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1.0 INTRODUCTION

This report presents the procedures and results of an exploratory study dimensioning the
uncertainty around estimates of regional biotic effects caused by fresh water acidifi-
cation. This information is meant to augment scientific results by presenting an inter-
pretation of current scientific information concerning acid deposition to policy makers.
As such, it must include a measure of the confidence which can be placed in uncertain
specific estimates, thereby providing policy analysts with an additional critical perspec-
tive.

The premise underlying the method depicted in this report is that an acid deposition
policy assessment will be made regardless of the uncertainty or incompleteness of the
scientific data. Considerable uncertainty regarding the effects of acid deposition will
probably remain even after the research sponsored by National Acid Deposition_.'l'ask
Force is presented in 1989, As a result, policy assessment will be made with uncertain
information on the effects of acid deposition, the current rates of acidification, and the
reduction of acid deposition that would result from a reduction in precursor emissions.
This means that any decision to implement an acid deposition control strategy will con-
tain an implicit evaluation of the -probability that a given policy option is the correct

choice. Assessment planners have two options:
0 either policy makers can be left on their own in evaluating scientific
uncertainties, or

o) scientists and experts can directly assist decision makers by providing

information on these uncertainties.
If the latter option is preferred, the question becomes one of determining how to provide
information on the extent of uncertainty in the scientific data so that it is both useful to
the decision maker and scientifically accurate.
There is no question that the techniques used in this project will be viewed as controver-

sial by some parties. Still, it is important that the uncertainty in the estimated
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scientific relationships be dimensioned and this report presents one procedure for
accomplishing this. There are, however, other possible techniques. If reviewers and
researchers view this approach as inadequate, the authors encourage these individuals to
suggest alternatives, particularly since it is important that this dimensioning of uncer-
tainty be performed. This is a "first try", and it is important that alternatives be con-
sidered. Still, the conclusions drawn from this project indicate that this approach, or
variations of this approach, are able to provide needed information.

It is important that the information provided by this type of analysis be placed in the
proper perspective. As with all techniques, there are potential pitfalls in its applica-
tion. Two particular concerns need to be stated:

1) Policy makers may have an incorrect or inaccurate perception of how
"good" experts can be in making these subjective assessments, and thus

can be misled by the results; and,

2)  That the elicitation of expert subjective judgements does not become a

substitute for performing needed effects research.

The information provided by this type of project is meant to augment the more conven-
" tional presentation of scientific results. These techniques help to put scientific esti-
mates and conclusions in perspective. The dimensioning of uncertainty is based on
current scientific research and knowledge, and is simply another way of presenting this

information. It should not be viewed as a substitute for new scientific research.

In this project, considerable care was taken to avoid forcing scientists to make judgments
or to portray results at a level of precision beyond what they felt was reasonable. Expert
judgments required by this type of study will, by necessity, be somewhat vague. As a
result, it may not be appropriate to attempt to obtain precise estimates of the proba-
bility distribution for each uncertain outcome. This limitation is explicitly recognized in
this study. This project focuses on obtaining estimates of the range of potential effects
with only limited expectations regarding the ability of scientists to accurately provide
probébilities associated with different outcomes within that range.

The report is organized in the following form. Chapter 2.0 presents some background on
the importance of dimensioning the scientific uncertainty in acid deposition research,




and the reasoning which led to the selection os .- - - “.hapter 3.0 details the
development of the estimation procedure. Chaptz: . ..  .2s the performance of the
estimation procedure and presents the results of tive ... . .. Chapter 5.0 shows how the
collected data can be interpreted and used in an asses:iznt of regional damages to fish
populations. Chapter 6.0 presents conclusions drawn from the application of the
approach.







2,0 APPROACH BACKGROUND

This chapter presents background information useful for understanding the interpretation
of scientific uncertainty used in this project. The first section presents several reasons
for dimensioning the uncertainty around scientific estimates for use in policy assess-
ment. The second section discusses the philosophy of the approach, and compares it with
techniques used in other studies. The third section discusses how this information could
fit into an overall policy assessment model.

