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Federal agencies in the United States are required to consider the cumulative
effects (CEs) of their activities combined with those of others. This requirement
has placed a burden on the environmental impact assessment (EIA) process die
to the technical complexities involved with cumulative effects assessment
(CEA). This article presents a CEA methodology that reduces some of the
inherent complexities by focusing on the cumulative influence to a single
environmental resource, ambient air quality. An eight-step method is presented
herein as a tool for the assessment of cumulative air quality effects. Procedires
foraccomplishment of the more difficult steps, such as the determination of what
activities to include in the evaluation and how to determine the significance of
a cumulative effect, are also included.

© 2000 John Wiley & Sons, Inc.

BACKGROUND

The National Environmental Policy Act (NEPA) (Public Law. 91-
190), in the United States, mandates that federal agencies evaluate and
document the environmental impacts of their actions in order to
publicly disclose those impacts and, more importantly, to provide
decision makers with high-quality information so that they can incor-
porate that information, and its significance, into the decision-making
process. One of the requirements specified by the Council on Environ-
mental Quality (CEQ) regulations is that federal agencies consider the
cumulative effects (CEs) of their activities combined with the activities
of others.” Analysis of such CEs within NEPA documents is a signifi-
cant challenge to environmental professionals. The challenge stems
from the technical complexity of the cumulative effects assessment
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Cumulative effects
analysis is essential to
the development of
appropriate management
strategies for the
environmental
consequences of human
activities.

(CEA) and confusion, or lack of agreement, on appropriate term
definitions and scope of analysis.

The CEQ defines cumulative impacts (effects) as:

... The impact on the environment which results from the
incremental impact of the action when added to other past,
present, and reasonably foreseeable future actions regardless of
whatagency (Federal or non-Federal) or person undertakes such
actions. Cumulative impacts can result from in dividually minor
but collectively significant actions taking place over a period of
time (40 CFR Sect. 1508.7).°

Cumulative effects analysis is essential to the development of appro-
priate management strategies for the environmental consequences of
human activities. Thus, the purpose of this type of analysis is to ensure
that federal decisions incorporate the full range of consequences of
actions." This article describes an approach for such an analysis and is
presented in five main parts. The first summarizes an overall eight-step
assessment method for cumulative air quality effects. The focus on an
individual resource (air quality) was selected to reduce the analysisto a
manageable level for purposes of this illustration. Simultaneous evalu-
ation of every cumulative effect resulting from an activity can be over-
whelming. Of all the possible resources to evaluate, air quality was
selected due to the relatively consistent air quality analysis approach
taken in individual activity impact assessments, as well as the high
profile of air quality effects resulting from U.S. Air Force activities (for
which this method was originally intended).

The remaining sections relate to the accomplishment of four specific
steps within the overallmethod where previously existing guidance was
unavailable. These include a procedure for determining reasonably
foreseeable future actions (RFFAs), quantification models suited to air
quality CEA, a conceptual approach for CE significance determination,
and opportunities for CE mitigation.

This method for the analysis of cumulative air quality effects results
from research consisting of (1) a review of recent environmental impact
statements (EISs) and environmental assessments (EAs) to identify and
evaluate the techniques used to assess cumulative and air quality im-
pacts (focused on a review of 27 EISs and EAs completed by the U.S. Air
Force); (2) a review and analysis of approximately 40 federal and state
court cases heard in the United States where rulings were made relevant
to the legal interpretation of what actions are defined as RFFAs; (3) a
review of air quality impact quantification methods and selection of
methods thatare best suited to CEA; (4) the development of a conceptual
approach for significance determination for cumulative air quality ef-
fects and associated opportunities for mitigation; and (5) method testing
to demonstrate how the environmental planner can use the developed
procedures to assess effects with varying degrees of accuracy and levels
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of detail depending on information availability and concern about air
quality inthestudy area. The details relative to this research can be found
in Rumrill’s work.”

