
mated using an iterative approach, similar 
to that in the CTDMPLUS model. In the con-
vective boundary layer, plume rise is 
superposed on the displacements by random 
convective velocities.87 In AERMOD, plume 
rise is computed using the methods of 
Briggs, except in cases involving building 
downwash, in which a numerical solution of 
the mass, energy, and momentum conserva-
tion laws is performed.88 No explicit provi-
sions in these models are made for 
multistack plume rise enhancement or the 
handling of such special plumes as flares. 

b. Gradual plume rise is generally rec-
ommended where its use is appropriate: (1) In 
AERMOD; (2) in complex terrain screening 
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procedures to determine close-in impacts; 
and (3) when calculating the effects of build-
ing wakes. The building wake algorithm in 
AERMOD incorporates and exercises the 
thermodynamically based gradual plume rise 
calculations as described in paragraph (a) of 
this subsection. If the building wake is cal-
culated to affect the plume for any hour, 
gradual plume rise is also used in downwind 
dispersion calculations to the distance of 
final plume rise, after which final plume rise 
is used. Plumes captured by the near wake 
are re-emitted to the far wake as a ground- 
level volume source. 

c. Stack tip downwash generally occurs 
with poorly constructed stacks and when the 
ratio of the stack exit velocity to wind speed 
is small. An algorithm developed by Briggs 86 
is the recommended technique for this situa-
tion and is used in preferred models for point 
sources. 

d. On a case-by-case basis, refinements to 
the preferred model may be considered for 
plume rise and downwash effects and shall 
occur in agreement with the appropriate re-
viewing authority (paragraph 3.0(b)) and ap-
proval by the EPA Regional Office based on 
the requirements of section 3.2.2. 

7.2.3 Mobile Sources 

a. Emissions of primary pollutants from 
mobile sources can be modeled with an ap-
propriate model identified in section 4.2. 
Screening of mobile sources can be accom-
plished by using screening meteorology, e.g., 
worst-case meteorological conditions. Max-
imum hourly concentrations computed from 
screening modeling can be converted to 
longer averaging periods using the scaling 
ratios specified in the AERSCREEN User’s 
Guide.37 

b. Mobile sources can be modeled in 
AERMOD as either line (i.e., elongated area) 
sources or as a series of volume sources. 
However, since mobile source modeling usu-
ally includes an analysis of very near-source 
impacts (e.g., hot-spot modeling, which can 
include receptors within 5–10 meters (m) of 
the roadway), the results can be highly sen-
sitive to the characterization of the mobile 
emissions. Important characteristics for 
both line/area and volume sources include 
the plume release height, source width, and 
initial dispersion characteristics, and should 
also take into account the impact of traffic- 
induced turbulence that can cause roadway 
sources to have larger initial dimensions 
than might normally be used for rep-
resenting line sources. 

c. The EPA’s quantitative PM hot-spot 
guidance 61 and Haul Road Workgroup Final 
Report63 provide guidance on the appropriate 
characterization of mobile sources as a func-
tion of the roadway and vehicle characteris-
tics. The EPA’s quantitative PM hot-spot 
guidance includes important considerations 
and should be consulted when modeling road-

way links. Area, line or volume sources may 
be used for modeling mobile sources. How-
ever, experience in the field has shown that 
area sources may be easier to characterize 
correctly compared to volume sources. If 
volume sources are used, it is particularly 
important to ensure that roadway emissions 
are appropriately spaced when using volume 
source so that the emissions field is uniform 
across the roadway. Additionally, receptor 
placement is particularly important for vol-
ume sources that have ‘‘exclusion zones’’ 
where concentrations are not calculated for 
receptors located ‘‘within’’ the volume 
sources, i.e., less than 2.15 times the initial 
lateral dispersion coefficient from the center 
of the volume.61 Placing receptors in these 
‘‘exclusion zones’’ will result in underesti-
mates of roadway impacts. 

8.0 MODEL INPUT DATA 

a. Databases and related procedures for es-
timating input parameters are an integral 
part of the modeling process. The most ap-
propriate input data available should always 
be selected for use in modeling analyses. 
Modeled concentrations can vary widely de-
pending on the source data or meteorological 
data used. This section attempts to minimize 
the uncertainty associated with database se-
lection and use by identifying requirements 
for input data used in modeling. More spe-
cific data requirements and the format re-
quired for the individual models are de-
scribed in detail in the user’s guide and/or 
associated documentation for each model. 

8.1 Modeling Domain 

8.1.1 Discussion 

a. The modeling domain is the geographic 
area for which the required air quality anal-
yses for the NAAQS and PSD increments are 
conducted. 

8.1.2 Requirements 

a. For a NAAQS or PSD increments assess-
ment, the modeling domain or project’s im-
pact area shall include all locations where 
the emissions of a pollutant from the new or 
modifying source(s) may cause a significant 
ambient impact. This impact area is defined 
as an area with a radius extending from the 
new or modifying source to: (1) The most dis-
tant location where air quality modeling 
predicts a significant ambient impact will 
occur, or (2) the nominal 50 km distance con-
sidered applicable for Gaussian dispersion 
models, whichever is less. The required air 
quality analysis shall be carried out within 
this geographical area with characterization 
of source impacts, nearby source impacts, 
and background concentrations, as rec-
ommended later in this section. 

b. For SIP attainment demonstrations for 
ozone and PM2.5, or regional haze reasonable 
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progress goal analyses, the modeling domain 
is determined by the nature of the problem 
being modeled and the spatial scale of the 
emissions that impact the nonattainment or 
Class I area(s). The modeling domain shall be 
designed so that all major upwind source 
areas that influence the downwind non-
attainment area are included in addition to 
all monitor locations that are currently or 
recently violating the NAAQS or close to 
violating the NAAQS in the nonattainment 
area. Similarly, all Class I areas to be evalu-
ated in a regional haze modeling application 
shall be included and sufficiently distant 
from the edge of the modeling domain. Guid-
ance on the determination of the appropriate 
modeling domain for photochemical grid 
models in demonstrating attainment of these 
air quality goals is available.60 Users should 
consult the latest version of this guidance 
for the most current modeling guidance and 
the appropriate reviewing authority (para-
graph 3.0(b)) for any application specific 
guidance that is beyond the scope of this sec-
tion. 

8.2 Source Data 

8.2.1 Discussion 

a. Sources of pollutants can be classified as 
point, line, area, and volume sources. Point 
sources are defined in terms of size and may 
vary between regulatory programs. The line 
sources most frequently considered are road-
ways and streets along which there are well- 
defined movements of motor vehicles. They 
may also be lines of roof vents or stacks, 
such as in aluminum refineries. Area and 
volume sources are often collections of a 
multitude of minor sources with individually 
small emissions that are impractical to con-
sider as separate point or line sources. Large 
area sources are typically treated as a grid 
network of square areas, with pollutant 
emissions distributed uniformly within each 
grid square. Generally, input data require-
ments for air quality models necessitate the 
use of metric units. As necessary, any 
English units common to engineering appli-
cations should be appropriately converted to 
metric. 

b. For point sources, there are many 
source characteristics and operating condi-
tions that may be needed to appropriately 
model the facility. For example, the plant 
layout (e.g., location of stacks and build-
ings), stack parameters (e.g., height and di-
ameter), boiler size and type, potential oper-
ating conditions, and pollution control 
equipment parameters. Such details are re-
quired inputs to air quality models and are 
needed to determine maximum potential im-
pacts. 

c. Modeling mobile emissions from streets 
and highways requires data on the road lay-
out, including the width of each traveled 
lane, the number of lanes, and the width of 

the median strip. Additionally, traffic pat-
terns should be taken into account (e.g., 
daily cycles of rush hour, differences in 
weekday and weekend traffic volumes, and 
changes in the distribution of heavy-duty 
trucks and light-duty passenger vehicles), as 
these patterns will affect the types and 
amounts of pollutant emissions allocated to 
each lane and the height of emissions. 

d. Emission factors can be determined 
through source-specific testing and measure-
ments (e.g., stack test data) from existing 
sources or provided from a manufacturing 
association or vendor. Additionally, emis-
sions factors for a variety of source types are 
compiled in an EPA publication commonly 
known as AP–42.89 AP–42 also provides an in-
dication of the quality and amount of data 
on which many of the factors are based. 
Other information concerning emissions is 
available in EPA publications relating to 
specific source categories. The appropriate 
reviewing authority (paragraph 3.0(b)) should 
be consulted to determine appropriate source 
definitions and for guidance concerning the 
determination of emissions from and tech-
niques for modeling the various source types. 

8.2.2 Requirements 

a. For SIP attainment demonstrations for 
the purpose of projecting future year NAAQS 
attainment for ozone, PM2.5, and regional 
haze reasonable progress goal analyses, emis-
sions which reflect actual emissions during 
the base modeling year time period should be 
input to models for base year modeling. 
Emissions projections to future years should 
account for key variables such as growth due 
to increased or decreased activity, expected 
emissions controls due to regulations, settle-
ment agreements or consent decrees, fuel 
switches, and any other relevant informa-
tion. Guidance on emissions estimation tech-
niques (including future year projections) for 
SIP attainment demonstrations is avail-
able.60 90 

b. For the purpose of SIP revisions for sta-
tionary point sources, the regulatory mod-
eling of inert pollutants shall use the emis-
sions input data shown in Table 8–1 for short- 
term and long-term NAAQS. To demonstrate 
compliance and/or establish the appropriate 
SIP emissions limits, Table 8–1 generally 
provides for the use of ‘‘allowable’’ emissions 
in the regulatory dispersion modeling of the 
stationary point source(s) of interest. In 
such modeling, these source(s) should be 
modeled sequentially with these loads for 
every hour of the year. As part of a cumu-
lative impact analysis, Table 8–1 allows for 
the model user to account for actual oper-
ations in developing the emissions inputs for 
dispersion modeling of nearby sources, while 
other sources are best represented by air 
quality monitoring data. Consultation with 

VerDate Sep<11>2014 12:41 Oct 01, 2019 Jkt 247152 PO 00000 Frm 00634 Fmt 8010 Sfmt 8002 Y:\SGML\247152.XXX 247152js
pe

ar
s 

on
 D

S
K

3G
M

Q
08

2P
R

O
D

 w
ith

 C
F

R



625 

Environmental Protection Agency Pt. 51, App. W 

the appropriate reviewing authority (para-
graph 3.0(b)) is advisable on the establish-
ment of the appropriate emissions inputs for 
regulatory modeling applications with re-
spect to SIP revisions for stationary point 
sources. 

c. For the purposes of demonstrating 
NAAQS compliance in a PSD assessment, the 
regulatory modeling of inert pollutants shall 
use the emissions input data shown in Table 
8–2 for short and long-term NAAQS. The new 
or modifying stationary point source shall be 
modeled with ‘‘allowable’’ emissions in the 
regulatory dispersion modeling. As part of a 
cumulative impact analysis, Table 8–2 allows 
for the model user to account for actual op-
erations in developing the emissions inputs 
for dispersion modeling of nearby sources, 
while other sources are best represented by 
air quality monitoring data. For purposes of 
situations involving emissions trading, refer 
to current EPA policy and guidance to estab-
lish input data. Consultation with the appro-
priate reviewing authority (paragraph 3.0(b)) 
is advisable on the establishment of the ap-
propriate emissions inputs for regulatory 
modeling applications with respect to PSD 
assessments for a proposed new or modifying 
source. 

d. For stationary source applications, 
changes in operating conditions that affect 
the physical emission parameters (e.g., re-
lease height, initial plume volume, and exit 
velocity) shall be considered to ensure that 
maximum potential impacts are appro-
priately determined in the assessment. For 
example, the load or operating condition for 
point sources that causes maximum ground- 
level concentrations shall be established. As 
a minimum, the source should be modeled 
using the design capacity (100 percent load). 
If a source operates at greater than design 
capacity for periods that could result in vio-
lations of the NAAQS or PSD increments, 

this load should be modeled. Where the 
source operates at substantially less than de-
sign capacity, and the changes in the stack 
parameters associated with the operating 
conditions could lead to higher ground level 
concentrations, loads such as 50 percent and 
75 percent of capacity should also be mod-
eled. Malfunctions which may result in ex-
cess emissions are not considered to be a 
normal operating condition. They generally 
should not be considered in determining al-
lowable emissions. However, if the excess 
emissions are the result of poor mainte-
nance, careless operation, or other prevent-
able conditions, it may be necessary to con-
sider them in determining source impact. A 
range of operating conditions should be con-
sidered in screening analyses. The load caus-
ing the highest concentration, in addition to 
the design load, should be included in refined 
modeling. 

e. Emissions from mobile sources also have 
physical and temporal characteristics that 
should be appropriately accounted. For ex-
ample, an appropriate emissions model shall 
be used to determine emissions profiles. 
Such emissions should include speciation 
specific for the vehicle types used on the 
roadway (e.g., light duty and heavy duty 
trucks), and subsequent parameterizations of 
the physical emissions characteristics (e.g., 
release height) should reflect those emis-
sions sources. For long-term standards, an-
nual average emissions may be appropriate, 
but for short-term standards, discrete tem-
poral representation of emissions should be 
used (e.g., variations in weekday and week-
end traffic or the diurnal rush-hour profile 
typical of many cities). Detailed information 
and data requirements for modeling mobile 
sources of pollution are provided in the 
user’s manuals for each of the models appli-
cable to mobile sources.61 63 
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8.3 Background Concentrations 