2.1 DIMENSIONING SCIENTIFIC UNCERTAINTY FOR POLICY ASSESSMENT

The conventional approach for incorporating scientific uncertainty in policy assessment
has been to discuss the weaknesses of the data, but then to select best estimates and
proceed with the calculations as if they were certain values. Although scientists care-
fully explain the limitations of their data and, therefore, the limitations of their results,
policy analysts still have to use these results in policy assessment. The policy analysts
may simply be unaware of how these factors affect the use of an estimate in a policy
assessment framework. By having the scientists dimension the uncertainty due to these
limitations, policy analysts will be provided with interpreted results which should, in
conjunction with other scientific results and testimony, provide a more comprehensive

perspective of the policy alternatives.

When uncertainty is directly incorporated into a policy assessment, two approaches are
generally used: statistical derivation of confidence intervals and estimation of a conser-
vative lower bound of effects. If estimates of the effects of acid deposition are derived
statistically from historical data, then confidence intervals around the estimated para-
meters have to be used as a measure of the uncertainty. Confidence intervals, while
useful measures of uncertainty, are based on a number of underlying statistical assump-
tions that may or may not be true. These include assumptions regarding the actual
distribution of the residual errors, the functional form of the model, and the inclusion of
all important causal variables correlated with variables included in the model. Further,
many effects estimates are based on laboratory experiments, or from samples taken in
limited geographic areas that then must be applied to larger regions. For these reasons,




uncertainty bounds based cin statistically derived confidence intervals typically express a
lower bound of the uncertainty.

The second approach for handling uncertainty in benefit-cost studies has been to try to
establish a lower bound for the estimate of benefits (reductions in damages). This is done
by selecting the parameters used in the beneﬂts calculations conservatively, i.e., when-
ever uncertainty is present the researcher tries to err on the low side. By doing this, the
researcher hopes to guarantee that the actual benefit estimates are greater than or equal
to the estimated levels. This procedure can be useful in establishing the dominance of
selected policies. If a conservatively estimated lower bound of the benefits still exceeds
the costs of a control policy, then one can be quite sure that the actual, unknown bene-
fits will exceed costs. There is, however, no actual dimensioning of uncertainty in this

approach.

If the range of uncertain outcomes of strategies to control acid deposition is to be
dimensioned, it may be necessary to base the estimates of the uncertainty on subjective
evaluations by experts. Even if simulation models or statistical models are used, an
alternative dimensioning of the uncertainty can provide useful and, in some cases, neces-
sary information. It may also be necessary to Edimension the uncertainty surrounding the
application of mechanistic models calibrated for narrow regions in order to obtain
regional estimates of the effects. Granting a rationale for the performance of subjective
assessments, two questions then arise. First, can subjective evaluations of uncertainty
be obtained, and second, how accurate will these assessments be?

Addressing the second question first, the use of subjective probability distributions will
be an improvement over a decision making framework that uses only a single "best
estimate” of uncertain damages. In choosing a single best estimate of uncertain effects,
the researcher or policy maker must be selecting this estimate from some underlying,
intuitive probability distribution. If there is not an underlying distribution, there is no
basis for claiming that any particular estimate is better than any other. By not express-
ing this intuitive distribution, the researcher is not utilizing all of the information at his
disposal. In fact, he may be obscuring information important to the correct interpreta-
tion of his results. As a researcher conducts experiments or performs studies, numerous
choices are made in the design and scope of the project. Often, these choices are based
on subjective probability assessments concerning the most likely structure of a causal
relationship. Scientific research, as well as environmental decision making, requires that

2-2




numerous subjective probability assessriizii:s ue made during the normal course of
events. Making these underlying, intuitive assessments explicit will only increase the
amount and quality of information available to decision makers.

‘Another advantage in the use of explicit procedures for dimensioning uncertainty is the
additional qualitative understandihg that can be gained through the process of quantify-
ing important decision parameters.* Examples of the use of subjective judgements in a
structured model have been evaluated in controlled laboratory studies. Many of these
studies have shown substantial benefits from the use of judgement based models when
compared with more common and untutored intuitive decision processes.’* By having to
express the extent of the uncertainty in quantitative terms, researchers and policy-
makers are forced to give more thought to the information requirements important to
the decision problem. Explicit procedures for dimensioning uncertainty will also assure
consistency across different researchers. If procedures for dimensioning uncertainty are
not defined, many different and possibly non-comparable methods will likely be used by

the different researchers.

Many important policy and assessment questions can be addressed by dimensioning the

uncertainty around effects estimates:

1. It will help decision makers evaluate alternative policies with uncertain

implications.

2. By using explicit procedures for dimensioning uncertainty, information

critical to policy assessment can be subject to formal peer review with

respect to both its content and estimation procedures.

