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ABSTRACT

Environmental issues such as nonpoint-sourca pollution, acid rain, reduced biodiversity, land use

change, and climate change have widespread ecological impacts and require an integrated

assessment approach. Since 1978, the implementing regulations for the National Environmental

Policy Act (NEPA) have required assessment of potential cumulative environmental impacts.

Current environmental issues have encouraged ecologists to improve their understanding of

ecosystem process and function at several spatial scales. However, management activities

usually occur at the local scale, and there is little consideration of the potential impacts to the

environmental quality of a region.

This paper proposes that regional ecological risk assessment provides a useful approach for

assisting scientists in accomplishing the task of assessing cumulative impacts. Critical issues

such as spatial heterogeneity, boundary definition, and data aggregation are discussed.

Examples from an assessment of acidic deposition effects on fish in Adirondack lakes illustrate

the importance of integrated data bases, associated modeling efforts, and boundary definition at

the regional scale.

INTRODUCTION

Effective management of our natural resources requires a holistic approach to

environmental assessments. Since 1978, the implementing regulations for the National

Environmental Policy Act (NEPA) have required assessment of potential cumulative

environmental impacts. Cumulative impact assessment, effects assessment for
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programmatic environmental impact statements (PEIS), and ecological risk

assessment share some common goals and needs when applied to large geographic

areas or regions. In the United States a region can range in size from an area the

size of several counties to several states. A region should contain a certain degree of

homogeneity with respect to the characteristics used to define it (de Blij 1978). The

goals of these assessments include making informed decisions and protecting or

managing the environment at large geographic scales. The needs of cumulative,

programmatic, and risk assessments at the regional scale include (1) regional and

national integrated data bases, (2) monitoring that characterizes conditions at several

spatial scales, (3) quantified relationships between landscape structure and function,

(4) mechanistic understanding of the controls on landscape functions at several spatial

scales, and (5) models for several spatial and temporal scales.

The common goals of assessments for cumulative impacts, PEISs, and

ecological risk are to make informed decisions and to protect or manage the

environment for large geographic areas. A cumulative impact assessment should

qualitatively or quantitatively assess "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" (CEQ 1978). The PEIS is appropriate for

general matters or related actions that are similar in nature or broad in scope and

have cumulative impacts (Sigal and Webb 1989). Myslicki (Chap. 5) points out the

advantages of using PEISs to look at cumulative impacts. A regional risk assessment

should evaluate the aggregate influence of multiple disturbances on the total resource



as bounded by the region of influence for the hazard of interest. Risk assessment

goes beyond a cumulative or programmatic assessment in that it must quantify the

probability of impact and the associated uncertainty. Thus, a regional ecological risk

assessment is the extreme quantification of a cumulative or programmatic assessment

and represents what assessments should be striving to achieve.

This paper proposes that regional ecological risk assessment provides a useful

approach for assisting scientists in accomplishing the task of assessing cumulative

impacts. A risk assessment approach is independent of scale (i.e., the components of

the assessment are developed for the appropriate space and time scales of each

indwkJuai assessment). The Canadian Environmental Assessment Research Council

and the U.S. National Research Council (1986) stated, "neither scientists nor

institutions are working at the temporal and spatial scales needed for the assessment

of cumulative effects." Thankfully this statement is no longer true; however, often the

research and analyses are being developed in different disciplines. The theory and

analyses from landscape ecology (Turner 1989) and research and tools from

geography, both of which focus on spatial scale, when combined with a risk

assessment approach, hold great promise for future NEPA assessments. This paper

discusses; in detail the importance of defining the regions/subregions for assessment;

this activity relates to our need to quantify relationships between landscape structure

and function and to understand the mechanisms that control landscape functions at

different spatial scales.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thireof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
m^nHaiinn nr favnrino hv i he United States Government or any agency thereof. The views



CUMULATIVE IMPACT ASSESSMENT APPROACH

Spatial and temporal scales are important to the understanding, analysis, and

management of cumulative effects. As with regional risk assessments, adequate

cumulative impact assessments require an understanding of the contributions to

assessment uncertainty from boundary definition (geographic area for assessment),

data resolution and aggregation, and spatial heterogeneity of a resource within the

assessment area. Cumulative impacts are best addressed at the regional scale, while

both national and regional scales are appropriate for programmatic issues (Fig. 1).