8.3.1 Discussion 

a. Background concentrations are essential 
in constructing the design concentration, or 
total air quality concentration, as part of a 
cumulative impact analysis for NAAQS and 
PSD increments (section 9.2.3). Background 
air quality should not include the ambient 
impacts of the project source under consider-
ation. Instead, it should include: 

i. Nearby sources: These are individual 
sources located in the vicinity of the 
source(s) under consideration for emissions 
limits that are not adequately represented 
by ambient monitoring data. Typically, 
sources that cause a significant concentra-
tion gradient in the vicinity of the source(s) 
under consideration for emissions limits are 
not adequately represented by background 
ambient monitoring. The ambient contribu-
tions from these nearby sources are thereby 

accounted for by explicitly modeling their 
emissions (section 8.2). 

ii. Other sources: That portion of the back-
ground attributable to natural sources, other 
unidentified sources in the vicinity of the 
project, and regional transport contributions 
from more distant sources (domestic and 
international). The ambient contributions 
from these sources are typically accounted 
for through use of ambient monitoring data 
or, in some cases, regional-scale photo-
chemical grid modeling results. 

b. The monitoring network used for devel-
oping background concentrations is expected 
to conform to the same quality assurance 
and other requirements as those networks 
established for PSD purposes.91 Accordingly, 
the air quality monitoring data should be of 
sufficient completeness and follow appro-
priate data validation procedures. These 
data should be adequately representative of 
the area to inform calculation of the design 
concentration for comparison to the applica-
ble NAAQS (section 9.2.2). 
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c. For photochemical grid modeling con-
ducted in SIP attainment demonstrations for 
ozone, PM2.5 and regional haze, the emissions 
from nearby and other sources are included 
as model inputs and fully accounted for in 
the modeling application and predicted con-
centrations. The concept of adding indi-
vidual components to develop a design con-
centration, therefore, do not apply in these 
SIP applications. However, such modeling 
results may then be appropriate for consider-
ation in characterizing background con-
centrations for other regulatory applica-
tions. Also, as noted in section 5, this mod-
eling approach does provide for an appro-
priate atmospheric environment to assess 
single-source impacts for ozone and sec-
ondary PM2.5. 

d. For NAAQS assessments and SIP attain-
ment demonstrations for inert pollutants, 
the development of the appropriate back-
ground concentration for a cumulative im-
pact analysis involves proper accounting of 
each contribution to the design concentra-
tion and will depend upon whether the 
project area’s situation consists of either an 
isolated single source(s) or a multitude of 
sources. For PSD increment assessments, all 
impacts after the appropriate baseline dates 
(i.e., trigger date, major source baseline date, 
and minor source baseline date) from all in-
crement-consuming and increment-expand-
ing sources should be considered in the de-
sign concentration (section 9.2.2). 

8.3.2 Recommendations for Isolated Single 
Sources 

a. In areas with an isolated source(s), de-
termining the appropriate background con-
centration should focus on characterization 
of contributions from all other sources 
through adequately representative ambient 
monitoring data. 

b. The EPA recommends use of the most 
recent quality assured air quality moni-
toring data collected in the vicinity of the 
source to determine the background con-
centration for the averaging times of con-
cern. In most cases, the EPA recommends 
using data from the monitor closest to and 
upwind of the project area. If several mon-
itors are available, preference should be 
given to the monitor with characteristics 
that are most similar to the project area. If 
there are no monitors located in the vicinity 
of the new or modifying source, a ‘‘regional 
site’’ may be used to determine background 
concentrations. A regional site is one that is 
located away from the area of interest but is 
impacted by similar or adequately represent-
ative sources. 

c. Many of the challenges related to cumu-
lative impact analyses arise in the context of 
defining the appropriate metric to charac-
terize background concentrations from am-
bient monitoring data and determining the 
appropriate method for combining this mon-

itor-based background contribution to the 
modeled impact of the project and other 
nearby sources. For many cases, the best 
starting point would be use of the current 
design value for the applicable NAAQS as a 
uniform monitored background contribution 
across the project area. However, there are 
cases in which the current design value may 
not be appropriate. Such cases include but 
are not limited to: 

i. For situations involving a modifying 
source where the existing facility is deter-
mined to impact the ambient monitor, the 
background concentration at each monitor 
can be determined by excluding values when 
the source in question is impacting the mon-
itor. In such cases, monitoring sites inside a 
90° sector downwind of the source may be 
used to determine the area of impact. 

ii. There may be other circumstances 
which would necessitate modifications to the 
ambient data record. Such cases could in-
clude removal of data from specific days or 
hours when a monitor is being impacted by 
activities that are not typical or not ex-
pected to occur again in the future (e.g., con-
struction, roadway repairs, forest fires, or 
unusual agricultural activities). There may 
also be cases where it may be appropriate to 
scale (multiplying the monitored concentra-
tions with a scaling factor) or adjust (adding 
or subtracting a constant value the mon-
itored concentrations) data from specific 
days or hours. Such adjustments would make 
the monitored background concentrations 
more temporally and/or spatially representa-
tive of the area around the new or modifying 
source for the purposes of the regulatory as-
sessment. 

iii. For short-term standards, the diurnal 
or seasonal patterns of the air quality moni-
toring data may differ significantly from the 
patterns associated with the modeled con-
centrations. When this occurs, it may be ap-
propriate to pair the air quality monitoring 
data in a temporal manner that reflects 
these patterns (e.g., pairing by season and/or 
hour of day).92 

iv. For situations where monitored air 
quality concentrations vary across the mod-
eling domain, it may be appropriate to con-
sider air quality monitoring data from mul-
tiple monitors within the project area. 

d. Determination of the appropriate back-
ground concentrations should be consistent 
with appropriate EPA modeling guidance 59 60 
and justified in the modeling protocol that is 
vetted with the appropriate reviewing au-
thority (paragraph 3.0(b)). 

e. Considering the spatial and temporal 
variability throughout a typical modeling 
domain on an hourly basis and the complex-
ities and limitations of hourly observations 
from the ambient monitoring network, the 
EPA does not recommend hourly or daily 
pairing of monitored background and mod-
eled concentrations except in rare cases of 
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relatively isolated sources where the avail-
able monitor can be shown to be representa-
tive of the ambient concentration levels in 
the areas of maximum impact from the pro-
posed new source. The implicit assumption 
underlying hourly pairing is that the back-
ground monitored levels for each hour are 
spatially uniform and that the monitored 
values are fully representative of back-
ground levels at each receptor for each hour. 
Such an assumption clearly ignores the 
many factors that contribute to the tem-
poral and spatial variability of ambient con-
centrations across a typical modeling do-
main on an hourly basis. In most cases, the 
seasonal (or quarterly) pairing of monitored 
and modeled concentrations should suffi-
ciently address situations to which the im-
pacts from modeled emissions are not tem-
porally correlated with background mon-
itored levels. 

f. In those cases where adequately rep-
resentative monitoring data to characterize 
background concentrations are not avail-
able, it may be appropriate to use results 
from a regional-scale photochemical grid 
model, or other representative model appli-
cation, as background concentrations con-
sistent with the considerations discussed 
above and in consultation with the appro-
priate reviewing authority (paragraph 3.0(b)). 

8.3.3 Recommendations for Multi-Source 
Areas 

a. In multi-source areas, determining the 
appropriate background concentration in-
volves: (1) Identification and characteriza-
tion of contributions from nearby sources 
through explicit modeling, and (2) character-
ization of contributions from other sources 
through adequately representative ambient 
monitoring data. A key point here is the 
interconnectedness of each component in 
that the question of which nearby sources to 
include in the cumulative modeling is inex-
tricably linked to the question of what the 
ambient monitoring data represents within 
the project area. 

b. Nearby sources: All sources in the vicin-
ity of the source(s) under consideration for 
emissions limits that are not adequately rep-
resented by ambient monitoring data should 
be explicitly modeled. Since an ambient 
monitor is limited to characterizing air 
quality at a fixed location, sources that 
cause a significant concentration gradient in 
the vicinity of the source(s) under consider-
ation for emissions limits are not likely to 
be adequately characterized by the mon-
itored data due to the high degree of varia-
bility of the source’s impact. 

i. The pattern of concentration gradients 
can vary significantly based on the aver-
aging period being assessed. In general, con-
centration gradients will be smaller and 
more spatially uniform for annual averages 
than for short-term averages, especially for 

hourly averages. The spatial distribution of 
annual impacts around a source will often 
have a single peak downwind of the source 
based on the prevailing wind direction, ex-
cept in cases where terrain or other geo-
graphic effects are important. By contrast, 
the spatial distribution of peak short-term 
impacts will typically show several localized 
concentration peaks with more significant 
gradient. 

ii. Concentration gradients associated with 
a particular source will generally be largest 
between that source’s location and the dis-
tance to the maximum ground-level con-
centrations from that source. Beyond the 
maximum impact distance, concentration 
gradients will generally be much smaller and 
more spatially uniform. Thus, the magnitude 
of a concentration gradient will be greatest 
in the proximity of the source and will gen-
erally not be significant at distances greater 
than 10 times the height of the stack(s) at 
that source without consideration of terrain 
influences. 

iii. The number of nearby sources to be ex-
plicitly modeled in the air quality analysis 
is expected to be few except in unusual situa-
tions. In most cases, the few nearby sources 
will be located within the first 10 to 20 km 
from the source(s) under consideration. 
Owing to both the uniqueness of each mod-
eling situation and the large number of vari-
ables involved in identifying nearby sources, 
no attempt is made here to comprehensively 
define a ‘‘significant concentration gra-
dient.’’ Rather, identification of nearby 
sources calls for the exercise of professional 
judgment by the appropriate reviewing au-
thority (paragraph 3.0(b)). This guidance is 
not intended to alter the exercise of that 
judgment or to comprehensively prescribe 
which sources should be included as nearby 
sources. 

c. For cumulative impact analyses of 
short-term and annual ambient standards, 
the nearby sources as well as the project 
source(s) must be evaluated using an appro-
priate appendix A model or approved alter-
native model with the emission input data 
shown in Table 8–1 or 8–2. 

i. When modeling a nearby source that 
does not have a permit and the emissions 
limits contained in the SIP for a particular 
source category is greater than the emis-
sions possible given the source’s maximum 
physical capacity to emit, the ‘‘maximum al-
lowable emissions limit’’ for such a nearby 
source may be calculated as the emissions 
rate representative of the nearby source’s 
maximum physical capacity to emit, consid-
ering its design specifications and allowable 
fuels and process materials. However, the 
burden is on the permit applicant to suffi-
ciently document what the maximum phys-
ical capacity to emit is for such a nearby 
source. 
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ii. 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) or could have impact 
on the averaging period of concern. Accord-
ingly, it is not necessary to model impacts of 
a nearby source that does not, by its nature, 
operate at the same time as the primary 
source or could have impact on the aver-
aging period of concern, regardless of an 
identified significant concentration gradient 
from the nearby source. The burden is on the 
permit applicant to adequately justify the 
exclusion of nearby sources to the satisfac-
tion of the appropriate reviewing authority 
(paragraph 3.0(b)). The following examples il-
lustrate two cases in which a nearby source 
may be shown not to operate at the same 
time as the primary source(s) being modeled: 
(1) Seasonal sources (only used during cer-
tain seasons of the year). Such sources would 
not be modeled as nearby sources during 
times in which they do not operate; and (2) 
Emergency backup generators, to the extent 
that they do not operate simultaneously 
with the sources that they back up. Such 
emergency equipment would not be modeled 
as nearby sources. 

d. Other sources. That portion of the back-
ground attributable to all other sources (e.g., 
natural sources, minor and distant major 
sources) should be accounted for through use 
of ambient monitoring data and determined 
by the procedures found in section 8.3.2 in 
keeping with eliminating or reducing the 
source-oriented impacts from nearby sources 
to avoid potential double-counting of mod-
eled and monitored contributions. 