3. It will assist in the determination of research priorities by showing the

benefits of reducing uncertainty in different effects areas.

*Keeney and Raiffa (1976, p. 364) discuss the advantages in qualitative understanding
that were gained through the construction of joint probability functions for potential
outcomes in an air pollution control decision problem.

**See S. H. Mcintyre (1982) for a discussion of the use of the models in making marketing
decisions.




4, It will allow, in conjunction with economic analysis, important policy

questions to be addressed, particularly:

o the appropriate timing of control strategies
o the benefits and costs of delaying the implementation of control
strategies in order to collect additional information.

22 BACKGROUND TO THE APPROACH USED TO DIMENSION UNCERTAINTY

The approach for dimensioning uncertainty most often used in risk assessment has been
to have experts provide point estimates of the probability of occurrence of different
events. The precision implied in these point.probability estimates simply may not be
realistic. In spite of the sophisticated probability encoding techniques that are available
(see Lichtenstein et al., in press, and Spetzler and Stael von Holstein, 1975), scientists
whose opinions regarding the likelihood of different events, which may be only vaguely
formulated, can feel manipulated by a precise probability encoding process. In response
to this concern, Suppes (1974) and most recently Feagans and Biller (1981) have used
estimates of probability intervals rather than less realistic point estimates of probabili-

ties for different effects estimates.

In developing a method for assessing health risks in the setting of National Ambient Air
Quality Standards (NAAQS), Feagans and Biller obtained upper and lower subjective
probabilities for each event under consideration. The vagueness or imprecision of the
experts' judgement in their approach is reflected in the difference between the upper and
lower probabilities. The method selected for use in this study is similar to the approach
used by Feagans and Biller in that the imprecision in the experts' ability to express or
dimension uncertainty is directly addressed. The focus is on estimating the range of
potential effects (i.e., upper and lower bounds to effects) with only a simple weighting
scheme to express the likelihood of different outcomes within that range. The Feagans
and Biller approach is designed to provide considerably more detailed information. They
consider each outcome within the possible range of effects and have the expert estimate
upper and lower probabilities for each outcome. Although the elicitation depicted in
Chapter 4 of this report has less ambitious information goals, scientific experts were
able to provide the requested estimates more reliably and, therefore, view them as more
credible. The lack of information on causal mechanisms associated with acidification
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effects as © . -1 ..rge variability in ecosystem response to acid deposition warrants
conservati: - ..~ .°..ons regarding the precision with which experts can associate dif-
ferent effor« ' .r2s with probabilities.

The objectiv.: of this process is to obtain information concerning the uncertainty of
effects estimates, and not to implement a procedure that requires a level of precision
that can not be met. Wallsten et al. (1983) cite publications which show that U.S. Army
intelligence analysts do not use explicit quantitative probability estimates in their
analyses because they believe numeric estimates fail to convey the vagueness inherent in
their opinions. The method taken in this study falls in between the precise estimation of
a probability distribution and the refusal to incorporate any numeric probability esti-
*
mates.

23 A POLICY ASSESSMENT APPROACH

The framework used to dimension uncertainty in this project was developed from the
data requirements of several economic studies as well as other general policy assessment
approaches (see Violette and Peterson, 1982). There are a number of common character-
istics to the assessment approaches that were considered. One such characteristic is
that rather than focusing on optimizing, i.e., picking the best approach from among all
possible approaches, the policy approaches considered utilize a satisfying criteria.
Instead of selecting the best policy from all potentia! policy options, the approach
focuses on selecting the best policy from a limited set of options. For example, a pre-

selected set of policy options could encompass:

Policy 1 - a no change strategy, i.e., no new controls.
Policy 2 - a 20 percent decrease in precursor emissions.
Policy 3 - a 40 percent decrease in precursor emissions.

These three policy options are quite distinct. The information needed to pick the best
policy from among these three is very different than the information required to deter-

*As was pointed out by Wallsten et al. (1983), the use of non-numeric phrases to describe
uncertainty may cause problems because the phrases are understood differently by
different people.




mine whether a 20 percent or 25 percent reduction in emissions is the better choice.
Choosing between policies this similar will be a difficult task, given current information
concerning the effects of acid deposition. Only limited resolution between different
policy options may be achievable due to uncertainty in effects estimates.