THE CUMULATIVE AIR QUALITY EFFECTS ASSESSMENT
METHOD

Exhibit 1 presents eight steps in the cumulative air quality effects
assessment (CAQEA) method. The CEA process can be accomplished
either as an integral part of the environmental impact assessment (EIA)
process applied to a specific project, or it can be accomplished as a
separate study for a general area and time frame and incorporated by
reference into individual project assessments. Regardless of which ap-

proach is taken, the eight steps presented in Exhibit 1 are applicable.

Exhibit 1. Steps in the CAQEA Method

Step

Comments

1. Select definition of CE tobe applied to the analysis.

2. Determine spatial and temporal boundaries.

3. Determine past, present, and reasonably foresee-
able future actions (RFFAs) to be included in the
analysis.

4. Determine background ambient air pollutant con-
centrations and obtain applicable standards.

5. Develop quantitative and qualitative emission
data estimates for the actions determined in Step 3.

6. Determine quantitative and qualitative change to
background air quality (determined in Step 4) result-
ing from evaluated actions.

7.Evaluate the CE significance in context with the air
quality impacts of the action originally generating
the NEPA requirement and incorporate that signifi-
cance into the assessment.

8. Include mitigation opportunities for CEs when
discussing specific action impact mitigation.

CEQ definition is recommended.

Consider physical airshed and political regions (spatial)
and forecasting capability limitations (temporal).

See section of this paper addressing RFFAs.

Regional air quality monitoring station data is recom-
mended. Standards can include ambientair quality stan-
dards and emission standards.

Develop an emission inventory for the project and other
actions in the spatial and temporal boundaries.

Emissions inventories and quantitative air quality mod-
eling can be useful. See section of this paper summariz-
ing three types of models.

Necessary to properly determine impact significance.
See section of this paper which describes a scoring method
for CE significance determination.

Additional mitigation opportunities/options are avail-
able when other activities are considered. See section of
this paper that highlights these opportunities.
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Step 2, the determination
of spatial and temporal
boundaries, must include
consideration of practical
limitations such as time,
funding, political
influence, and the
predictive capabilities of
the models employed.

The steps of the CAQEA method begin with the selection of a
definition of cumulative effects to apply throughout the analysis. There
are several definitions available and while each may be valid, the
uniform employment of a single definition reduces the likelihood of
inconsistencies in a specific CEA study.

Step 2, the determination of spatial and temporal boundaries, must
include consideration of practical limitations such as time, funding,
political influence, and the predictive capabilities of the models em-
ployed. A reasonable beginning to boundary selection is the spatial and
temporal range of the predicted effects of the proposal origirating the
requirement of the CEA. In this case, the boundaries could be based on
the anticipated dispersion area for the emitted pollutants over a time
period where those effects could be reasonably monitored or modeled.
These boundaries can then be adjusted based on the additional, reason-
ably foreseeable, or connected actions that are addressed with the
original proposal, as well as other factors related to information avail-
ability and the increasing uncertainty of predictions associated with
considerations further into the future.

In Step 3, the activities to evaluate are selected. The selection of the
activities to evaluate firmly defines the context and extent, and thus
influences the contextual significance, of the analysis. The importance of
this step indicates that it descerves noteworthy attention. Accordingly, a
procedure is included herein specifically for the delineation of appropri-
ate future activities to include in a CEA.

Step 4, the determination of background ambient pollutant concentra-
tions and related regulatory standards, establishes the baseline conditions
against which the subsequent CEs are to be evaluated. This information
should be obtained for each pollutant addressed in the evaluation.

The fifth step requires the development of an air emission inventory,
relative to the pollutants of concern, for the identified activities within
the temporal and spatial boundaries. This information can be obtained
from such sources as emission inventory reports and state emission
summary reports, and/or developed independently from available
emission estimating procedures.