8.4 Meteorological Input Data 

8.4.1 Discussion 

a. This subsection covers meteorological 
input data for use in dispersion modeling for 
regulatory applications and is separate from 
recommendations made for photochemical 
grid modeling. Recommendations for mete-
orological data for photochemical grid mod-
eling applications are outlined in the latest 
version of EPA’s Modeling Guidance for Dem-
onstrating Attainment of Air Quality Goals for 
Ozone, PM2.5, and Regional Haze.60 In cases 
where Lagrangian models are applied for reg-
ulatory purposes, appropriate meteorological 
inputs should be determined in consultation 
with the appropriate reviewing authority 
(paragraph 3.0(b)). 

b. The meteorological data used as input to 
a dispersion model should be selected on the 
basis of spatial and climatological (tem-
poral) representativeness as well as the abil-
ity of the individual parameters selected to 
characterize the transport and dispersion 
conditions in the area of concern. The rep-
resentativeness of the measured data is de-
pendent on numerous factors including, but 
not limited to: (1) The proximity of the me-

teorological monitoring site to the area 
under consideration; (2) the complexity of 
the terrain; (3) the exposure of the meteoro-
logical monitoring site; and (4) the period of 
time during which data are collected. The 
spatial representativeness of the data can be 
adversely affected by large distances be-
tween the source and receptors of interest 
and the complex topographic characteristics 
of the area. Temporal representativeness is a 
function of the year-to-year variations in 
weather conditions. Where appropriate, data 
representativeness should be viewed in terms 
of the appropriateness of the data for con-
structing realistic boundary layer profiles 
and, where applicable, three-dimensional me-
teorological fields, as described in para-
graphs (c) and (d) of this subsection. 

c. The meteorological data should be ade-
quately representative and may be site-spe-
cific data, data from a nearby National 
Weather Service (NWS) or comparable sta-
tion, or prognostic meteorological data. The 
implementation of NWS Automated Surface 
Observing Stations (ASOS) in the early 1990’s 
should not preclude the use of NWS ASOS 
data if such a station is determined to be 
representative of the modeled area.93 

d. Model input data are normally obtained 
either from the NWS or as part of a site-spe-
cific measurement program. State clima-
tology offices, local universities, FAA, mili-
tary stations, industry, and pollution con-
trol agencies may also be sources of such 
data. In specific cases, prognostic meteoro-
logical data may be appropriate for use and 
obtained from similar sources. Some rec-
ommendations and requirements for the use 
of each type of data are included in this sub-
section. 

8.4.2 Recommendations and Requirements 

a. AERMET 94 shall be used to preprocess 
all meteorological data, be it observed or 
prognostic, for use with AERMOD in regu-
latory applications. The AERMINUTE 95 
processor, in most cases, should be used to 
process 1-minute ASOS wind data for input 
to AERMET when processing NWS ASOS 
sites in AERMET. When processing prog-
nostic meteorological data for AERMOD, the 
Mesoscale Model Interface Program 
(MMIF) 103 should be used to process data for 
input to AERMET. Other methods of proc-
essing prognostic meteorological data for 
input to AERMET should be approved by the 
appropriate reviewing authority. Addition-
ally, the following meteorological 
preprocessors are recommended by the EPA: 
PCRAMMET,96 MPRM,97 and METPRO.98 
PCRAMMET is the recommended meteoro-
logical data preprocessor for use in applica-
tions of OCD employing hourly NWS data. 
MPRM is the recommended meteorological 
data preprocessor for applications of OCD 
employing site-specific meteorological data. 
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METPRO is the recommended meteorolog-
ical data preprocessor for use with 
CTDMPLUS.99 

b. Regulatory application of AERMOD ne-
cessitates careful consideration of the mete-
orological data for input to AERMET. Data 
representativeness, in the case of AERMOD, 
means utilizing data of an appropriate type 
for constructing realistic boundary layer 
profiles. Of particular importance is the re-
quirement that all meteorological data used 
as input to AERMOD should be adequately 
representative of the transport and disper-
sion within the analysis domain. Where sur-
face conditions vary significantly over the 
analysis domain, the emphasis in assessing 
representativeness should be given to ade-
quate characterization of transport and dis-
persion between the source(s) of concern and 
areas where maximum design concentrations 
are anticipated to occur. The EPA rec-
ommends that the surface characteristics 
input to AERMET should be representative 
of the land cover in the vicinity of the mete-
orological data, i.e., the location of the mete-
orological tower for measured data or the 
representative grid cell for prognostic data. 
Therefore, the model user should apply the 
latest version AERSURFACE,100 101 where ap-
plicable, for determining surface characteris-
tics when processing measured meteorolog-
ical data through AERMET. In areas where 
it is not possible to use AERSURFACE out-
put, surface characteristics can be deter-
mined using techniques that apply the same 
analysis as AERSURFACE. In the case of 
prognostic meteorological data, the surface 
characteristics associated with the prog-
nostic meteorological model output for the 
representative grid cell should be used.102 103 
Furthermore, since the spatial scope of each 
variable could be different, representative-
ness should be judged for each variable sepa-
rately. For example, for a variable such as 
wind direction, the data should ideally be 
collected near plume height to be adequately 
representative, especially for sources located 
in complex terrain. Whereas, for a variable 
such as temperature, data from a station 
several kilometers away from the source 
may be considered to be adequately rep-
resentative. More information about mete-
orological data, representativeness, and sur-
face characteristics can be found in the 
AERMOD Implementation Guide.76 

c. Regulatory application of CTDMPLUS 
requires the input of multi-level measure-
ments of wind speed, direction, temperature, 
and turbulence from an appropriately sited 
meteorological tower. The measurements 
should be obtained up to the representative 
plume height(s) of interest. Plume heights of 
interest can be determined by use of screen-
ing procedures such as CTSCREEN. 

d. Regulatory application of OCD requires 
meteorological data over land and over 
water. The over land or surface data, proc-

essed through PCRAMMET 96 or MPRM,97 
that provides hourly stability class, wind di-
rection and speed, ambient temperature, and 
mixing height, are required. Data over water 
requires hourly mixing height, relative hu-
midity, air temperature, and water surface 
temperature. Missing winds are substituted 
with the surface winds. Vertical wind direc-
tion shear, vertical temperature gradient, 
and turbulence intensities are optional. 

e. The model user should acquire enough 
meteorological data to ensure that worst- 
case meteorological conditions are ade-
quately represented in the model results. 
The use of 5 years of adequately representa-
tive NWS or comparable meteorological 
data, at least 1 year of site-specific, or at 
least 3 years of prognostic meteorological 
data, are required. If 1 year or more, up to 5 
years, of site-specific data are available, 
these data are preferred for use in air quality 
analyses. Depending on completeness of the 
data record, consecutive years of NWS, site- 
specific, or prognostic data are preferred. 
Such data must be subjected to quality as-
surance procedures as described in section 
8.4.4.2. 

f. Objective analysis in meteorological 
modeling is to improve meteorological anal-
yses (the ‘‘first guess field’’) used as initial 
conditions for prognostic meteorological 
models by incorporating information from 
meteorological observations. Direct and in-
direct (using remote sensing techniques) ob-
servations of temperature, humidity, and 
wind from surface and radiosonde reports are 
commonly employed to improve these anal-
ysis fields. For long-range transport applica-
tions, it is recommended that objective anal-
ysis procedures, using direct and indirect 
meteorological observations, be employed in 
preparing input fields to produce prognostic 
meteorological datasets. The length of 
record of observations should conform to rec-
ommendations outlined in paragraph 8.4.2(e) 
for prognostic meteorological model 
datasets. 

8.4.3 National Weather Service Data 

8.4.3.1 Discussion 

a. The NWS meteorological data are rou-
tinely available and familiar to most model 
users. Although the NWS does not provide 
direct measurements of all the needed dis-
persion model input variables, methods have 
been developed and successfully used to 
translate the basic NWS data to the needed 
model input. Site-specific measurements of 
model input parameters have been made for 
many modeling studies, and those methods 
and techniques are becoming more widely 
applied, especially in situations such as com-
plex terrain applications, where available 
NWS data are not adequately representative. 
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b Formerly the National Climatic Data 
Center (NCDC). 

However, there are many modeling applica-
tions where NWS data are adequately rep-
resentative and the applications still rely 
heavily on the NWS data. 

b. Many models use the standard hourly 
weather observations available from the Na-
tional Centers for Environmental Informa-
tion (NCEI).b These observations are then 
preprocessed before they can be used in the 
models. Prior to the advent of ASOS in the 
early 1990’s, the standard ‘‘hourly’’ weather 
observation was a human-based observation 
reflecting a single 2-minute average gen-
erally taken about 10 minutes before the 
hour. However, beginning in January 2000 for 
first-order stations and in March 2005 for all 
stations, the NCEI has archived the 1-minute 
ASOS wind data (i.e., the rolling 2-minute 
average winds) for the NWS ASOS sites. The 
AERMINUTE processor 95 was developed to 
reduce the number of calm and missing 
hours in AERMET processing by sub-
stituting standard hourly observations with 
full hourly average winds calculated from 1- 
minute ASOS wind data. 

8.4.3.2 Recommendations 

a. The preferred models listed in appendix 
A all accept, as input, the NWS meteorolog-
ical data preprocessed into model compatible 
form. If NWS data are judged to be ade-
quately representative for a specific mod-
eling application, they may be used. The 
NCEI makes available surface 104 105 and 
upper air 106 meteorological data online and 
in CD–ROM format. Upper air data are also 
available at the Earth System Research Lab-
oratory Global Systems Divisions Web site 
(http://esrl.noaa.gov/gsd). 

b. Although most NWS wind measurements 
are made at a standard height of 10 m, the 
actual anemometer height should be used as 
input to the preferred meteorological proc-
essor and model. 

c. Standard hourly NWS wind directions 
are reported to the nearest 10 degrees. Due to 
the coarse resolution of these data, a specific 
set of randomly generated numbers has been 
developed by the EPA and should be used 
when processing standard hourly NWS data 
for use in the preferred EPA models to en-
sure a lack of bias in wind direction assign-
ments within the models. 

d. Beginning with year 2000, NCEI began 
archiving 2-minute winds, reported every 
minute to the nearest degree for NWS ASOS 
sites. The AERMINUTE processor was devel-
oped to read those winds and calculate hour-
ly average winds for input to AERMET. 
When such data are available for the NWS 
ASOS site being processed, the AERMINUTE 
processor should be used, in most cases, to 
calculate hourly average wind speed and di-

rection when processing NWS ASOS data for 
input to AERMOD.93 

e. Data from universities, FAA, military 
stations, industry and pollution control 
agencies may be used if such data are equiva-
lent in accuracy and detail (e.g., siting cri-
teria, frequency of observations, data com-
pleteness, etc.) to the NWS data, they are 
judged to be adequately representative for 
the particular application, and have under-
gone quality assurance checks. 

f. After valid data retrieval requirements 
have been met,107 large number of hours in 
the record having missing data should be 
treated according to an established data sub-
stitution protocol provided that adequately 
representative alternative data are avail-
able. Data substitution guidance is provided 
in section 5.3 of reference.107 If no representa-
tive alternative data are available for substi-
tution, the absent data should be coded as 
missing using missing data codes appropriate 
to the applicable meteorological pre-proc-
essor. Appropriate model options for treating 
missing data, if available in the model, 
should be employed. 

8.4.4 Site-Specific Data 

8.4.4.1 Discussion 

a. Spatial or geographical representative-
ness is best achieved by collection of all of 
the needed model input data in close prox-
imity to the actual site of the source(s). 
Site-specific measured data are, therefore, 
preferred as model input, provided that ap-
propriate instrumentation and quality assur-
ance procedures are followed, and that the 
data collected are adequately representative 
(free from inappropriate local or microscale 
influences) and compatible with the input re-
quirements of the model to be used. It should 
be noted that, while site-specific measure-
ments are frequently made ‘‘on-property’’ 
(i.e., on the source’s premises), acquisition of 
adequately representative site-specific data 
does not preclude collection of data from a 
location off property. Conversely, collection 
of meteorological data on a source’s property 
does not of itself guarantee adequate rep-
resentativeness. For help in determining rep-
resentativeness of site-specific measure-
ments, technical guidance 107 is available. 
Site-specific data should always be reviewed 
for representativeness and adequacy by an 
experienced meteorologist, atmospheric sci-
entist, or other qualified scientist in con-
sultation with the appropriate reviewing au-
thority (paragraph 3.0(b)). 