If the costs of the three policy options presented above are $0, $1 and $3 billion annually,
then:

o Policy 1 will be the best choice of the three if benefits from adopting
Strategy 2 are less than S1 billion and the benefits of Policy 3 are less
than $3 billion, i.e., the costs of each of the contro! strategies are
larger than the benefits.

o Policy 2 will be the best choice if the pet benefits of a 20 percent
reduction in emission (benefits - costs) are positive and greater than the
net benefits of Policy 3.

o Policy 3 will be the best choice if the net benefits of a 40 percent
reduction in emissions are positive and greater than the net benefits of

Policy 2.

Violette and Peterson (1982) show how these selection criteria can be framed as the
probability that the benefits of reductions in emission fall into given intervals. Aithough
Violette and Peterson (1982) formulated the intervals in terms of average damages in
dollars per unit of acid deposition to facilitate comparisons across different emissions
reductions policies, the basic concept involves estimating the probability that the bene-
fits of a 20 percent reduction in emissions exceed its costs (i.e., the probability that
benefits are greater than or equal to S1 billion) and the probability that the benefits of a
40 percent reduction in emissions exceeds 93 billion. Estimating the probability that
benefits of a given control strategy are greater than or equal to a given cost of control is
a much simpler task than estimating the marginal damage curve {as economists conven-
tionaily prescribe), or even estimating the probability that benefits equal a given number,
i.e., obtaining a point estimate. The assessment problem may also be construed as being
analagous to purchasing insurance against unwanted and uncertain future damages. In
this case, different acid deposition control strategies can be viewed as purchasing

insurance in order to prevent the occurrence of environmental damages. The decision
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maker would be asked to determine the extent of the premium which he would be wi'. - _
to purchase in order to avoid different acid deposition-caused effects and their
associated probabilities.

The framework presented -above greatly reduces the .information requirements of the
assessment. The dimensioning of the uncertainty may be somewhat vague and imprecise,
as the jevel of resolution is simply that necessary to select between distinctly different
policy options. It recognizes that imprecise or uncertain effects estimates will not be
sufficient to differentiate between slightly differing policy alternatives. One result of
this type of assessment is to eliminate clearly inappropriate policy options while specify-
ing a set of "satisfactory" alternatives.

Even if the types of uncertainty bounds placed on effects estimates are not incorporated
within a policy assessment procedure of this type, they will still be valuable in accurately
portraying current scientific information to policy makers. For example, the procedure
employed in this project integrates many scientific complexities in a format which
presents regional damages to fish populations resulting from fresh water acidification. A
principal benefit of this approach is the clear display of scientific information not
previously available to the decision maker. The results of this project are meant to pro-
vide broadly defined and integrated perspectives to non-scientists dependent upon
scientific information for the performance of their responsibilities in policy assessment.
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3.0 DEVELOPMENT AND STRUCTURE OF THE DAMAGE FUNCTICH
ESTIMATION PROCEDURE

This chapter outlines afd discusses the design of a process for presenting scientific infor-
mation on fresh water acidification in a manner useful for policy assessment. To be
useful in policy evaluation, the scientific estimates should be regional in scope and the
uncertainty in the estimates should be dimensioned. The elicitation process developed in
this project meets these two criteria. The development of the elicitation is an important
part of this approach. If the elicitation were not carefully designed, it could mis-
represent current scientific information. In order for scientific and policy researchers to
have confidence in the results of the elicitation, this chapter details the logic used in the
design of the elicitation. The discussion is divided into four segments reflecting the
temporal and logical development of that process. Section 3.1 specifies the purpose of
the estimates and the scope of their application. The remaining sections outline the
work performed in order to accomplish these objectives. Section 3.2 reviews the
development of the initial elicitation framework. This initial elicitation structure served
as the starting point for developing a structure that would be credible to the scientific
community and still meet the needs of policy assessment. Section 3.3 shows how this
initial structure evolved as a result of presentations and pre-tests of the procedure. Sec-

tion 3.4 presents the final form of the elicitation structure.