Often cumulative impacts are too complex or extensive to adequately address in most

local assessments except in a qualitative manner, unless a regional assessment is

available from which to tier. National or programmatic assessments, because of their

breadth and often a lack of integrated data bases, cannot be expected to address

cumulative impacts in much detail (Cada and Hunsaker 1990, FERC 1988a). Several

environmental impact statements (EIS) for hydropower development illustrate the

ability to quantify cumulative effects at a regional or river basin scale (FERC 1985a,

1985b, 1986, 1988a, 1988b).

The approach outlined for regional ecological risk assessment (Hunsaker et al.

1990) can be used for cumulative impact assessment and programmatic assessments

for large geographic areas. Risk assessments can be thought of as having two

distinct phases—the definition phase and the solution phase (Fig. 2). In the definition

phase, the endpoint (entity and its quality of concern), source terms (source and



associated magnitude of hazard), and geographic area for assessment (reference

environment) are defined. The definition of these three elements should be an iterative

process, and the understanding of the hazard should take into account not only the

ecological processes of interest but also the social, economic, and institutional

processes significant to the hazard. In the solution phase, exposure and effect are

assessed and then combined to determine the risk or probability of a negative event

happening.

SELECTION OF REGIONS AND SUBREGIONS FOR ASSESSMENT

For any cumulative effects assessment, the assessor should consider the

contributions to assessment uncertainty from boundary definition, data resolution and

aggregation, and spatial heterogeneity. For risk assessment, such uncertainty should

be quantified. The importance of boundary definition, selection of regions and

subregions in this paper, is discussed in detail because appropriate definition of the

assessment region can reduce uncertainty; it is also related to data resolution, data

aggregation, and spatial heterogeneity. Throughout the discussion, points are

illustrated with examples from a demonstration assessment of atmospheric pollutant

effects on aquatic ecosystems. The ability to provide such a refined example is

possible because of years of research and analyses by many scientists, primarily

funded by the National Acid Precipitation Assessment Program (NAPAP 1990).



DEMONSTRATION DATA AND MODELS

Recent international agreements for controlling atmospheric pollutants have

focused on methods to identify and map the distribution and amounts of deposition of

atmospheric pollutants that do/do not cause significant harmful effects on the

environment (critical loads) (CLRTAP 1989). The United States has emphasized the

need to develop critical loads for appropriate geographic areas (i.e.,

regions/subregions whose endpoints or resources of interest respond in a similar way

to the hazard of interest). The examples used in this chapter come from that effort to

develop and demonstrate an assessment approach for determining and mapping

critical loads in the United States. In these examples the assessment region or

reference environment is the Adirondack region in New York State. The endpoint is

the proportion of lakes with brook trout, and the source of the acidic deposition

hazard is sulfate deposition. The sulfate exposures are for current deposition and

50% of current deposition. The lake acidification model results shown are from an

empirical, steady-state model (Henriksen 1984). The probability of fish presence was

predicted from surface water pH using an empirical fish response model. These

predictions assume that brook trout once existed in the lakes (Baker et al. 1988,

1990).1

Model development has been a major part of the 10-year NAPAP effort Models have been extensively
applied to assess the regional effects of acidic deposition (NAPAP 1890, Turner et al. 1990b, Sullivan 1990, Baker et
al. 1990, Thornton et ai. 1990). In particular, watershed models have been used both alone and in combination with
fish response models to project changes in water chemistry (Thornton et al. 1990) and in the suitability of waters for
fish (Baiter et al. 1980) resulting from deposition-driven changes in acid-base chemte&y. These analyses have been
performed for relatively large regions like the Adirondack Mountains.