8.4.4.2 Recommendations 

a. The EPA guidance 107 provides rec-
ommendations on the collection and use of 
site-specific meteorological data. Rec-
ommendations on characteristics, siting, and 
exposure of meteorological instruments and 
on data recording, processing, completeness 
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requirements, reporting, and archiving are 
also included. This publication should be 
used as a supplement to other limited guid-
ance on these subjects.5 91 108 109 Detailed in-
formation on quality assurance is also avail-
able.110 As a minimum, site-specific measure-
ments of ambient air temperature, transport 
wind speed and direction, and the variables 
necessary to estimate atmospheric disper-
sion should be available in meteorological 
datasets to be used in modeling. Care should 
be taken to ensure that meteorological in-
struments are located to provide an ade-
quately representative characterization of 
pollutant transport between sources and re-
ceptors of interest. The appropriate review-
ing authority (paragraph 3.0(b)) is available 
to help determine the appropriateness of the 
measurement locations. 

i. Solar radiation measurements. Total solar 
radiation or net radiation should be meas-
ured with a reliable pyranometer or net radi-
ometer sited and operated in accordance 
with established site-specific meteorological 
guidance.107 110 

ii. Temperature measurements. Temperature 
measurements should be made at standard 
shelter height (2m) in accordance with estab-
lished site-specific meteorological guid-
ance.107 

iii. Temperature difference measurements. 
Temperature difference (DT) measurements 
should be obtained using matched thermom-
eters or a reliable thermocouple system to 
achieve adequate accuracy. Siting, probe 
placement, and operation of DT systems 
should be based on guidance found in Chap-
ter 3 of reference 107 and such guidance 
should be followed when obtaining vertical 
temperature gradient data. AERMET may 
employ the Bulk Richardson scheme, which 
requires measurements of temperature dif-
ference, in lieu of cloud cover or insolation 
data. To ensure correct application and ac-
ceptance, AERMOD users should consult 
with the appropriate reviewing authority 
(paragraph 3.0(b)) before using the Bulk 
Richardson scheme for their analysis. 

iv. Wind measurements. For simulation of 
plume rise and dispersion of a plume emitted 
from a stack, characterization of the wind 
profile up through the layer in which the 
plume disperses is desirable. This is espe-
cially important in complex terrain and/or 
complex wind situations where wind meas-
urements at heights up to hundreds of me-
ters above stack base may be required in 
some circumstances. For tall stacks when 
site-specific data are needed, these winds 
have been obtained traditionally using mete-
orological sensors mounted on tall towers. A 
feasible alternative to tall towers is the use 
of meteorological remote sensing instru-
ments (e.g., acoustic sounders or radar wind 
profilers) to provide winds aloft, coupled 
with 10-meter towers to provide the near-sur-
face winds. Note that when site-specific wind 

measurements are used, AERMOD, at a min-
imum, requires wind observations at a 
height above ground between seven times the 
local surface roughness height and 100 m. 
(For additional requirements for AERMOD 
and CTDMPLUS, see appendix A.) Specifica-
tions for wind measuring instruments and 
systems are contained in reference 107. 

b. All processed site-specific data should be 
in the form of hourly averages for input to 
the dispersion model. 

i. Turbulence data. There are several disper-
sion models that are capable of using direct 
measurements of turbulence (wind fluctua-
tions) in the characterization of the vertical 
and lateral dispersion (e.g., CTDMPLUS or 
AERMOD). When turbulence data are used to 
directly characterize the vertical and lateral 
dispersion, the averaging time for the turbu-
lence measurements should be 1 hour. For 
technical guidance on processing of turbu-
lence parameters for use in dispersion mod-
eling, refer to the user’s guide to the mete-
orological processor for each model (see sec-
tion 8.4.2(a)). 

ii. Stability categories. For dispersion mod-
els that employ P–G stability categories for 
the characterization of the vertical and lat-
eral dispersion, the P–G stability categories, 
as originally defined, couple near-surface 
measurements of wind speed with subjec-
tively determined insolation assessments 
based on hourly cloud cover and ceiling 
height observations. The wind speed meas-
urements are made at or near 10 m. The inso-
lation rate is typically assessed using obser-
vations of cloud cover and ceiling height 
based on criteria outlined by Turner.72 It is 
recommended that the P–G stability cat-
egory be estimated using the Turner method 
with site-specific wind speed measured at or 
near 10 m and representative cloud cover and 
ceiling height. Implementation of the Turner 
method, as well as considerations in deter-
mining representativeness of cloud cover and 
ceiling height in cases for which site-specific 
cloud observations are unavailable, may be 
found in section 6 of reference 107. In the ab-
sence of requisite data to implement the 
Turner method, the solar radiation/delta-T 
(SRDT) method or wind fluctuation statis-
tics (i.e., the sE and sA methods) may be 
used. 

iii. The SRDT method, described in section 
6.4.4.2 of reference 107, is modified slightly 
from that published from earlier work111 and 
has been evaluated with three site-specific 
databases.112 The two methods of stability 
classification that use wind fluctuation sta-
tistics, the sE and sA methods, are also de-
scribed in detail in section 6.4.4 of reference 
107 (note applicable tables in section 6). For 
additional information on the wind fluctua-
tion methods, several references are avail-
able.113 114 115 116 

c. Missing data substitution. After valid data 
retrieval requirements have been met,107 
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hours in the record having missing data 
should be treated according to an established 
data substitution protocol provided that ade-
quately representative alternative data are 
available. Such protocols are usually part of 
the approved monitoring program plan. Data 
substitution guidance is provided in section 
5.3 of reference 107. If no representative al-
ternative data are available for substitution, 
the absent data should be coded as missing, 
using missing data codes appropriate to the 
applicable meteorological pre-processor. Ap-
propriate model options for treating missing 
data, if available in the model, should be em-
ployed. 

8.4.5 Prognostic Meteorological Data 

8.4.5.1 Discussion 

a. For some modeling applications, there 
may not be a representative NWS or com-
parable meteorological station available 
(e.g., complex terrain), and it may be cost 
prohibitive or infeasible to collect ade-
quately representative site-specific data. For 
these cases, it may be appropriate to use 
prognostic meteorological data, if deemed 
adequately representative, in a regulatory 
modeling application. However, if prognostic 
meteorological data are not representative 
of transport and dispersion conditions in the 
area of concern, the collection of site-spe-
cific data is necessary. 

b. The EPA has developed a processor, the 
MMIF,102 to process MM5 (Mesoscale Model 
5) or WRF (Weather Research and Fore-
casting) model data for input to various 
models including AERMOD. MMIF can proc-
ess data for input to AERMET or AERMOD 
for a single grid cell or multiple grid cells. 
MMIF output has been found to compare fa-
vorably against observed data (site-specific 
or NWS).117 Specific guidance on processing 
MMIF for AERMOD can be found in ref-
erence 103. When using MMIF to process 
prognostic data for regulatory applications, 
the data should be processed to generate 
AERMET inputs and the data subsequently 
processed through AERMET for input to 
AERMOD. If an alternative method of proc-
essing data for input to AERMET is used, it 
must be approved by the appropriate review-
ing authority (paragraph 3.0(b)). 

8.4.5.2 Recommendations 

a. Prognostic model evaluation. Appropriate 
effort by the applicant should be devoted to 
the process of evaluating the prognostic me-
teorological data. The modeling data should 
be compared to NWS observational data or 
other comparable data in an effort to show 
that the data are adequately replicating the 
observed meteorological conditions of the 
time periods modeled. An operational eval-
uation of the modeling data for all model 
years (i.e., statistical, graphical) should be 

completed.60 The use of output from prog-
nostic mesoscale meteorological models is 
contingent upon the concurrence with the 
appropriate reviewing authority (paragraph 
3.0(b)) that the data are of acceptable qual-
ity, which can be demonstrated through sta-
tistical comparisons with meteorological ob-
servations aloft and at the surface at several 
appropriate locations.60 

b. Representativeness. When processing 
MMIF data for use with AERMOD, the grid 
cell used for the dispersion modeling should 
be adequately spatially representative of the 
analysis domain. In most cases, this may be 
the grid cell containing the emission source 
of interest. Since the dispersion modeling 
may involve multiple sources and the do-
main may cover several grid cells, depending 
on grid resolution of the prognostic model, 
professional judgment may be needed to se-
lect the appropriate grid cell to use. In such 
cases, the selected grid cells should be ade-
quately representative of the entire domain. 

c. Grid resolution. The grid resolution of the 
prognostic meteorological data should be 
considered and evaluated appropriately, par-
ticularly for projects involving complex ter-
rain. The operational evaluation of the mod-
eling data should consider whether a finer 
grid resolution is needed to ensure that the 
data are representative. The use of output 
from prognostic mesoscale meteorological 
models is contingent upon the concurrence 
with the appropriate reviewing authority 
(paragraph 3.0(b)) that the data are of ac-
ceptable quality. 

8.4.6 Treatment of Near-Calms and Calms 

8.4.6.1 Discussion 

a. Treatment of calm or light and variable 
wind poses a special problem in modeling ap-
plications since steady-state Gaussian plume 
models assume that concentration is in-
versely proportional to wind speed, depend-
ing on model formulations. Procedures have 
been developed to prevent the occurrence of 
overly conservative concentration estimates 
during periods of calms. These procedures ac-
knowledge that a steady-state Gaussian 
plume model does not apply during calm 
conditions, and that our knowledge of wind 
patterns and plume behavior during these 
conditions does not, at present, permit the 
development of a better technique. There-
fore, the procedures disregard hours that are 
identified as calm. The hour is treated as 
missing and a convention for handling miss-
ing hours is recommended. With the advent 
of the AERMINUTE processor, when proc-
essing NWS ASOS data, the inclusion of 
hourly averaged winds from AERMINUTE 
will, in some instances, dramatically reduce 
the number of calm and missing hours, espe-
cially when the ASOS wind are derived from 
a sonic anemometer. To alleviate concerns 
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about these issues, especially those intro-
duced with AERMINUTE, the EPA imple-
mented a wind speed threshold in AERMET 
for use with ASOS derived winds.93 94 Winds 
below the threshold will be treated as calms. 

b. AERMOD, while fundamentally a 
steady-state Gaussian plume model, contains 
algorithms for dealing with low wind speed 
(near calm) conditions. As a result, 
AERMOD can produce model estimates for 
conditions when the wind speed may be less 
than 1m/s, but still greater than the instru-
ment threshold. Required input to AERMET 
for site-specific data, the meteorological 
processor for AERMOD, includes a threshold 
wind speed and a reference wind speed. The 
threshold wind speed is the greater of the 
threshold of the instrument used to collect 
the wind speed data or wind direction sen-
sor.107 The reference wind speed is selected 
by the model as the lowest level of non-miss-
ing wind speed and direction data where the 
speed is greater than the wind speed thresh-
old, and the height of the measurement is be-
tween seven times the local surface rough-
ness length and 100 m. If the only valid ob-
servation of the reference wind speed be-
tween these heights is less than the thresh-
old, the hour is considered calm, and no con-
centration is calculated. None of the ob-
served wind speeds in a measured wind pro-
file that are less than the threshold speed 
are used in construction of the modeled wind 
speed profile in AERMOD. 

8.4.6.2 Recommendations 

a. Hourly concentrations calculated with 
steady-state Gaussian plume models using 
calms should not be considered valid; the 
wind and concentration estimates for these 
hours should be disregarded and considered 
to be missing. Model predicted concentra-
tions for 3-, 8-, and 24-hour averages should 
be calculated by dividing the sum of the 
hourly concentrations for the period by the 
number of valid or non-missing hours. If the 
total number of valid hours is less than 18 
for 24-hour averages, less than 6 for 8-hour 
averages, or less than 3 for 3-hour averages, 
the total concentration should be divided by 
18 for the 24-hour average, 6 for the 8-hour 
average, and 3 for the 3-hour average. For 
annual averages, the sum of all valid hourly 
concentrations is divided by the number of 
non-calm hours during the year. AERMOD 
has been coded to implement these instruc-
tions. For hours that are calm or missing, 
the AERMOD hourly concentrations will be 
zero. For other models listed in appendix A, 
a post-processor computer program, 
CALMPRO 118 has been prepared, is available 
on the EPA’s SCRAM Web site (section 2.3), 
and should be used. 

b. Stagnant conditions that include ex-
tended periods of calms often produce high 
concentrations over wide areas for relatively 

long averaging periods. The standard steady- 
state Gaussian plume models are often not 
applicable to such situations. When stagna-
tion conditions are of concern, other mod-
eling techniques should be considered on a 
case-by-case basis (see also section 7.2.1.2). 

c. When used in steady-state Gaussian 
plume models other than AERMOD, meas-
ured site-specific wind speeds of less than 1 
m/s but higher than the response threshold 
of the instrument should be input as 1 m/s; 
the corresponding wind direction should also 
be input. Wind observations below the re-
sponse threshold of the instrument should be 
set to zero, with the input file in ASCII for-
mat. For input to AERMOD, no such adjust-
ment should be made to the site-specific 
wind data, as AERMOD has algorithms to ac-
count for light or variable winds as discussed 
in section 8.4.6.1(a). For NWS ASOS data, es-
pecially data using the 1-minute ASOS 
winds, a wind speed threshold option is al-
lowed with a recommended speed of 0.5 m/s.93 
When using prognostic data processed by 
MMIF, a 0.5 m/s threshold is also invoked by 
MMIF for input to AERMET. Observations 
with wind speeds less than the threshold are 
considered calm, and no concentration is cal-
culated. In all cases involving steady-state 
Gaussian plume models, calm hours should 
be treated as missing, and concentrations 
should be calculated as in paragraph (a) of 
this subsection. 

9.0 REGULATORY APPLICATION OF MODELS 

9.1 Discussion 

a. Standardized procedures are valuable in 
the review of air quality modeling and data 
analyses conducted to support SIP submit-
tals and revisions, NSR, or other EPA re-
quirements to ensure consistency in their 
regulatory application. This section rec-
ommends procedures specific to NSR that fa-
cilitate some degree of standardization while 
at the same time allowing the flexibility 
needed to assure the technically best anal-
ysis for each regulatory application. For SIP 
attainment demonstrations, refer to the ap-
propriate EPA guidance 51 60 for the rec-
ommended procedures. 

b. Air quality model estimates, especially 
with the support of measured air quality 
data, are the preferred basis for air quality 
demonstrations. A number of actions have 
been taken to ensure that the best air qual-
ity model is used correctly for each regu-
latory application and that it is not arbi-
trarily imposed. 