3.1 SCOPE AND PURPOSE OF THE ESTIMATES

As noted in Chapter 1, the purpose of this project was to assess a particular approach for
evaluating regional damages to aquatic biota caused by acid deposition.* Chapter 2
presented the background and justification for this approach in policy assessment. This
section addresses the use of this approach for quantifying the uncertainty in estimates of
regional damages to aquatic ecosystems. Broadly speaking, the purpose of the process
was to determine the response of selected aquatic populations, i.e., fish and more

* Because functional relationships between atmospheric acid loading and lake acidifica-
tion have not yet been adequately quantified in North American waters, the goal of the
project was to obtain predictions of the biotic consequences of regional changes in levels
of fresh water acidification.
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specifically, gamefish to increased hydrogen-ion concentrations in fresh water eco-
systems. The project could have, however, focused upon other aquatic populations (such
as macroinvertebrates), or on chemical and biplogic processes (such as oligotrophication),

or lastly, upon changes in the structure of aquatic communities.*

The number of fish species that could be anajyzed was limited. Game fish species were
the focus of this application due to their more obvious social and economic value to
society.** Although some non-game specieﬁs are known to be quite sensitive to the
effects of acidification, it is difficult to estiniate economic damages resulting from their
decline or extinction. It is important, hov«'rever, to realize that assessments of the
impacts of acid deposition should not be limited to only those effects that can be easily

quantified in economic terms.***

The aim of this project was to estimate the relationship between changes in fresh water
pH and loss of fish populations on a regional basis. The independent variable is the cur-
rent pH of ponded waters, not the precipitation pH. The broader question of how acid
deposition affects fish requires the development of additional information showing the
linkage between deposition and changes in lake water chemistry. The latter relationship
could be provided if two additional pieces of information were available: (1) the ionic
constituents of dry and wet deposition; and (2) the fate of those atmospheric ions
described in terms of their interaction with the edaphic environment and subsequent

* While the biologic effects of acidification caused by acid deposition have been widely
observed and reported at virtually all trophic levels in Scandinavia, Canada, and the
United States, the effects upon fish have been the most carefully investigated and
documented in the literature. In addition, the decline of fish populations in both
Scandinavia and North America has been a focal point of public and political concern.

** Damage estimates were, however, performed on three non-game species during the
project. In two cases, because the scientist believed he knew substantially more about a
particular non-game species than candidate game species. In the other, a non-game
species was considered because of its status as an "indicator” of a system's response to
acidification. For additional detail, see Sections 3.2 and 3.3.

*** Additional work is being undertaken to investigate the best way to incorporate
ecosystems effects that cannot be easily quantified in economic terms. A description of
the effects should allow decision makers to incorporate the non-economic effects within
the assessment. The authors of this report do not advocate an assessment based only on

effects that can be economically quantified.




transport to the aquatic ecosystem.* Such an analysis would have the general structure
outlined below. - )

Step.1 - Estimate the probability that changes in emissions of precursors will result in
changes in acidic deposition.

Step 2 - Estimate the probability that changes in deposition will cause changes in
aquatic chemistry,

Step 3 - Estimate the probability that changes in given water quality parameters will
cause effects in given fish popuiations.

While the performance of the analysis outlined above would provide policy-makers with

considerably more information than provided by the performance of Step 3 alone, the

present analysis was considered appropriate given the scope and objective of this project.

There are a number of regions in the United States which contain fish popuiations inhab-
iting dilute lakes and streams exposed to acid deposition inputs (Haines, 1981; Pfeiffer
and Festa, 1980; Schofield, 1976, 1982; Baker, 1982; Arnold, 1980). These regions possess
generally low acid neutralizing capacity and have drainage systems situated in areas of
crystalline or metamorphic bedrock with shallow soils of low buffering capacity
(Omernik, 1982).** While numerous areas in the United States possess poorly buffered
surface waters, inventories of water quality and fish population status are incomplete for
all of these areas. The most extensive available inventory data and the only published
literature relating fish population decline to pH within the United States covers the
Adirondack Region of New York State. Consequently, this region was selected to
evaluate the use of this probabilistic approach as a too! for evaluating the regiona!l
effects or impacts of acid deposition. The Adirondack Region is also useful in thata

* Atmospheric precipitation is water in equilibrium with atmospheric gases which con-
tains dissolved and suspended matter taken up by the water droplets during passage
through the atmosphere. As the water contacts the soils and bedrock of a region, it
interacts with the mineral constituents physically and chemically, leaching out the more
soluble fractions. This water flows into rivers and lakes, creating changes in the
concentrations of the ions in the surface water. These changes cause biotic responses
being examined in this report.