In Step 6, the assessor must determine the quantitative and qualita-
tive change to the air quality resulting from the cumulative influence
of the evaluated activities. This can be done either through direct
comparison of the preexisting and resultant emission levels or through
modeling techniques used to approximate changes to ambient concen-
trations. Regardless of which method is used, the assessor should
include a discussion of the uncertainty in each of the predictive meth-
ods employed so as not to lend undue weight to the value of the
forecasted results.

The seventh step is the determination of the cumulative significance
resulting from the evaluated future proposal(s) within the context of the
spatial and temporal time frame of the analysis and the associated
activities. Effects intensity ratings and a scoring matrix for combining
various legal, political, and health considerations associated with effects
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According to the CEQ,
adequate consideration of
CEs must involve an
analysis of the proposed
action in view of past,
present, and RFFAs.

significance are included herein. This provides the basis for a standard-
ized significance determination system with results that can be incorpo-
rated into multiple future environmental analysis studies.

Finally, Step 8 addresses opportunities for cumulative effects mitiga-
tion. The intent of this step is to expand mitigation options beyond
consideration of only the original proposal to encompass multiple future
activities. This approach promotes improved cost effectiveness in the
expenditure of limited mitigation resources.

ADDRESSING THE FUTURE (STEP 3 OF CAQEA)

Step 3 of the CAQEA method involves the selection of past, present,
and RFFAs to include in the analysis. The influence of past and present
activities can be adequately approximated through observation of the
current ambient pollutant concentrations. Adequate discussion of the
future is, however, more complex.

According to the CEQ, adequate consideration of CEs must involve
an analysis of the proposed action in view of past, present, and RFFAs.
One key difficulty in this analysis is the determination of what activi-
ties should be considered as RFFAs. For over two decades, the answer
to the question—when does a contemplated action become “reason-
ably foreseeable?”—has been argued in the U.S. courts. In fact, over 40
court cases have involved CEs, and many of them hinged on the
determination of RFFAs.

Areview of the court cases addressing the issue of RFFA determina-
tion provided insight into the nature of the problem and offered the
opportunity to develop improved procedures to avoid future litiga-
tion. In Considering Cumulative Effects Under the National Environmental
Policy Act, the CEQ presents a discussion of some of the issues to
consider when identifying future actions. The recommendations made
include a review of pertinent planning documents and “reasonable
forecasting.” Additionally, guidance is provided to allow for exclusion
of proposals that (1) are outside the temporal and spatial boundaries,
(2) will not atfect the resources that are the subject of the analysis, or (3)
could be considered arbitrary.” This document does not, however,
provide a pragmatic framework or procedure for the identification of
RFFAs. Rather, it states that analysts should develop their own guide-
lines and that the assumptions or basis used to forecast future activities
should be discussed in the assessment.”

Based on the issues addressed in the reviewed cases—and with the
precondition that when the courts contradict, a conservative approach
dictates that an action should be included—evaluation of future activi-
ties with respect to the eight activities shown in Exhibit 2 should
minimize court challenges on the basis of failure to include future actions
ina CEA. Brief comments on each of these eight activities are as follows:"

Activity 1—Determine reasonable temporal and spatial boundaries
with respect to the availability of information, the realm of influence
or control exerted by the subject agency, and the nature of the
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Exhibit 2. Eight-Activity RFFA Decision Flowchart

Activity 1

Determine Spatial and Temporal

Boundaries for the CEA

RFFA 4—
(+)

RFFA <4+
(+)

RFFA 4“—
(+)

RFFA 4—

Activity 7
Evaluate Significance
Significant?  —————p

yes

v

Include RFFA in CEA

yes

yes

yes

yes

no

Activity 2

—_» [dentify Existing Formal Proposals

v

44— Within Boundaries?
no —P Exclude from

¢ analysis

Activity 3
Forecast Future Activities within Boundaries

v

Activity 4
Evaluate Connectedness

v

<4— Connected?
no

v

Activity 5
<4—— Determine if Significant Resources
were Invested

no

v

Activity 6
Determine Planning Document Relationships
within Boundaries

4——— Relationships Exist?
no

——» Exclude Activity from Analysis

v

Activity 8
Document

>
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Conduct forecasting to
determine possible,
plausible, conceivable,
and probable future
activities both internal
and external to the
subject agency that fall
within the temporal and
spatial boundaries
established in Activity 1.

environmental impacts of the original project. This activity coincides
with Step 2 in the CAQEA method.