Three data sets of lake water chemistry are used to evaluate the robustness of

the assumption that the variability between the response of lakes to a hazard within a

subregion is smaller than between subregions. The Eastern Lake Survey (ELS,

Linthurst et al. 1986) data base provides a statistically derived population for lakes

ranging from about 4 ha to 2000 ha. In ELS 128 lakes occur in the Adirondacks. The

Direct Delayed Response Project (DDRP, Turner et al. 1990a) was developed within

the statistical sampling frame of the ELS and was designed to project the long-term

effects of specified levels of sulfur deposition on a sensitive subset of the ELS.

Thirty-seven DDRP lakes occur in the Adirondacks. The Adirondack Lakes Survey

(ALSO 1989) has 1280 lakes, and is a census of Adirondack lakes 1 ha in size and

larger. Using lake location, each lake in each data base was assigned to its

appropriate subregion, and cumulative frequency distributions for each subregion and

each data base were developed for the probability of fish being present.

SELECTION OF ASSESSMENT SUBREGIONS

The influence of different data bases (resource populations) and current and

predicted data distributions for a subregion scheme are discussed with regard to

selecting subregions for cumulative effects assessments. I use several existing

subregion schemes to illustrate how one can evaluate the appropriateness or

usefulness of subregions for an assessment. Regions are divided into subregions to

improve the results of the assessment and provide geographic perspective for the

policymaker. Three possible ways to divide the region (Adirondacks in the example)



into subregions are illustrated using field data (Hunsaker et al. 1986) (Figs. 3 through

5).*

Aquatic studies classically use the watershed as a physiographic unit of

assessment. The Adirondacks can be divided into three large river basins (Fig. 3).

The Upper Hudson River and the Lake Ontario-St. Lawrence River basins are different

with respect to fish presence for all three data sets. The proportion of lakes with a

high probability of fish presence is much less for the Lake Ontario-St Lawrence River

basin. This probably results from the basin coinciding with the region of high sulfate

deposition in the western Adirondacks. For the purposes of this example, differences

in data distributions are determined in a qualitative manner; in actual practice the

cumulative frequency distributions would be drawn with confidence bands to

determine statistical differences in distributions. High elevation lakes tend to have

lower pH values and thus are less likely to have trout present (Hunsaker et al. 1986).

A useful subregion boundary occurs at the 600-m elevation contour for the DDRP and

ELS data bases (Fig. 4); however, this relationship does not hold for the ALSC. Since

the effect of acid deposition on lakes can be affected by soil processes, soil groups

provide another logical group of subregions. Trie haplorthods-haplaquods and

cryorthods-cryaquods show different patterns for the endpoint of fish presence for the

ELS and the ALSC. The latter are cool soils with high elevations and less buffering

2ln Figures 3 through 5, pH and fish presence are presented as cumulative proportions. Cumulative
frequencies have been converted to cumulative proportions to facilitate comparisons between data sets and subregions.
The curves depict the proportion of lakes having a probability of pH or fish presence of x or less. To read a curve for
a given subregion using a given data set, pick a value on the horizontal axis and read the proportion of lakes on the
vertical axis with a probability of x or less.
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capacity, thus they have a high probability of having low pH lakes and no trout. Soils

have complex patterns and the problem of having too many subregions for available

data is also illustrated in Fig. 5 with the DDRP data base.

Data and subregion definition can both contribute to analytic uncertainty. The

results of an effects model are likely to be different when different populations of

resources are used, such as the different data sets for lakes (ALSC, ELS, and DDRP).

For example, using the river basins as subregions, the Henriksen model predicted

fairly different subregional responses to deposition loads for each data base (Fig. 6).