** Acid neutralizing capacity (ANC) is the equivalent sum of all bases which can be
titrated with a strong acid. The base neutralizing capacity (BNC), is the sum of all acids
which can be titrated with a strong base. Total ANC and BNC can be considered as the
composite of individual acid/base systems (Driscoll and Bisogni, 1982; Henriksen, 1981).




number of previous damage assessments have been prepareu . Jielifer and
Festa, 1980; Menz and Mullen, 1982). Compar}son of the cur. .- l:ilrment with the
conclusions and procedures of its predecessors should allow for a niure complete review

of the current technique.

A large data set covering the Adirondack Regid;m is maintained by the New York State
Bureau of Fisheries. The {fish listing developed by the state contains information on
approximately 3,500 waters with over 35,000 records. However, the Department of
Environmental Conservation {DEC) has currentildata for only 937 of the approximately
3,500 surface waters contained within the file. Information contained within the file is
derived from three main sources: a survey of water quality and fish populations in
Adirondack surface waters conducted from the '1920s to the present; a survey of 214 of
the 219 Adirondack lakes above 610 meters conducted in 1975 (Schofield, 1976); and the
results of a sampling program established in 1975 by the DEC to determine the "scope of
water quality impacts associated with acid ion deposition” (Pfeiffer and Festa, 1980).
Since 1975, the DEC has sampled 937 Adirondack ponds and lakes, or 34 percent of the
total number of lakes and ponds within the Adirondack Ecological Zone.* More compre-
hensive water chemistry investigations have been conducted upon single Adirondack
lakes, or in some cases, small watersheds. The Integrated Lake-Watershed Acidification
Study (ILWAS) studied lake acidification processes for three lake watersheds in the
Adirondack Park Region of New York (Chen, 1980). In addition, detailed chemical
analyses have been conducted by Dr. Charles Driscoll and co-workers for a small number
of lakes (Driscoll, 1980; 1982a; 1982b). The DEC has closely monitored six lakes in
Hamilton and Herkimer counties since 1978 (Pfeiffer and Festa, 1980). While stream
water chemistry has not received the same emphasis as ponded water chemistry, recent
studies conducted by the New York DEC (Colquhoun, 1981, 1982) have indicated that
Adirondack streams are affected by pH and alkalinity depressions.

Data on fish populations within the Adirondacks are generally fimited to presence-
absence data contained within the DEC f{ish listing. Standing crop data was, however,
collected for three brook trout ponds using interview techniques by DEC staff in 1973,
The DEC interviewed fishermen to estimate angling pressure per acre for each lake and
the number of fish caught. From this, the DEC estimated the standing crop of these

* Thirty-five additional Adirondack lakes and ponds were surveyed and test netted by the
DEC in 1982.
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three brook trout ponds, e2xpressed as yield per acre in 1972 as: Black, 1.18 pounds/acre;
Shaver, 1.8]1 pounds/acre; and Whey 0.28 pounds/acre. However, considering that there
are some 2,759 lakes in the Adirondack Ecological Zone (3506 in the broader DEC fish
listing), such limited standing crop information is scarcely useful for the prediction of
fish populations in the region, or for the estimation of the effects of acidification upon
those fish communities.*

Areas other than the Adirondacks have also been surveyed for data on water chemistry
and fish populations, yet the majority of the data remains unpublished, unreleased, or
incompletely analyzed by the investigators. When these data become available, a
regional assessment similar to the one performed in this report could be conducted.
Investigators at the Brookhaven National Laboratory are currently conducting an assess-
ment of acidic precipitation effects on surface and groundwaters for the entire United
States. The major objectives of the research are: (I) quantification of the sensitivity of
freshwaters within the United States to acidification; (2) determination of the extent to
which they have been impacted; and (3) investigation of the impact of acidification on
groundwaters using current and historical data. The researchers are collating existing
data on water quality from STORET and 157 other sources. Data are entered into the
Acidification Chemistry Information Database (ACID). By September 1982, the ACID
database contained approximately 1.7x106 data values obtained on 5.7x10° dates from
45.15x10% water quality stations in the eastern United States. Data are restricted to
stations which report that 60 percent of their alkalinity measurements are equal to or
less than 500 ueq/l, or those with pH measurements of 7.5 or less (Hendrey, 1983). In
addition to BNL's work, surveys have recently been conducted by the Fish and Wildlife
Service in New England (Haines, 1982, unpublished) and in the Mid-Atlantic states
{(Amold, 1980). The U.S. EPA Environmental Research Lab in Duluth has characterized
water chemistry in northem Minnesota, Wisconsin, and Michigan and is using what cur-
rent information exists on fish populations and a number of other parameters to evaluate

the characteristics and resource value of each of a number of different watershed lake

types.