• First, the Guideline clearly recommends 
that the most appropriate model be used in 
each case. Preferred models are identified, 
based on a number of factors, for many uses. 
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• Second, the preferred models have been 
subjected to a systematic performance eval-
uation and a scientific peer review. Statis-
tical performance measures, including meas-
ures of difference (or residuals) such as bias, 
variance of difference and gross variability 
of the difference, and measures of correla-
tion such as time, space, and time and space 
combined, as described in section 2.1.1, were 
generally followed. 

• Third, more specific information has 
been provided for considering the incorpora-
tion of new models into the Guideline (sec-
tion 3.1), and the Guideline contains proce-
dures for justifying the case-by-case use of 
alternative models and obtaining EPA ap-
proval (section 3.2). 

c. Air quality modeling is the preferred 
basis for air quality demonstrations. Never-
theless, there are rare circumstances where 
the performance of the preferred air quality 
model may be shown to be less than reason-
ably acceptable or where no preferred air 
quality model, screening model or technique, 
or alternative model are suitable for the sit-
uation. In these unique instances, there is 
the possibility of assuring compliance and 
establishing emissions limits for an existing 
source solely on the basis of observed air 
quality data in lieu of an air quality mod-
eling analysis. Comprehensive air quality 
monitoring in the vicinity of the existing 
source with proposed modifications will be 
necessary in these cases. The same attention 
should be given to the detailed analyses of 
the air quality data as would be applied to a 
model performance evaluation. 

d. The current levels and forms of the 
NAAQS for the six criteria pollutants can be 
found on the EPA’s NAAQS Web site at 
https://www.epa.gov/criteria-air-pollutants. As 
required by the CAA, the NAAQS are sub-
jected to extensive review every 5 years and 
the standards, including the level and the 
form, may be revised as part of that review. 
The criteria pollutants have either long- 
term (annual or quarterly) and/or short-term 
(24-hour or less) forms that are not to be ex-
ceeded more than a certain frequency over a 
period of time (e.g., no exceedance on a roll-
ing 3-month average, no more than once per 
year, or no more than once per year averaged 
over 3 years), are averaged over a period of 
time (e.g., an annual mean or an annual 
mean averaged over 3 years), or are some 
percentile that is averaged over a period of 
time (e.g., annual 99th or 98th percentile 
averaged over 3 years). The 3-year period for 
ambient monitoring design values does not 
dictate the length of the data periods rec-
ommended for modeling (i.e., 5 years of NWS 
meteorological data, at least 1 year of site- 
specific, or at least 3 years of prognostic me-
teorological data). 

e. This section discusses general rec-
ommendations on the regulatory application 
of models for the purposes of NSR, including 

PSD permitting, and particularly for esti-
mating design concentration(s), appro-
priately comparing these estimates to 
NAAQS and PSD increments, and developing 
emissions limits. This section also provides 
the criteria necessary for considering use of 
an analysis based on measured ambient data 
in lieu of modeling as the sole basis for dem-
onstrating compliance with NAAQS and PSD 
increments. 

9.2 Recommendations 

9.2.1 Modeling Protocol 

a. Every effort should be made by the ap-
propriate reviewing authority (paragraph 
3.0(b)) to meet with all parties involved in ei-
ther a SIP submission or revision or a PSD 
permit application prior to the start of any 
work on such a project. During this meeting, 
a protocol should be established between the 
preparing and reviewing parties to define the 
procedures to be followed, the data to be col-
lected, the model to be used, and the anal-
ysis of the source and concentration data to 
be performed. An example of the content for 
such an effort is contained in the Air Quality 
Analysis Checklist posted on the EPA’s 
SCRAM Web site (section 2.3). This checklist 
suggests the appropriate level of detail to as-
sess the air quality resulting from the pro-
posed action. Special cases may require addi-
tional data collection or analysis and this 
should be determined and agreed upon at the 
pre-application meeting. The protocol should 
be written and agreed upon by the parties 
concerned, although it is not intended that 
this protocol be a binding, formal legal docu-
ment. Changes in such a protocol or devi-
ations from the protocol are often necessary 
as the data collection and analysis pro-
gresses. However, the protocol establishes a 
common understanding of how the dem-
onstration required to meet regulatory re-
quirements will be made. 

9.2.2 Design Concentration and Receptor 
Sites 

a. Under the PSD permitting program, an 
air quality analysis for criteria pollutants is 
required to demonstrate that emissions from 
the construction or operation of a proposed 
new source or modification will not cause or 
contribute to a violation of the NAAQS or 
PSD increments. 

i. For a NAAQS assessment, the design 
concentration is the combination of the ap-
propriate background concentration (section 
8.3) with the estimated modeled impact of 
the proposed source. The NAAQS design con-
centration is then compared to the applica-
ble NAAQS. 

ii. For a PSD increment assessment, the 
design concentration includes impacts occur-
ring after the appropriate baseline date from 
all increment-consuming and increment-ex-
panding sources. The PSD increment design 
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concentration is then compared to the appli-
cable PSD increment. 

b. The specific form of the NAAQS for the 
pollutant(s) of concern will also influence 
how the background and modeled data 
should be combined for appropriate compari-
son with the respective NAAQS in such a 
modeling demonstration. Given the potential 
for revision of the form of the NAAQS and 
the complexities of combining background 
and modeled data, specific details on this 
process can be found in the applicable mod-
eling guidance available on the EPA’s 
SCRAM Web site (section 2.3). Modeled con-
centrations should not be rounded before 
comparing the resulting design concentra-
tion to the NAAQS or PSD increments. Am-
bient monitoring and dispersion modeling 
address different issues and needs relative to 
each aspect of the overall air quality assess-
ment. 

c. The PSD increments for criteria pollut-
ants are listed in 40 CFR 52.21(c) and 40 CFR 
51.166(c). For short-term increments, these 
maximum allowable increases in pollutant 
concentrations may be exceeded once per 
year at each site, while the annual incre-
ment may not be exceeded. The highest, sec-
ond-highest increase in estimated concentra-
tions for the short-term averages, as deter-
mined by a model, must be less than or equal 
to the permitted increment. The modeled an-
nual averages must not exceed the incre-
ment. 

d. Receptor sites for refined dispersion 
modeling should be located within the mod-
eling domain (section 8.1). In designing a re-
ceptor network, the emphasis should be 
placed on receptor density and location, not 
total number of receptors. Typically, the 
density of receptor sites should be progres-
sively more resolved near the new or modi-
fying source, areas of interest, and areas 
with the highest concentrations with suffi-
cient detail to determine where possible vio-
lations of a NAAQS or PSD increments are 
most likely to occur. The placement of re-
ceptor sites should be determined on a case- 
by-case basis, taking into consideration the 
source characteristics, topography, clima-
tology, and monitor sites. Locations of par-
ticular importance include: (1) The area of 
maximum impact of the point source; (2) the 
area of maximum impact of nearby sources; 
and (3) the area where all sources combine to 
cause maximum impact. Depending on the 
complexities of the source and the environ-
ment to which the source is located, a dense 
array of receptors may be required in some 
cases. In order to avoid unreasonably large 
computer runs due to an excessively large 
array of receptors, it is often desirable to 
model the area twice. The first model run 
would use a moderate number of receptors 
more resolved near the new or modifying 
source and over areas of interest. The second 
model run would modify the receptor net-

work from the first model run with a denser 
array of receptors in areas showing potential 
for high concentrations and possible viola-
tions, as indicated by the results of the first 
model run. Accordingly, the EPA neither an-
ticipates nor encourages that numerous 
iterations of modeling runs be made to con-
tinually refine the receptor network. 

9.2.3 NAAQS and PSD Increments Compli-
ance Demonstrations for New or Modifying 
Sources 

a. As described in this subsection, the rec-
ommended procedure for conducting either a 
NAAQS or PSD increments assessment under 
PSD permitting is a multi-stage approach 
that includes the following two stages: 

i. The EPA describes the first stage as a 
single-source impact analysis, since this 
stage involves considering only the impact of 
the new or modifying source. There are two 
possible levels of detail in conducting a sin-
gle-source impact analysis with the model 
user beginning with use of a screening model 
and proceeding to use of a refined model as 
necessary. 

ii. The EPA describes the second stage as a 
cumulative impact analysis, since it takes 
into account all sources affecting the air 
quality in an area. In addition to the project 
source impact, this stage includes consider-
ation of background, which includes con-
tributions from nearby sources and other 
sources (e.g., natural, minor, and distant 
major sources). 

b. Each stage should involve increasing 
complexity and details, as required, to fully 
demonstrate that a new or modifying source 
will not cause or contribute to a violation of 
any NAAQS or PSD increment. As such, 
starting with a single-source impact analysis 
is recommended because, where the analysis 
at this stage is sufficient to demonstrate 
that a source will not cause or contribute to 
any potential violation, this may alleviate 
the need for a more time-consuming and 
comprehensive cumulative modeling anal-
ysis. 

c. The single-source impact analysis, or 
first stage of an air quality analysis, should 
begin by determining the potential of a pro-
posed new or modifying source to cause or 
contribute to a NAAQS or PSD increment 
violation. In certain circumstances, a 
screening model or technique may be used 
instead of the preferred model because it will 
provide estimated worst-case ambient im-
pacts from the proposed new or modifying 
source. If these worst case ambient con-
centration estimates indicate that the 
source will not cause or contribute to any 
potential violation of a NAAQS or PSD in-
crement, then the screening analysis should 
generally be sufficient for the required dem-
onstration under PSD. If the ambient con-
centration estimates indicate that the 
source’s emissions have the potential to 
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cause or contribute to a violation, then the 
use of a refined model to estimate the 
source’s impact should be pursued. The re-
fined modeling analysis should use a model 
or technique consistent with the Guideline 
(either a preferred model or technique or an 
alternative model or technique) and follow 
the requirements and recommendations for 
model inputs outlined in section 8. If the am-
bient concentration increase predicted with 
refined modeling indicates that the source 
will not cause or contribute to any potential 
violation of a NAAQS or PSD increment, 
then the refined analysis should generally be 
sufficient for the required demonstration 
under PSD. However, if the ambient con-
centration estimates from the refined mod-
eling analysis indicate that the source’s 
emissions have the potential to cause or con-
tribute to a violation, then a cumulative im-
pact analysis should be undertaken. The re-
ceptors that indicate the location of signifi-
cant ambient impacts should be used to de-
fine the modeling domain for use in the cu-
mulative impact analysis (section 8.2.2). 

d. The cumulative impact analysis, or the 
second stage of an air quality analysis, 
should be conducted with the same refined 
model or technique to characterize the 
project source and then include the appro-
priate background concentrations (section 
8.3). The resulting design concentrations 
should be used to determine whether the 
source will cause or contribute to a NAAQS 
or PSD increment violation. This determina-
tion should be based on: (1) The appropriate 
design concentration for each applicable 
NAAQS (and averaging period); and (2) 
whether the source’s emissions cause or con-
tribute to a violation at the time and loca-
tion of any modeled violation (i.e., when and 
where the predicted design concentration is 
greater than the NAAQS). For PSD incre-
ments, the cumulative impact analysis 
should also consider the amount of the air 
quality increment that has already been con-
sumed by other sources, or, conversely, 
whether increment has expanded relative to 
the baseline concentration. Therefore, the 
applicant should model the existing or per-
mitted nearby increment-consuming and in-
crement-expanding sources, rather than 
using past modeling analyses of those 
sources as part of background concentration. 
This would permit the use of newly acquired 
data or improved modeling techniques if 
such data and/or techniques have become 
available since the last source was per-
mitted. 

9.2.3.1 Considerations in Developing 
Emissions Limits 

a. Emissions limits and resulting control 
requirements should be established to pro-
vide for compliance with each applicable 
NAAQS (and averaging period) and PSD in-

crement. It is possible that multiple emis-
sions limits will be required for a source to 
demonstrate compliance with several cri-
teria pollutants (and averaging periods) and 
PSD increments. Case-by-case determina-
tions must be made as to the appropriate 
form of the limits, i.e., whether the emis-
sions limits restrict the emission factor (e.g., 
limiting lb/MMBTU), the emission rate (e.g., 
lb/hr), or both. The appropriate reviewing au-
thority (paragraph 3.0(b)) and appropriate 
EPA guidance should be consulted to deter-
mine the appropriate emissions limits on a 
case-by-case basis. 