Model results using lake populations from ELS and ALSC predicted that lakes in the

Lake Ontario basin would have a higher probability of fish being present under a 50%

deposition reduction from current levels than lakes in the other two basins. When

DDRP lakes were used, the model predicted the opposite. For current deposition, the

model predicts the Lake Ontario basin to have the highest probability of fish presence

for all the lake populations.

The subregion schemes captured spatial differences in response under different

deposition scenarios with varying degrees of success. This point is illustrated using

the Henriksen model and the ALSC data base. This data base contains the largest

number of lakes, and the Henriksen model could be applied to this data set. The soil

order and the river basin subregion schemes best captured spatial differences in

response as shown by the vertical separation of the cumulative frequency curves for

the subregions (Fig. 7). In an actual assessment, confidence bounds would be

calculated and graphed for the cumulative frequency distributions and would be used



to determine if results were significantly different for different lake populations or

subregion designations. For the elevation subregion scheme, lakes in the low- and

medium-elevation subregions had very similar response patterns to deposition

scenarios for the Henriksen model and the ALSC data base. This lack of distinction is

supported by the field data for the ALSC; however, field data for ELS and DDRP show

a distinction between elevation subregions. If resources in a subregion are not

responding differently to an exposure than resources in an adjacent subregion, there

may be no reason to keep separate subregions. Thus one can conclude that

selection of appropriate subregions for an assessment can differ depending on the

data bases and data type (field monitoring vs model predictions) used. Confidence

can be increased in a subregion scheme if it is supported by both field data and

model predictions.

DISCUSSION AND CONCLUSIONS

The approach as outlined by Hunsaker et al. (1990) for regional ecological risk

assessment is useful for scoping and performing both cumulative and programmatic

effects assessments at the regional scale. The definition of the assessment region

and subregions is an important component of the assessment process. As shown by

the Adirondack examples, different data sets may suggest somewhat different

subregion schemes. Defining regions and subregions can improve the assessment

10



by: giving policymakers a geographic context and by capturing the spatial variability

of endpoint responses. The use of ecologically functional subregions should improve

the cost-benefit ratio for control and the accuracy of the sensitivity predictions by fine

tuning effects models. Even a logical subregion scheme is not useful if it is so

complex that sample size within subregions becomes too small for statistical

confidence. Of course, the risk assessment approach stresses quantification of

effects and uncertainty; such quantification should be our ultimate goal because it will

provide policymakers and the public with an objective way to make decisions when

cumulative effects are involved.

It is always a challenge to present in an understandable manner the analyses

and results of complex assessments to policymakers and the general public. This

task is only exacerbated for regional and cumulative assessments where large

amounts of data, large geographic areas, and more quantitative methods are the

norm. I believe that dose-response curves, cumulative frequency distributions, and

maps are very important tools for illustrating cumulative effects analyses. Tods that

will improve our ability to perform regional and cumulative assessments include

geographic information systems, improved application of remote sensing data, and

landscape indices that capture landscape patterns relevant to ecological processes

(O'Neill et al. 1988). The availability of integrated data bases is one of the factors

most hindering our ability to perform these assessments. A recent emphasis on

ecological monitoring at the regional and national scales (Hunsaker and Carpenter

1990) and revisions to national monitoring programs (Hirsch, Alley, and Wilber 1988)

11



are an encouraging sign that such data bases may exist in the future. Both consistent

and comprehensive long-term monitoring are needed at the correct scales for

cumulative effects assessments.

As outlined in Fig. 1, there is a logical spatial hierarchy that is sometimes

neglected in the preparation of impact assessments. As Myslicki (Chap. 5) comments,

"many times a programmatic EIS is the only place that impacts across diverse

geographic areas have the opportunity to be considered." Effects assessments *or

programmatic and cumulative assessments addressing a large geographic area share

some common goals and needs, and a regional ecological risk assessment approach

is suitable for these assessments.