Activity 2—Within thoseboundaries, if the agency has additional formal
proposals, approved or pending approval, relating to the accomplish-
ment of any agency goal or objective, include them as RFFAs.

Activity 3—Conduct forecasting to determine possible, plausible, con-
ceivable, and probable future activities both internal and external to the
subject agency that fall within the temporal and spatial boundaries
established in Activity 1. This is not intended to encompass every
speculative possibility. Evidence to support the likelihood of each fore-
casted activity should be included in the analysis. For example, a
forecasted housing development informal proposal could be supported
by population growth projections and existing dwelling unit occupancy
statistics that demonstrate the need for the development. Other support-
ing evidence could be provided through a discussion of any linkages to
formal proposals identified in Activity 2.

Activity 4—Evaluate the list from Activity 3 to determine possible
connectedness to the original proposal. Consider (a) geographic rela-
tionships, (b) common resources or environmental media impacted,
and (c) causal links or catalytic effects between the original and fore-
casted activities. If connections can be determined, consider those
activities as RFFAs.

Activity 5—Again evaluating the list of proposals from Activity 3,
determine if “significant amounts” of effort, resources, time, and/or
money have been invested into planning the future activities. If so,
consider the activities as RFFAs.

Activity 6—Within the area of concern (spatial boundary), determine the
existence of any planning documents, such as city or regional develop-
ment plans, historic preservation plans, district plans, or environmental
use plans, that relate future activities and the original proposal through
a common goal or objective. If such relationships can be determined,
consider the related future activities as RFFAs.

Activity 7—Evaluate the significance of each activity thus far catego-
rized as reasonably foreseeable. Include consideration of (a) whether or
not obtaining useful information, or relevant prediction models, related
to the environmental impacts of the activity is possible at this point in
time; and (b) whether or not the information obtained will have any
influence on the original project alternative evaluation and selection.
This determination is not intended to evaluate the significance of the
project effects on the environment. It is a scoping exercise to ensure that
the REFF A listis limited to only those activities with measurable effects on
the resource or media of concern relevant to the scale of the analysis. If
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The first requirement of
air quality effects
quantification is the
procurement, or
development, of a
comprehensive emissions
inventory.

RFFAs are determined to be “insignificant” or impossible to evaluate at
this time, exclude them from the list. The remaining RFFAs should be
included in the CEA for the original project.

Activity 8—Document the evaluation of RFFAs and include that docu-
mentation in the final impact study report, probably as an appendix.

Theorderoftheactivities is intended to demonstrate a logical flow for
the decision-making process. This does not mean, for example, that
Activity 1T must be completed prior to exerting effort toward Activity 2.
Norisitintended toimply that, once completed, the results of an activity
cannot be revised. The importance resides in the inclusion of each issue
for RFFA determination regardless of the order of activity completion or
number of iterations.

Following these eight activities through the decision process illus-
trated in Exhibit 2 will ensure that most, if not all, relevant projects are
included. It will demonstrate to the decision makers, regulators, and if
necessary, the courts thata concerted effort was made to comply with the
spirit of the legislation and CEQ regulations and provide the pertinent
information needed to make responsible decisions with respect to the
protection of the environment.

APPROPRIATE QUANTIFICATION MODELS
(STEP 6 OF CAQEA)

Step 6 of the CAQEA method requires that the assessor determine the
cumulative quantitative and qualitative changes to the air quality within
the defined temporal and spatial boundaries. This section establishes the
air quality quantification needs as related to CEA and then presents the
modeling tools which meet those needs.