*In 1980, Pfeifer estimated that there were approximately 2,877 individual lakes and
ponds within the Adirondack Ecological Zone. This number was revised in the 1981
Acidity Status Summary.
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Major scientific uncertainties concerning the effects of hydrogen ion concentration upon
fish populations might usefully be divided in#o two domains. First, as noted above, there
is currently very little comprehensive invehtory data covering water quality and fish
population status. Second, there is substa;ntial uncertainty regarding fish population
responses to lake and stream water acidification.*

3.2 DEVELOPMENT OF THE PROCESS

The process can be divided into four segments: (1) the development of the initia{ elicita-
tion structure; (2) the pretest and evaluation of the initial structure, followed by revi-
sions to the elicitation; (3) the implementation of the final elicitation structure; and (4)
the analysis of the results. This section reviews the development of the elicitation
framework. The initial step in developing the elicitation was to review the available
scientific research literature covering the effects of pH depression upon aquatic
organisms; this is discussed in Section 3.2.1. The initial elicitation structure, discussed in
Section 3.2.2, was quite detailed in order to reflect the complexity of the direct and
indirect effects of pH shifts upon fish populations. Discussions with cooperating scien-
tists allowed important simplifications in the elicitation format to be made. Section 3.3
summarizes this ‘procedural development, while emphasizing key issues relevant to the
assessment of fish population change as a function of change in pH. The final elicitation
structure is discussed in Section 3.4,

In order to develop and implement the analysis, the investigators used a highly interac-
tive approach. Section 3.2, and to a lesser extent, Section 3.3 attempt to convey the

evolution and development of the analysis over time.

* Damage estimates relating pH values to fish population declines are extremely uncer-
tain. Lake morphometry, primary production, plus calcium and dissolved organic carbon
concentrations, to list but a few factors, appear to all have profound influences upon the
toxicity of a given lake or pond pH value to a fish population, and as these and other
parameters vary widely, plotting regional fish population response to pH values is very
problematic. In addition, recent work by Driscoll and co-workers has shown significant
temporal and spatial variability of pH values and other water chemistry parameters with-
in a small Adirondack lake (unpublished data). Given this degree of chemical variability
and, for example, apparent brook trout avoidance of low pH waters in favor of waters
with a higher pH, lakes with measured critical or lethal pH values could possibly sustain
fish populations. .

3.6




3.2.1 Literature Review

The first step in developing the elicitation was the compilation of an extensive file
covering the effects of low pH on aquatic organisms at different trophic levels. This
review of the broader aquatic effects literature had several purposes: (1) achieving an
appreciation of the primary scientific hypotheses concerning the effects of depressed pH
upon organisms in dilute acidified waters; (2) listing the critical scientific uncertainties
both from the perspective of hypothesis confirmation and policy assessment; and (3),
developing a working vocabulary, to enable the authors to participate in discussions with
members of the scientific community. The accomplishment of (3) enabled the interdis-
ciplinary translation of one analytic idiom, aquatic ecology and biology, into that of
another, policy assessment. Such interdisciplinary understanding was found to be helpful
in the development of the elicitation Jogic and in the specification of its variables.

More specifically, the objectives of the literature review were to:

i. Identify the effects of pH depression and associated metal toxicity upon
aquatic organisms.

2, Identify the mechanisms by which pH depression and metal toxicity are
thought to affect aquatic organisms.

3. Identify the majority of aquatic organisms and all fish species on which
"acid deposition” research has been conducted.

4.  Identify the critical uncertainties of the effects of pH depression and
metal toxicity upon individual species and aquatic communities.

5. Determine if fish populations could be expected to decline as a result of
some greater sensitivity of essential or preferred prey organisms to
declining pH values; i.e., determine if indirect effects are important for
the calculation of fish population mortality.