9.2.4 Use of Measured Data in Lieu of Model 
Estimates 

a. As described throughout the Guideline, 
modeling is the preferred method for dem-
onstrating compliance with the NAAQS and 
PSD increments and for determining the 
most appropriate emissions limits for new 
and existing sources. When a preferred model 
or adequately justified and approved alter-
native model is available, model results, in-
cluding the appropriate background, are suf-
ficient for air quality demonstrations and es-
tablishing emissions limits, if necessary. In 
instances when the modeling technique 
available is only a screening technique, the 
addition of air quality monitoring data to 
the analysis may lend credence to the model 
results. However, air quality monitoring 
data alone will normally not be acceptable 
as the sole basis for demonstrating compli-
ance with the NAAQS and PSD increments 
or for determining emissions limits. 

b. There may be rare circumstances where 
the performance of the preferred air quality 
model will be shown to be less than reason-
ably acceptable when compared with air 
quality monitoring data measured in the vi-
cinity of an existing source. Additionally, 
there may not be an applicable preferred air 
quality model, screening technique, or jus-
tifiable alternative model suitable for the 
situation. In these unique instances, there 
may be the possibility of establishing emis-
sions limits and demonstrating compliance 
with the NAAQS and PSD increments solely 
on the basis of analysis of observed air qual-
ity data in lieu of an air quality modeling 
analysis. However, only in the case of a 
modification to an existing source should air 
quality monitoring data alone be a basis for 
determining adequate emissions limits or for 
demonstration that the modification will not 
cause or contribute to a violation of any 
NAAQS or PSD increment. 

c. The following items should be consid-
ered prior to the acceptance of an analysis of 
measured air quality data as the sole basis 
for an air quality demonstration or deter-
mining an emissions limit: 

i. Does a monitoring network exist for the 
pollutants and averaging times of concern in 
the vicinity of the existing source? 
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ii. Has the monitoring network been de-
signed to locate points of maximum con-
centration? 

iii. Do the monitoring network and the 
data reduction and storage procedures meet 
EPA monitoring and quality assurance re-
quirements? 

iv. Do the dataset and the analysis allow 
impact of the most important individual 
sources to be identified if more than one 
source or emission point is involved? 

v. Is at least one full year of valid ambient 
data available? 

vi. Can it be demonstrated through the 
comparison of monitored data with model re-
sults that available air quality models and 
techniques are not applicable? 

d. Comprehensive air quality monitoring in 
the area affected by the existing source with 
proposed modifications will be necessary in 
these cases. Additional meteorological moni-
toring may also be necessary. The appro-
priate number of air quality and meteorolog-
ical monitors from a scientific and technical 
standpoint is a function of the situation 
being considered. The source configuration, 
terrain configuration, and meteorological 
variations all have an impact on number and 
optimal placement of monitors. Decisions on 
the monitoring network appropriate for this 
type of analysis can only be made on a case- 
by-case basis. 

e. Sources should obtain approval from the 
appropriate reviewing authority (paragraph 
3.0(b)) and the EPA Regional Office for the 
monitoring network prior to the start of 
monitoring. A monitoring protocol agreed to 
by all parties involved is necessary to assure 
that ambient data are collected in a con-
sistent and appropriate manner. The design 
of the network, the number, type, and loca-
tion of the monitors, the sampling period, 
averaging time, as well as the need for mete-
orological monitoring or the use of mobile 
sampling or plume tracking techniques, 
should all be specified in the protocol and 
agreed upon prior to start-up of the network. 

f. Given the uniqueness and complexities of 
these rare circumstances, the procedures can 
only be established on a case-by-case basis 
for analyzing the source’s emissions data and 
the measured air quality monitoring data, 
and for projecting with a reasoned basis the 
air quality impact of a proposed modifica-
tion to an existing source in order to dem-
onstrate that emissions from the construc-
tion or operation of the modification will not 
cause or contribute to a violation of the ap-
plicable NAAQS and PSD increment, and to 
determine adequate emissions limits. The 
same attention should be given to the de-
tailed analyses of the air quality data as 
would be applied to a comprehensive model 
performance evaluation. In some cases, the 
monitoring data collected for use in the per-
formance evaluation of preferred air quality 
models, screening technique, or existing al-

ternative models may help inform the devel-
opment of a suitable new alternative model. 
Early coordination with the appropriate re-
viewing authority (paragraph 3.0(b)) and the 
EPA Regional Office is fundamental with re-
spect to any potential use of measured data 
in lieu of model estimates. 
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A.1 AERMOD (AMS/EPA Regulatory Model) 
A.2 CTDMPLUS (Complex Terrain Disper-

sion Model Plus Algorithms for Unstable 
Situations) 

A.3 OCD (Offshore and Coastal Dispersion 
Model) 

A.0 INTRODUCTION AND AVAILABILITY 

(1) This appendix summarizes key features 
of refined air quality models preferred for 
specific regulatory applications. For each 
model, information is provided on avail-
ability, approximate cost (where applicable), 
regulatory use, data input, output format 
and options, simulation of atmospheric phys-
ics, and accuracy. These models may be used 
without a formal demonstration of applica-
bility provided they satisfy the recommenda-
tions for regulatory use; not all options in 
the models are necessarily recommended for 
regulatory use. 

(2) Many of these models have been sub-
jected to a performance evaluation using 
comparisons with observed air quality data. 
Where possible, several of the models con-
tained herein have been subjected to evalua-
tion exercises, including: (1) Statistical per-
formance tests recommended by the Amer-
ican Meteorological Society, and (2) peer sci-
entific reviews. The models in this appendix 
have been selected on the basis of the results 
of the model evaluations, experience with 
previous use, familiarity of the model to var-
ious air quality programs, and the costs and 
resource requirements for use. 

(3) Codes and documentation for all models 
listed in this appendix are available from the 
EPA’s Support Center for Regulatory Air 
Models (SCRAM) Web site at https:// 
www.epa.gov/scram. Codes and documentation 
may also available from the National Tech-
nical Information Service (NTIS), http:// 
www.ntis.gov, and, when available, are ref-
erenced with the appropriate NTIS accession 
number. 

A.1 AERMOD (AMS/EPA REGULATORY 
MODEL) 

References 

U.S. Environmental Protection Agency, 2016. 
AERMOD Model Formulation. Publica-
tion No. EPA–454/B–16–014. Office of Air 
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sion Model for Industrial Source Applica-
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Planning and Standards, Research Tri-
angle Park, NC. 

U.S. Environmental Protection Agency, 2016. 
User’s Guide for the AERMOD Meteoro-
logical Preprocessor (AERMET). Publica-
tion No. EPA–454/B–16–010. Office of Air 
Quality Planning and Standards, Re-
search Triangle Park, NC. 

U.S. Environmental Protection Agency, 2016. 
User’s Guide for the AERMOD Terrain 
Preprocessor (AERMAP). Publication No. 
EPA–454/B–16–012. U.S. Environmental 
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Schulman, L. L., and Joseph S. Scire, 1980. 
Buoyant Line and Point Source (BLP) 
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(NTIS No. PB 81–164642). 

Availability 

The model codes and associated docu-
mentation are available on EPA’s SCRAM 
Web site (paragraph A.0(3)). 

Abstract 

AERMOD is a steady-state plume disper-
sion model for assessment of pollutant con-
centrations from a variety of sources. 
AERMOD simulates transport and dispersion 
from multiple point, area, or volume sources 
based on an up-to-date characterization of 
the atmospheric boundary layer. Sources 
may be located in rural or urban areas, and 
receptors may be located in simple or com-
plex terrain. AERMOD accounts for building 
wake effects (i.e., plume downwash) based on 
the PRIME building downwash algorithms. 
The model employs hourly sequential 
preprocessed meteorological data to esti-
mate concentrations for averaging times 
from 1-hour to 1-year (also multiple years). 
AERMOD can be used to estimate the con-
centrations of nonreactive pollutants from 
highway traffic. AERMOD also handles 
unique modeling problems associated with 
aluminum reduction plants, and other indus-
trial sources where plume rise and downwash 
effects from stationary buoyant line sources 
are important. AERMOD is designed to oper-
ate in concert with two pre-processor codes: 
AERMET processes meteorological data for 
input to AERMOD, and AERMAP processes 
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terrain elevation data and generates recep-
tor and hill height information for input to 
AERMOD. 

a. Regulatory Use 

(1) AERMOD is appropriate for the fol-
lowing applications: 

• Point, volume, and area sources; 
• Buoyant, elevated line sources (e.g., alu-

minum reduction plants); 
• Mobile sources; 
• Surface, near-surface, and elevated re-

leases; 
• Rural or urban areas; 
• Simple and complex terrain; 
• Transport distances over which steady- 

state assumptions are appropriate, up to 
50km; 

• 1-hour to annual averaging times; and 
• Continuous toxic air emissions. 
(2) For regulatory applications of 

AERMOD, the regulatory default option 
should be set, i.e., the parameter DFAULT 
should be employed in the MODELOPT 
record in the COntrol Pathway. The 
DFAULT option requires the use of meteoro-
logical data processed with the regulatory 
options in AERMET, the use of terrain ele-
vation data processed through the AERMAP 
terrain processor, stack-tip downwash, se-
quential date checking, and does not permit 
the use of the model in the SCREEN mode. 
In the regulatory default mode, pollutant 
half-life or decay options are not employed, 
except in the case of an urban source of sul-
fur dioxide where a 4-hour half-life is ap-
plied. Terrain elevation data from the U.S. 
Geological Survey (USGS) 7.5-Minute Digital 
Elevation Model (DEM), or equivalent 
(approx. 30-meter resolution), (processed 
through AERMAP) should be used in all ap-
plications. Starting in 2011, data from the 
National Elevation Dataset (NED, https:// 
nationalmap.gov/elevation.html) can also be 
used in AERMOD, which includes a range of 
resolutions, from 1-m to 2 arc seconds and 
such high resolution would always be pre-
ferred. In some cases, exceptions from the 
terrain data requirement may be made in 
consultation with the appropriate reviewing 
authority (paragraph 3.0(b)). 

b. Input Requirements 

(1) Source data: Required inputs include 
source type, location, emission rate, stack 
height, stack inside diameter, stack gas exit 
velocity, stack gas exit temperature, area 
and volume source dimensions, and source 
base elevation. For point sources subject to 
the influence of building downwash, direc-
tion-specific building dimensions (processed 
through the BPIPPRM building processor) 
should be input. Variable emission rates are 
optional. Buoyant line sources require co-
ordinates of the end points of the line, re-
lease height, emission rate, average line 

source width, average building width, aver-
age spacing between buildings, and average 
line source buoyancy parameter. For mobile 
sources, traffic volume; emission factor, 
source height, and mixing zone width are 
needed to determine appropriate model in-
puts. 

(2) Meteorological data: The AERMET me-
teorological preprocessor requires input of 
surface characteristics, including surface 
roughness (zo), Bowen ratio, and albedo, as 
well as, hourly observations of wind speed 
between 7zo and 100 m (reference wind speed 
measurement from which a vertical profile 
can be developed), wind direction, cloud 
cover, and temperature between zo and 100 m 
(reference temperature measurement from 
which a vertical profile can be developed). 
Meteorological data can be in the form of ob-
served data or prognostic modeled data as 
discussed in paragraph 8.4.1(d). Surface char-
acteristics may be varied by wind sector and 
by season or month. When using observed 
meteorological data, a morning sounding (in 
National Weather Service format) from a 
representative upper air station is required. 
Latitude, longitude, and time zone of the 
surface, site-specific (if applicable) and upper 
air meteorological stations are required. The 
wind speed starting threshold is also re-
quired in AERMET for applications involv-
ing site-specific data. When using prognostic 
data, modeled profiles of temperature and 
winds are input to AERMET. These can be 
hourly or a time that represents a morning 
sounding. Additionally, measured profiles of 
wind, temperature, vertical and lateral tur-
bulence may be required in certain applica-
tions (e.g., in complex terrain) to adequately 
represent the meteorology affecting plume 
transport and dispersion. Optionally, meas-
urements of solar and/or net radiation may 
be input to AERMET. Two files are produced 
by the AERMET meteorological preprocessor 
for input to the AERMOD dispersion model. 
When using observed data, the surface file 
contains observed and calculated surface 
variables, one record per hour. For applica-
tions with multi-level site-specific meteoro-
logical data, the profile contains the obser-
vations made at each level of the meteoro-
logical tower (or remote sensor). When using 
prognostic data, the surface file contains 
surface variables calculated by the prog-
nostic model and AERMET. The profile file 
contains the observations made at each level 
of a meteorological tower (or remote sensor), 
the one-level observations taken from other 
representative data (e.g., National Weather 
Service surface observations), one record per 
level per hour, or in the case of prognostic 
data, the prognostic modeled values of tem-
perature and winds at user-specified levels. 

(i) Data used as input to AERMET should 
possess an adequate degree of representative-
ness to ensure that the wind, temperature 
and turbulence profiles derived by AERMOD 
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are both laterally and vertically representa-
tive of the source impact area. The adequacy 
of input data should be judged independently 
for each variable. The values for surface 
roughness, Bowen ratio, and albedo should 
reflect the surface characteristics in the vi-
cinity of the meteorological tower or rep-
resentative grid cell when using prognostic 
data, and should be adequately representa-
tive of the modeling domain. Finally, the 
primary atmospheric input variables, includ-
ing wind speed and direction, ambient tem-
perature, cloud cover, and a morning upper 
air sounding, should also be adequately rep-
resentative of the source area when using ob-
served data. 

(ii) For applications involving the use of 
site-specific meteorological data that in-
cludes turbulences parameters (i.e., sigma- 
theta and/or sigma-w), the application of the 
ADJlU* option in AERMET would require 
approval as an alternative model application 
under section 3.2. 

(iii) For recommendations regarding the 
length of meteorological record needed to 
perform a regulatory analysis with 
AERMOD, see section 8.4.2. 