The first requirement of air quality effects quantification is the
procurement, or development, of a comprehensive emissions inven-
tory. This includes the emissions from mobile, as well as stationary,
sources and should include the construction, operation, and possibly
even demolition phases of the existing and future activities within the
defined boundaries. Evaluation of the changes in specific pollutant
emission levels over time provides valuable quantitative information.
Theinfluence of specific activities can be represented as a change to the
total annual tonnage of an emitted pollutant, as well as a percentage
increase over the previous or existing levels. This type of analysis may
be sufficient to determine the cumulative change; however, where
existing ambient concentration data are available, air quality modeling
can provide additional, contextual; information about current and
future conditions.

Air quality modeling provides a scientific means of relating source
emissions and the atmospheric processes discovered through meteoro-
logical observation to provide estimates of resultant ambient air quality.”
Modeling is often required as part of construction and operation permit
processes to demonstrate that ambient air quality standards will be
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Through a qualitative
comparison approach, the
six decision criteria (or
desirable attributes) were
applied to over 20 model
types, or classifications
commonly available for
use in air quality
analysis.

attained. With regard to future activities, modeling is about the only
method available for determining air quality effects.” However, because
numerous models are available, selection of appropriate models for
specified conditions is necessary."

Qualitative comparison selections can be made based on the identifi-
cation of decision criteria (or desirable attributes) and display of the
candidate methods (e.g., model classes) in conjunction with those crite-
ria (or attributes). Once this evaluation has been conducted for each
candidate method, the “best choice” can be identified based on the
comparison results and sound professional judgment.”

Inclusion of RFFAs in the analysis introduces the requirement to
forecast anticipated, but not guaranteed, future effects. Defining CEA to
include these future planned activities infers the uncertainty, and pos-
sible limitations, of the data available on the anticipated air quality
effects. Thus, the following six decision criteria (or desirable attributes)
for the qualitative comparison approach for model selection were devel-
oped in part based on these inherent uncertainties:"

1. The model employed should be simple to use and not resource
intensive.

2. The model should provide acceptably accurate results without
extensive, detailed input data.

3. The model should allow consideration of the relation of activity
emissions to established emission and/or ambient air quality
standards.

4. The model should be usable for forecasting future air quality
concentrations and/or activity emission levels.

5. The model should be applicable to both local and regional air
quality and/or emission level calculations.

6. The model should focus on the prediction and assessment of
long-term (annual) average effects rather than short-term (hourly)
worst-case effects.

Through a qualitative comparison approach, the six decision criteria
(or desirable attributes) were applied to over 20 model types, or classi-
tications commonly available for use in air quality analysis." The results
of the qualitative comparison indicated that three model types fully meet
the six criteria for application to CEA. They are simple area source,
rollback, and box. The multibox model type is only restricted from this
list due to its complexity in calculation and resource, or data, require-
ments. Given the appropriate situation, it too could be applied within the
CAQEA method.

Simple Area Source Models

Simple area source models are useful for screening level analyses of
atmospheric pollutant concentrations in urban areas. Primarily, this
type of evaluation is based on emission source strength patterns within
the area (spatial boundaries) and average wind speed and direction.
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Gifford and Hanna presented a simple area source equation in 1973

given by:

c-<
u

where

C = annual average air pollution concentration;
Q = source strength per unit area;

U = annual average wind speed; and

¢, = parameter weakly dependent on city size.

One expression for calculating c is:
¢ = \/2/ X'"[a(1-b)]"
/T
where

X =distance from receptor to the upwind edge of the area source; and

,} " a,b = constants defined by the vertical atmospheric diffusion length
T G =aX.’
H 0 = .

Rollback models relate
air quality forecasting to
historical ambient air
quality data and
emission growth trends.

Rollback Models

Rollback models relate air quality forecasting to historical ambient air
quality data and emission growth trends. This type of model has been
used in air quality management as an estimation method for determin-
ing emissions reductions required to comply with ambient air quality
standards. The simple form of the model estimates future pollutant
concentrations using the equation :

C, =B+ kEl
where

C, = projected concentration;
B = background concentration;
E = future emissions estimate;

k = a proportionality factor that incorporates meteorology, source
distribution, and other source-receptor variances.