Control of impacts often occurs at the loca! scale. Thus, if cumulative impacts

are best addressed at the regional scale, we must prevent the EIS process from

becoming an analysis without context. This can be achieved by regional and

programmatic planning as performed by associations of city and county governments,

river basin commissions, state planning activities, national monitoring and

assessments, and follow-up audits of NEPA documents.
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FIGURE LEGENDS

Figure 1. Relationships between national or programmatic, regional, and local

assessments. Arrows show the direction for tiering between these

assessments.

Figure 2. The two phases of regional risk assessment The hazard definition or

scoping of the problem and the problem solution. Source: Hunsaker et al.

1990. Regional ecological risk assessment Environ. Mgt 14(3):325-32.

Figure 3. Current probability of brook trout being present in Adirondack lakes within

watershed subregions, according to major river basins.

Figure 4. Current probability of brook trout being present in Adirondack lakes within

elevation subregions.

Figure 5. Current probability of brook trout being present in Adirondack lakes within

soil subregions. Cumulative frequencies are not shown for subregions with

less than ten lakes.
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Figure a Henriksen model results for presence of brook trout with current deposition

and reduced deposition for three data bases. Lakes were assigned to river

basin. Cumulative frequencies are not shown for subregions with less than

tan lakes.

Figure 7. Henriksen model results for presence of brook trout with current deposition

and reduced deposition. Lakes were assigned to soil and river basin

subregions. The number of lakes used was 1280 from the Adirondack

Lakes Survey Corporation (ALSC) data base. Cumulative frequencies are

not shown for subregions with less than ten lakes.

21



OBNL-DWG 89M-9589

NATIONAL OR PROGRAMMATIC ASSESSMENT
• Identifies issues and significant impacts to regions

• Should occur early in identification of an issue or
in development of a technology or program

Q Does not contain much detail about specific sites

REGIONAL OR RIVER BASIN ASSESSMENT
Q Should tier to national or programmatic assessment

• Contains moderate detail

Q Scale is most appropriate for cumulative impact
assessment

LOCAL ASSESSMENT
• Should tier to previous assessments

Q Project or site specific

• Most site detail
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n > 9 ALSC
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ORNL0WG90M-13488

CURRENT DEPOSITION 50% OF CURRENT
SCENARIO DEPOSITION SCENARIO

DDRP DATA

!S 1.00

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
PROBABILITY OF FISH PRESENCE PROBABILITY OF FISH PRESENCE

ELS DATA

, • - * . : * * ' ,

0 0.2 0.4 0.6 0.8 1.0
PROBABILITY OF FISH PRESENCE

0 0.2 0.4 0.6 0.8 1.0
PROBABILITY OF FISH PRESENCE

ALSC DATA

0 0.2 0.4 0.6 0.8 1.0
PROBABILITY OF HSH PRESENCE

0 0.2 0.4 0.6 0.8 1.0
PROBABILITY OF FISH PRESENCE

0201 Riviere Richelieu River Basin
n = 2 DDRP; 18 ELS; 166 ALSC

0202 •••• Upper Hudson River Basin
n = 19 DDRP; 48 ELS; 208 ALSC

0415 — Lake Ontario-St. Lawrence River Basin
n = 16 DDRP; 62 ELS; 906 ALSC



ORNLDWG89M-17212

CURRENT DEPOSITION SCENARIO

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
PROBABILITY OF FISH PRESENCE PROBABILITY OF FISH PRESENCE

50% OF CURRENT DEPOSITION SCENARIO

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
PROBABILITY OF FISH PRESENCE PROBABILITY OF FISH PRESENCE

SOIL
I26 Dystrochrepts-Fragiochrepts,

frigid n=58
S2 Haplorthods-Haplaquods

n=1098
55 . . . . Cryorthods-Cryaquods

n=119

HYDROLOGIC UNIT
0201 — Riviere Richelieu

River Basin n=166
0202 •••• Upper Hudson

River Basin n=208
0415 — Lake Ontario-St. Lawrence

River Basin n=906