(3) Receptor data: Receptor coordinates, 
elevations, height above ground, and hill 
height scales are produced by the AERMAP 
terrain preprocessor for input to AERMOD. 
Discrete receptors and/or multiple receptor 
grids, Cartesian and/or polar, may be em-
ployed in AERMOD. AERMAP requires input 
of DEM or NED terrain data produced by the 
USGS, or other equivalent data. AERMAP 
can be used optionally to estimate source 
elevations. 

c. Output 

Printed output options include input infor-
mation, high concentration summary tables 
by receptor for user-specified averaging peri-
ods, maximum concentration summary ta-
bles, and concurrent values summarized by 
receptor for each day processed. Optional 
output files can be generated for: A listing of 
occurrences of exceedances of user-specified 
threshold value; a listing of concurrent (raw) 
results at each receptor for each hour mod-
eled, suitable for post-processing; a listing of 
design values that can be imported into 
graphics software for plotting contours; a 
listing of results suitable for NAAQS anal-
yses including NAAQS exceedances and cul-
pability analyses; an unformatted listing of 
raw results above a threshold value with a 
special structure for use with the TOXX 
model component of TOXST; a listing of con-
centrations by rank (e.g., for use in quantile- 
quantile plots); and a listing of concentra-
tions, including arc-maximum normalized 
concentrations, suitable for model evalua-
tion studies. 

d. Type of Model 

AERMOD is a steady-state plume model, 
using Gaussian distributions in the vertical 
and horizontal for stable conditions, and in 
the horizontal for convective conditions. The 
vertical concentration distribution for con-
vective conditions results from an assumed 
bi-Gaussian probability density function of 
the vertical velocity. 

e. Pollutant Types 

AERMOD is applicable to primary pollut-
ants and continuous releases of toxic and 
hazardous waste pollutants. Chemical trans-
formation is treated by simple exponential 
decay. 

f. Source-Receptor Relationships 

AERMOD applies user-specified locations 
for sources and receptors. Actual separation 
between each source-receptor pair is used. 
Source and receptor elevations are user 
input or are determined by AERMAP using 
USGS DEM or NED terrain data. Receptors 
may be located at user-specified heights 
above ground level. 

g. Plume Behavior 

(1) In the convective boundary layer (CBL), 
the transport and dispersion of a plume is 
characterized as the superposition of three 
modeled plumes: (1) The direct plume (from 
the stack); (2) the indirect plume; and (3) the 
penetrated plume, where the indirect plume 
accounts for the lofting of a buoyant plume 
near the top of the boundary layer, and the 
penetrated plume accounts for the portion of 
a plume that, due to its buoyancy, pene-
trates above the mixed layer, but can dis-
perse downward and re-enter the mixed 
layer. In the CBL, plume rise is superposed 
on the displacements by random convective 
velocities (Weil et al., 1997). 

(2) In the stable boundary layer, plume rise 
is estimated using an iterative approach to 
account for height-dependent lapse rates, 
similar to that in the CTDMPLUS model (see 
A.2 in this appendix). 

(3) Stack-tip downwash and buoyancy in-
duced dispersion effects are modeled. Build-
ing wake effects are simulated for stacks 
subject to building downwash using the 
methods contained in the PRIME downwash 
algorithms (Schulman, et al., 2000). For 
plume rise affected by the presence of a 
building, the PRIME downwash algorithm 
uses a numerical solution of the mass, en-
ergy and momentum conservation laws 
(Zhang and Ghoniem, 1993). Streamline de-
flection and the position of the stack rel-
ative to the building affect plume trajectory 
and dispersion. Enhanced dispersion is based 
on the approach of Weil (1996). Plume mass 
captured by the cavity is well-mixed within 
the cavity. The captured plume mass is re- 
emitted to the far wake as a volume source. 
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(4) For elevated terrain, AERMOD incor-
porates the concept of the critical dividing 
streamline height, in which flow below this 
height remains horizontal, and flow above 
this height tends to rise up and over terrain 
(Snyder et al., 1985). Plume concentration es-
timates are the weighted sum of these two 
limiting plume states. However, consistent 
with the steady-state assumption of uniform 
horizontal wind direction over the modeling 
domain, straight-line plume trajectories are 
assumed, with adjustment in the plume/re-
ceptor geometry used to account for the ter-
rain effects. 

h. Horizontal Winds 

Vertical profiles of wind are calculated for 
each hour based on measurements and sur-
face-layer similarity (scaling) relationships. 
At a given height above ground, for a given 
hour, winds are assumed constant over the 
modeling domain. The effect of the vertical 
variation in horizontal wind speed on disper-
sion is accounted for through simple aver-
aging over the plume depth. 

i. Vertical Wind Speed 

In convective conditions, the effects of 
random vertical updraft and downdraft ve-
locities are simulated with a bi-Gaussian 
probability density function. In both convec-
tive and stable conditions, the mean vertical 
wind speed is assumed equal to zero. 

j. Horizontal Dispersion 

Gaussian horizontal dispersion coefficients 
are estimated as continuous functions of the 
parameterized (or measured) ambient lateral 
turbulence and also account for buoyancy-in-
duced and building wake-induced turbulence. 
Vertical profiles of lateral turbulence are de-
veloped from measurements and similarity 
(scaling) relationships. Effective turbulence 
values are determined from the portion of 
the vertical profile of lateral turbulence be-
tween the plume height and the receptor 
height. The effective lateral turbulence is 
then used to estimate horizontal dispersion. 

k. Vertical Dispersion 

In the stable boundary layer, Gaussian 
vertical dispersion coefficients are estimated 
as continuous functions of parameterized 
vertical turbulence. In the convective bound-
ary layer, vertical dispersion is character-
ized by a bi-Gaussian probability density 
function and is also estimated as a contin-
uous function of parameterized vertical tur-
bulence. Vertical turbulence profiles are de-
veloped from measurements and similarity 
(scaling) relationships. These turbulence 
profiles account for both convective and me-
chanical turbulence. Effective turbulence 
values are determined from the portion of 
the vertical profile of vertical turbulence be-
tween the plume height and the receptor 

height. The effective vertical turbulence is 
then used to estimate vertical dispersion. 

l. Chemical Transformation 

Chemical transformations are generally 
not treated by AERMOD. However, AERMOD 
does contain an option to treat chemical 
transformation using simple exponential 
decay, although this option is typically not 
used in regulatory applications except for 
sources of sulfur dioxide in urban areas. Ei-
ther a decay coefficient or a half-life is input 
by the user. Note also that the Plume Vol-
ume Molar Ratio Method and the Ozone Lim-
iting Method (section 4.2.3.4) for NO2 anal-
yses are available. 

m. Physical Removal 

AERMOD can be used to treat dry and wet 
deposition for both gases and particles. 

n. Evaluation Studies 

American Petroleum Institute, 1998. Evalua-
tion of State of the Science of Air Qual-
ity Dispersion Model, Scientific Evalua-
tion, prepared by Woodward-Clyde Con-
sultants, Lexington, Massachusetts, for 
American Petroleum Institute, Wash-
ington, DC 20005–4070. 

Brode, R.W., 2002. Implementation and Eval-
uation of PRIME in AERMOD. Preprints 
of the 12th Joint Conference on Applica-
tions of Air Pollution Meteorology, May 
20–24, 2002; American Meteorological So-
ciety, Boston, MA. 

Brode, R.W., 2004. Implementation and Eval-
uation of Bulk Richardson Number 
Scheme in AERMOD. 13th Joint Con-
ference on Applications of Air Pollution 
Meteorology, August 23–26, 2004; Amer-
ican Meteorological Society, Boston, 
MA. 

U.S. Environmental Protection Agency, 2003. 
AERMOD: Latest Features and Evalua-
tion Results. Publication No. EPA–454/R– 
03–003. Office of Air Quality Planning and 
Standards, Research Triangle Park, NC. 

Heist, D., et al, 2013. Estimating near-road 
pollutant dispersion: A model inter-com-
parison. Transportation Research Part D: 
Transport and Environment, 25: pp 93–105. 

A.2 CTDMPLUS (COMPLEX TERRAIN DISPER-
SION MODEL PLUS ALGORITHMS FOR UNSTA-
BLE SITUATIONS) 

References 

Perry, S.G., D.J. Burns, L.H. Adams, R.J. 
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Strimaitis, R.J. Yamartino and E.M. 
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(CTDMPLUS). Volume 1: Model Descrip-
tions and User Instructions. EPA Publi-
cation No. EPA–600/8–89–041. U.S. Envi-
ronmental Protection Agency, Research 
Triangle Park, NC. (NTIS No. PB 89– 
181424). 

Perry, S.G., 1992. CTDMPLUS: A Dispersion 
Model for Sources near Complex Topog-
raphy. Part I: Technical Formulations. 
Journal of Applied Meteorology, 31(7): 633– 
645. 

Availability 

The model codes and associated docu-
mentation are available on the EPA’s 
SCRAM Web site (paragraph A.0(3)). 

Abstract 

CTDMPLUS is a refined point source 
Gaussian air quality model for use in all sta-
bility conditions for complex terrain applica-
tions. The model contains, in its entirety, 
the technology of CTDM for stable and neu-
tral conditions. However, CTDMPLUS can 
also simulate daytime, unstable conditions, 
and has a number of additional capabilities 
for improved user friendliness. Its use of me-
teorological data and terrain information is 
different from other EPA models; consider-
able detail for both types of input data is re-
quired and is supplied by preprocessors spe-
cifically designed for CTDMPLUS. 
CTDMPLUS requires the parameterization of 
individual hill shapes using the terrain 
preprocessor and the association of each 
model receptor with a particular hill. 

a. Regulatory Use 

CTDMPLUS is appropriate for the fol-
lowing applications: 

• Elevated point sources; 
• Terrain elevations above stack top; 
• Rural or urban areas; 
• Transport distances less than 50 kilo-

meters; and 
• 1-hour to annual averaging times when 

used with a post-processor program such as 
CHAVG. 

b. Input Requirements 

(1) Source data: For each source, user sup-
plies source location, height, stack diameter, 
stack exit velocity, stack exit temperature, 
and emission rate; if variable emissions are 
appropriate, the user supplies hourly values 
for emission rate, stack exit velocity, and 
stack exit temperature. 

(2) Meteorological data: For applications of 
CTDMPLUS, multiple level (typically three 
or more) measurements of wind speed and di-
rection, temperature and turbulence (wind 
fluctuation statistics) are required to create 
the basic meteorological data file (‘‘PRO-
FILE’’). Such measurements should be ob-
tained up to the representative plume 
height(s) of interest (i.e., the plume height(s) 

under those conditions important to the de-
termination of the design concentration). 
The representative plume height(s) of inter-
est should be determined using an appro-
priate complex terrain screening procedure 
(e.g., CTSCREEN) and should be documented 
in the monitoring/modeling protocol. The 
necessary meteorological measurements 
should be obtained from an appropriately 
sited meteorological tower augmented by 
SODAR and/or RASS if the representative 
plume height(s) of interest is above the lev-
els represented by the tower measurements. 
Meteorological preprocessors then create a 
SURFACE data file (hourly values of mixed 
layer heights, surface friction velocity, 
Monin-Obukhov length and surface rough-
ness length) and a RAWINsonde data file 
(upper air measurements of pressure, tem-
perature, wind direction, and wind speed). 

(3) Receptor data: Receptor names (up to 
400) and coordinates, and hill number (each 
receptor must have a hill number assigned). 

(4) Terrain data: User inputs digitized con-
tour information to the terrain preprocessor 
which creates the TERRAIN data file (for up 
to 25 hills). 

c. Output 

(1) When CTDMPLUS is run, it produces a 
concentration file, in either binary or text 
format (user’s choice), and a list file con-
taining a verification of model inputs, i.e., 

• Input meteorological data from ‘‘SUR-
FACE’’ and ‘‘PROFILE,’’ 

• Stack data for each source, 
• Terrain information, 
• Receptor information, and 
• Source-receptor location (line printer 

map). 
(2) In addition, if the case-study option is 

selected, the listing includes: 
• Meteorological variables at plume 

height, 
• Geometrical relationships between the 

source and the hill, and 
• Plume characteristics at each receptor, 

i.e., 

—Distance in along-flow and cross flow di-
rection 

—Effective plume-receptor height difference 
—Effective sy & sz values, both flat terrain 

and hill induced (the difference shows the 
effect of the hill) 

—Concentration components due to WRAP, 
LIFT and FLAT. 

(3) If the user selects the TOPN option, a 
summary table of the top four concentra-
tions at each receptor is given. If the ISOR 
option is selected, a source contribution 
table for every hour will be printed. 

(4) A separate output file of predicted (1- 
hour only) concentrations (‘‘CONC’’) is writ-
ten if the user chooses this option. Three 
forms of output are possible: 
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(i) A binary file of concentrations, one 
value for each receptor in the hourly se-
quence as run; 

(ii) A text file of concentrations, one value 
for each receptor in the hourly sequence as 
run; or 

(iii) A text file as described above, but with 
a listing of receptor information (names, po-
sitions, hill number) at the beginning of the 
file. 