One expression for calculating k, based on present emissions and
observed maximum pollutant concentrations, is given as:

_C-B

k

where

C,‘ = maximum pollutant concentration; and
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Box models share
attributes with simple
area source and rollback
models in that the format
of the equations allow
ease of information
assimilation.

E, = present emissions.”

While the method is titled “rollback,” the temporal direction in which
the modelisapplied isirrelevant. The model can be used to project future
emissions based on present ambient concentrations or to determine
historical emission growth rates based on present ambient concentra-
tions and known past ambient concentrations. This method does, how-
ever, require greater knowledge about the subject area (spatial bound-
aries) than the simple area source models. Accurate data relative to the
“maximum pollutant concentration” is necessary to ensure that the
appropriate projections can be determined for future scenarios.

Box Models
The simple form of the box model is mathematically expressed by the
equation:

xyz

c=

where

C=average concentration of pollutant (< 20 um diameter if modeling
particulates), ug/m";

Q = emission rate of pollutant (< 20 um diameter if modeling
particulates) from emission source, g/ sec;

t = time period for which uniform mixing assumption is valid, sec;
X = downwind dimension of box, m;

y = crosswind dimension of box, m; and

z = vertical dimension of box, m.

The dimensions of the box are determined based on average wind
speed and terrain for x; average wind speed, source configuration, and
terrain for y; and limiting inversion height and terrain for z. Box models
can be used for single and multiple point, line, and area sources or
combinations of these source types.”

Box models share attributes with simple area source and rollback
models in that the format of the equations allow ease of information
assimilation. All three model classes employ generalizations of complex
meteorological and emission source conditions to minimize errors in
application resulting from numerous varying, or even inaccurate, esti-
mations of complex conditions. An additional attractive feature of the
box model is the ease of presenting the results spatially. Since the model
directly incorporates the dimensions of the evaluated area, decision
makers are provided with insight as to the predicted effects relative to
specific geographic boundaries or landmarks. The box model also pro-
vides the opportunity to address effects over arbitrarily defined regions
or those based on meteorological influence on the emitted pollutants.

The multibox model expands the concept of the box model by
dividing the evaluated volume of air, or airshed, into two-dimensional
or three-dimensional arrays of boxes. Individual box properties—such
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Once the CEs have been
estimated, Step 7 requires
the assessor to evaluate
the significance of those
predicted effects.

as inversion height, wind speed, and volume—can vary between
boxes. The modeled pollutants travel between adjacent boxes through
advective forces only. No diffusion across box boundaries is permitted
in this method. Multibox models have the advantage over single box
models in that time variation of inversion heights can be incorporated,
and the multiple box dimensions can be selected to conform to local
topography. The negative aspects of the multibox model include
failure to address vertical diffusion, and excessive calculation require-
ments. However, modifications have been incorporated into the
multibox model for specific applications to include vertical pollutant
concentration distribution.

Additional Observations

The applicability of multimedia transport and fate model structures
and prepackaged software, as well as the treatment of uncertainty in the
application of models, was also considered. The results can be summa-
rized into five concluding points as to the applicability of existing classes
of air quality models to air quality CE quantification:

L. There are existing models that can be applied or adapted to air
quality CEA. They include the simple area source, rollback, and
box models. There are no currently available physical models
suitable to air quality CEA.

2. Most available software applications are too specific or too
detailed to be of use in air quality CEA since the input data
estimations may be too difficult or even impossible to obtain or
may result in fluctuations to model uncertainty. This severely
limits the comparative study value of the predicted CEs.

3. Inaccordance with the USEPA requirements for approval of air
quality models, and to lend credibility to the predicted results,
any air quality CE quantification model should be validated or
calibrated in accordance with the USEPA guidelines."