(5) Hourly information provided to these 
files besides the concentrations themselves 
includes the year, month, day, and hour in-
formation as well as the receptor number 
with the highest concentration. 

d. Type of Model 

CTDMPLUS is a refined steady-state, point 
source plume model for use in all stability 
conditions for complex terrain applications. 

e. Pollutant Types 

CTDMPLUS may be used to model non- re-
active, primary pollutants. 

f. Source-Receptor Relationship 

Up to 40 point sources, 400 receptors and 25 
hills may be used. Receptors and sources are 
allowed at any location. Hill slopes are as-
sumed not to exceed 15°, so that the linear-
ized equation of motion for Boussinesq flow 
are applicable. Receptors upwind of the im-
pingement point, or those associated with 
any of the hills in the modeling domain, re-
quire separate treatment. 

g. Plume Behavior 

(1) As in CTDM, the basic plume rise algo-
rithms are based on Briggs’ (1975) rec-
ommendations. 

(2) A central feature of CTDMPLUS for 
neutral/stable conditions is its use of a crit-
ical dividing-streamline height (Hc) to sepa-
rate the flow in the vicinity of a hill into 
two separate layers. The plume component 
in the upper layer has sufficient kinetic en-
ergy to pass over the top of the hill while 
streamlines in the lower portion are con-
strained to flow in a horizontal plane around 
the hill. Two separate components of 
CTDMPLUS compute ground-level con-
centrations resulting from plume material in 
each of these flows. 

(3) The model calculates on an hourly (or 
appropriate steady averaging period) basis 
how the plume trajectory (and, in stable/neu-
tral conditions, the shape) is deformed by 
each hill. Hourly profiles of wind and tem-
perature measurements are used by 
CTDMPLUS to compute plume rise, plume 
penetration (a formulation is included to 
handle penetration into elevated stable lay-
ers, based on Briggs (1984)), convective scal-
ing parameters, the value of Hc, and the 
Froude number above Hc. 

h. Horizontal Winds 

CTDMPLUS does not simulate calm mete-
orological conditions. Both scalar and vector 
wind speed observations can be read by the 
model. If vector wind speed is unavailable, it 
is calculated from the scalar wind speed. The 
assignment of wind speed (either vector or 
scalar) at plume height is done by either: 

• Interpolating between observations 
above and below the plume height, or 

• Extrapolating (within the surface layer) 
from the nearest measurement height to the 
plume height. 

i. Vertical Wind Speed 

Vertical flow is treated for the plume com-
ponent above the critical dividing streamline 
height (Hc); see ‘‘Plume Behavior.’’ 

j. Horizontal Dispersion 

Horizontal dispersion for stable/neutral 
conditions is related to the turbulence veloc-
ity scale for lateral fluctuations, sv, for 
which a minimum value of 0.2 m/s is used. 
Convective scaling formulations are used to 
estimate horizontal dispersion for unstable 
conditions. 

k. Vertical Dispersion 

Direct estimates of vertical dispersion for 
stable/neutral conditions are based on ob-
served vertical turbulence intensity, e.g., sw 
(standard deviation of the vertical velocity 
fluctuation). In simulating unstable (convec-
tive) conditions, CTDMPLUS relies on a 
skewed, bi-Gaussian probability density 
function (pdf) description of the vertical ve-
locities to estimate the vertical distribution 
of pollutant concentration. 

l. Chemical Transformation 

Chemical transformation is not treated by 
CTDMPLUS. 

m. Physical Removal 

Physical removal is not treated by 
CTDMPLUS (complete reflection at the 
ground/hill surface is assumed). 

n. Evaluation Studies 

Burns, D.J., L.H. Adams and S.G. Perry, 1990. 
Testing and Evaluation of the 
CTDMPLUS Dispersion Model: Daytime 
Convective Conditions. U.S. Environ-
mental Protection Agency, Research Tri-
angle Park, NC. 

Paumier, J.O., S.G. Perry and D.J. Burns, 
1990. An Analysis of CTDMPLUS Model 
Predictions with the Lovett Power Plant 
Data Base. U.S. Environmental Protec-
tion Agency, Research Triangle Park, 
NC. 

Paumier, J.O., S.G. Perry and D.J. Burns, 
1992. CTDMPLUS: A Dispersion Model for 
Sources near Complex Topography. Part 
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II: Performance Characteristics. Journal 
of Applied Meteorology, 31(7): 646–660. 

A.3 OCD (OFFSHORE AND COASTAL 
DISPERSION MODEL) 

Reference 

DiCristofaro, D.C. and S.R. Hanna, 1989. OCD: 
The Offshore and Coastal Dispersion 
Model, Version 4. Volume I: User’s Guide, 
and Volume II: Appendices. Sigma Re-
search Corporation, Westford, MA. (NTIS 
Nos. PB 93–144384 and PB 93–144392). 

Availability 

The model codes and associated docu-
mentation are available on EPA’s SCRAM 
Web site (paragraph A.0(3)). 

Abstract 

(1) OCD is a straight-line Gaussian model 
developed to determine the impact of off-
shore emissions from point, area or line 
sources on the air quality of coastal regions. 
OCD incorporates overwater plume transport 
and dispersion as well as changes that occur 
as the plume crosses the shoreline. Hourly 
meteorological data are needed from both 
offshore and onshore locations. These in-
clude water surface temperature, overwater 
air temperature, mixing height, and relative 
humidity. 

(2) Some of the key features include plat-
form building downwash, partial plume pene-
tration into elevated inversions, direct use of 
turbulence intensities for plume dispersion, 
interaction with the overland internal 
boundary layer, and continuous shoreline fu-
migation. 

a. Regulatory Use 

OCD has been recommended for use by the 
Bureau of Ocean Energy Management for 
emissions located on the Outer Continental 
Shelf (50 FR 12248; 28 March 1985). OCD is ap-
plicable for overwater sources where onshore 
receptors are below the lowest source height. 
Where onshore receptors are above the low-
est source height, offshore plume transport 
and dispersion may be modeled on a case-by- 
case basis in consultation with the appro-
priate reviewing authority (paragraph 3.0(b)). 

b. Input Requirements 

(1) Source data: Point, area or line source 
location, pollutant emission rate, building 
height, stack height, stack gas temperature, 
stack inside diameter, stack gas exit veloc-
ity, stack angle from vertical, elevation of 
stack base above water surface and gridded 
specification of the land/water surfaces. As 
an option, emission rate, stack gas exit ve-
locity and temperature can be varied hourly. 

(2) Meteorological data: PCRAMMET is the 
recommended meteorological data 
preprocessor for use in applications of OCD 

employing hourly NWS data. MPRM is the 
recommended meteorological data 
preprocessor for applications of OCD employ-
ing site-specific meteorological data. 

(i) Over land: Surface weather data includ-
ing hourly stability class, wind direction, 
wind speed, ambient temperature, and mix-
ing height are required. 

(ii) Over water: Hourly values for mixing 
height, relative humidity, air temperature, 
and water surface temperature are required; 
if wind speed/direction are missing, values 
over land will be used (if available); vertical 
wind direction shear, vertical temperature 
gradient, and turbulence intensities are op-
tional. 

(3) Receptor data: Location, height above 
local ground-level, ground-level elevation 
above the water surface. 

c. Output 

(1) All input options, specification of 
sources, receptors and land/water map in-
cluding locations of sources and receptors. 

(2) Summary tables of five highest con-
centrations at each receptor for each aver-
aging period, and average concentration for 
entire run period at each receptor. 

(3) Optional case study printout with hour-
ly plume and receptor characteristics. Op-
tional table of annual impact assessment 
from non-permanent activities. 

(4) Concentration output files can be used 
by ANALYSIS postprocessor to produce the 
highest concentrations for each receptor, the 
cumulative frequency distributions for each 
receptor, the tabulation of all concentra-
tions exceeding a given threshold, and the 
manipulation of hourly concentration files. 

d. Type of Model 

OCD is a Gaussian plume model con-
structed on the framework of the MPTER 
model. 

e. Pollutant Types 

OCD may be used to model primary pollut-
ants. Settling and deposition are not treated. 

f. Source-Receptor Relationship 

(1) Up to 250 point sources, 5 area sources, 
or 1 line source and 180 receptors may be 
used. 

(2) Receptors and sources are allowed at 
any location. 

(3) The coastal configuration is determined 
by a grid of up to 3600 rectangles. Each ele-
ment of the grid is designated as either land 
or water to identify the coastline. 

g. Plume Behavior 

(1) The basic plume rise algorithms are 
based on Briggs’ recommendations. 

(2) Momentum rise includes consideration 
of the stack angle from the vertical. 
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(3) The effect of drilling platforms, ships, 
or any overwater obstructions near the 
source are used to decrease plume rise using 
a revised platform downwash algorithm 
based on laboratory experiments. 

(4) Partial plume penetration of elevated 
inversions is included using the suggestions 
of Briggs (1975) and Weil and Brower (1984). 

(5) Continuous shoreline fumigation is 
parameterized using the Turner method 
where complete vertical mixing through the 
thermal internal boundary layer (TIBL) oc-
curs as soon as the plume intercepts the 
TIBL. 

h. Horizontal Winds 

(1) Constant, uniform wind is assumed for 
each hour. 

(2) Overwater wind speed can be estimated 
from overland wind speed using relationship 
of Hsu (1981). 

(3) Wind speed profiles are estimated using 
similarity theory (Businger, 1973). Surface 
layer fluxes for these formulas are cal-
culated from bulk aerodynamic methods. 

i. Vertical Wind Speed 

Vertical wind speed is assumed equal to 
zero. 

j. Horizontal Dispersion 

(1) Lateral turbulence intensity is rec-
ommended as a direct estimate of horizontal 
dispersion. If lateral turbulence intensity is 
not available, it is estimated from boundary 
layer theory. For wind speeds less than 8 m/ 
s, lateral turbulence intensity is assumed in-
versely proportional to wind speed. 

(2) Horizontal dispersion may be enhanced 
because of obstructions near the source. A 
virtual source technique is used to simulate 
the initial plume dilution due to downwash. 

(3) Formulas recommended by Pasquill 
(1976) are used to calculate buoyant plume 
enhancement and wind direction shear en-
hancement. 

(4) At the water/land interface, the change 
to overland dispersion rates is modeled using 
a virtual source. The overland dispersion 
rates can be calculated from either lateral 
turbulence intensity or Pasquill-Gifford 
curves. The change is implemented where 
the plume intercepts the rising internal 
boundary layer. 

k. Vertical Dispersion 

(1) Observed vertical turbulence intensity 
is not recommended as a direct estimate of 
vertical dispersion. Turbulence intensity 
should be estimated from boundary layer 
theory as default in the model. For very sta-
ble conditions, vertical dispersion is also a 
function of lapse rate. 

(2) Vertical dispersion may be enhanced be-
cause of obstructions near the source. A vir-

tual source technique is used to simulate the 
initial plume dilution due to downwash. 

(3) Formulas recommended by Pasquill 
(1976) are used to calculate buoyant plume 
enhancement. 

(4) At the water/land interface, the change 
to overland dispersion rates is modeled using 
a virtual source. The overland dispersion 
rates can be calculated from either vertical 
turbulence intensity or the Pasquill-Gifford 
coefficients. The change is implemented 
where the plume intercepts the rising inter-
nal boundary layer. 

l. Chemical Transformation 

Chemical transformations are treated 
using exponential decay. Different rates can 
be specified by month and by day or night. 

m. Physical Removal 

Physical removal is also treated using ex-
ponential decay. 

n. Evaluation Studies 

DiCristofaro, D.C. and S.R. Hanna, 1989. OCD: 
The Offshore and Coastal Dispersion 
Model. Volume I: User’s Guide. Sigma 
Research Corporation, Westford, MA. 

Hanna, S.R., L.L. Schulman, R.J. Paine and 
J.E. Pleim, 1984. The Offshore and Coast-
al Dispersion (OCD) Model User’s Guide, 
Revised. OCS Study, MMS 84–0069. Envi-
ronmental Research & Technology, Inc., 
Concord, MA. (NTIS No. PB 86–159803). 

Hanna, S.R., L.L. Schulman, R.J. Paine, J.E. 
Pleim and M. Baer, 1985. Development 
and Evaluation of the Offshore and 
Coastal Dispersion (OCD) Model. Journal 
of the Air Pollution Control Association, 35: 
1039–1047. 

Hanna, S.R. and D.C. DiCristofaro, 1988. De-
velopment and Evaluation of the OCD/ 
API Model. Final Report, API Pub. 4461, 
American Petroleum Institute, Wash-
ington, DC. 

[82 FR 5203, Jan. 17, 2017] 

APPENDIX X TO PART 51—EXAMPLES OF 
ECONOMIC INCENTIVE PROGRAMS 

I. INTRODUCTION AND PURPOSE 

This appendix contains examples of EIP’s 
which are covered by the EIP rules. Program 
descriptions identify key provisions which 
distinguish the different model program 
types. The examples provide additional in-
formation and guidance on various types of 
regulatory programs collectively referred to 
as EIP’s. The examples include programs in-
volving stationary, area, and mobile sources. 
The definition section at 40 CFR 51.491 de-
fines an EIP as a program which may include 
State established emission fees or a system 
of marketable permits, or a system of State 
fees on sale or manufacture of products the 
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