4. Discussion of the CE quantification model uncertainty or error
factor within the study report will provide the decision maker
with a sense of the validity of the predicted results.

5. And, once developed, appropriate CE quantification models can
be integrated into a multimedia CEA executive protocol similar
to that of the multimedia pollutant transport and fate modeling
techniques.”

SIGNIFICANCE DETERMINATION FOR AIR QUALITY CEs
(STEP 7 OF CAQEA)

Once the CEs have been estimated, Step 7 requires the assessor to
evaluate the significance of those predicted effects. Determination of
cumulative effects significance differs from that of project-level impact
significance. In a CEA, multiple activities must be considered. The
timing and location of these proposals can influence the spatial and
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temporal boundaries considered, and the resultant significance determi-
nations. Whereas a project-level assessment considers the environmen-
tal consequences of asingle action on itslocal surroundings, a CEA needs
to address the long-term significance of the original proposal and other
proposals connected either by proponent agency planning, geographic
proximity, or affected resource. A CEA addresses not only the ability of

Exhibit 3. Significance Determination Factors in the CAQEA Method

Pollutant Emissions

- % change in total area emission level of a pollutant

- timing, duration, and rate of emission level change*

- comparison of emission rates to emission permit or rule limitations* (% of sources not meeting
requirements)

Ambient Air Quality Standards

- change in ambient concentration*

- timing, duration, and rate of ambient concentration change*

- violation of standards* (federal, state, local)

- influence on air pollution episodes

- influence on current area classification (attainment/nonattainment, maintenance area, prevention
of significant deterioration (PSD) area)

Public Perception
- level of concern expressed by public over air quality issues*

Secondary/Indirect/Synergistic Effects

- influence on photochemical pollution level (PPL) potential

- influence on VOC/NO ratio

- influence on stratospheric ozone

- influence on global warming

- spatial (transboundary) transport of pollutants (national, global)
- influence on SO, & NO contribution to acid deposition potential

Human Health
- level of carcinogenic effect
- level of noncarcinogenic effect

Mitigation
- timing/focus of mitigation efforts vs. timing /focus of effects

*Similar to factors typically addressed in project-level EIA.

Note: Sensitive receptors are not listed as a category for inclusion; however, they are addressed. A regional-level analysis
will typically always have some mix of sensitive receptors (e.g., children, hospital patients, elderly, specific crops, terrestrial
vegetation, valued structures or monuments, etc.) that could be affected. Direct consideration of sensitive receptors should
be accomplished at the individual project assessment level where local plume concentrations and dimensions can be
evaluated. At this level of analysis, consideration of sensitive receptors is included within the considerations of ambient air
quality standards and secondary /indirect/synergistic effects.
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The factors were
categorized into six
functional groups;
however, some issues
overlap multiple
categories.

the environment to assimilate the impacts of the original proposal, but
also its influence on development sustainability.

Significance Determination Factors

Since there was no available method for addressing the significance
of cumulative air quality effects, relevant air quality issues were consid-
ered, along with the assistance of a group of eight environmental
professionals with experience in air quality and CEA issues, in the
development of a list of factors for application to a systematic signifi-
cance determination procedure. The result is a list of 18 factors (see
Exhibit 3) determined to be appropriate for consideration in air quality
cumulative effect significance determinations.”

The factors were categorized into six functional groups; however,
some issues overlap multiple categories. For example, the combina-
tion of sulfur dioxide and suspended particulate matter can result in
a synergistic adverse health effect. Therefore, it could theoretically
fall under two categories: secondary/indirect/synergistic effects,
and health effects. Professional judgment must dictate where it is
applied for each assessment.

As indicated in Exhibit 3, only 6 of the 18 factors determined to be of
relevance in a cumulative assessment of air quality are typically ad-
dressed in project-level assessments. Project specific assessments will
typically address the change in emission level, but only based on the
contribution of a single proposal. Comparison to permit rules or limita-
tions is also common; however, the study area trends toward compliance
may not be addressed. Under the ambient concentration catego