A cross-referenced indexing system was utilized for the literature reviewed. Each paper
was categorized by species, subject, and metal where appropriate (See Table 3-1). Based
upon the literature review, a list was compiled of a number of important fish for which




Table 3-1
Subjects By Which the Aquatic Literature Was Classified

Algae Physiological Damage
Bioassay Phytoplankton

Community pH Stress - Acidification
Development Reproduction
Invertebrates Resistance

Lentic Respiration

Lotic Survival
Macrophytes Zooplankton

Metal Toxicity
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data existed upon the effects of acidic conditions and associated .. . . .y {Table 3-
2). Each fish species was characterized as being either a lentic, iotic ¢ lentic-lotic
inhabitant. Within each category, further subdivisions were based upon the predominant
feeding habits of adults. Three food habit categories were recognized: (1) planktivores;
(2) insectivores; and (3) piscivores. Although simplistic, this approach was useful in sort-
ing and evaluating the literature concerning possibfe food chain and trophic community
affects upon fish populations.

Five life stages were recognized for each species: (1) egg; (2) sac-fry; (3) fry; (4) juve-
nile; and (5) adult. This division allowed the investigators to record the effects of low pH
and toxic metal concentrations upon different reproductive life stages of the fish
species in question. Both field observations and laboratory experiments have suggested
to researchers that the reproductive life stages are particularly sensitive to low pH.
Furthermore, tolerance to low pH and elevated toxic metal concentrations varies signifi-
cantly among the early reproductive or development stages of different species (Baker,
1981; 1982).

Information derived from the literature was recorded as it pertained to the different life
stages of the species in question. Specifically, data were sought on chronic and acute
lethal levels of pH for each life stage, metal toxicity levels, and physiological and popu-
Iation responses to each (see Table 3-3 for an example).

3.2.2 The Initial Elicitation Structure

The collection of the extensive set of data outlined in Section 3.2.1 was motivated by the
complexity of the biological effects and the specific elicitation procedure developed.
The framework of the initial elicitation structure resulted princfpally from interplay
between the investigator's interpretation of the scientific literature and the form of

analysis imposed by subjective assessment.

The structure of the elicitation was designed to incorporate a number of scientific com-
plexities resulting in a subjective damage function expressing fish population decline.
The decline was initially expressed as a percentage reduction in the fish population of a
given stream or lake habitat. Mortality was expressed as a function of the independent




Table 3-2

Fish Species for Which Literature Contains
Information on Effects of Acid

ss and/or Metal Toxicityl

Salmo clarki

Salmo gairdneri

Salmo salar
Salmo trutta
Salvelinus fontinalis

Carassius auratus

Cyprinus carpio
Phoxinus phoxinus

Pimephales promelas

Catostomus commersoni

Esox lucius

Ictalurus nebulosus

Ictalurus punctatus

Cyprinodon nevadensis

Lebistes reticulatus
Lepomis macrochirus

Perca fluviatilus

Rutilus rutilus

Brachydanio rerio

Jordanella floridae

Cutthroat trout
Rainbow trout
Atlantic salmon
Brown Trout
Brook trout
Goldfish
Common carp
Minnow
Fathead minnow .
White sucker
Northemn pike
Brown ballhead
Channel catfish
Desert pupfish
Common guppy
Bluegill

Perch

~ Roach

Zebra fish
Flag fish

1 Species with only anecdotal information available were not included.
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Table 3-3
Example of Data Compilation

Salvelinus fontinalis (Brook Trout)
lentic-lotic, insectivore.

EGG
pH STRESS METAL TOXICITY
(74)! 24.6% mortality at pH 4.65 (54) Cd: no affect 0.06-6.4yg/!
(94) pH 4.5 mortality threshold (69) Cu: 17.5 g/l no effect
(153) pH less than 6.5 caused
significant decrease in egg
hatchability and growth,
pH 4.45 100% mortality ’
SAC-FRY
(78)! Acclimation to sub-lethally (69) 17.4-32.4 g/l greatly affected
low pH increases survival growth and survival.
of fry in low pH, poor sur- (54) Cd: No effect 0.06-6.4ug/l.
vival in pH 4.00-4.65,
(94) Survival of fry at pH 4.5.
(153) Alevin mortality 100% at
pH 5.00 in 3 month study.
FRY
(82) Damage occurs at pH 5.2 (54) Cd: no effect on survival 0.06-6.4 1g/1
and lower but discussed growth

(69) Cu: same as sac-fry

1 Access number for literature file.
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Table 3-3
Example of Data Compilation
(Continued)

Salvelinus fontinalis (Brook Trout)

lentic-lotic, insectivore.

pH STRESS METAL TOXICITY
JUVENILE
(77) O, transport capacity of (54) Cd: no effect 0.06-6.4g/1
blood decreases at low pH; but reduced growth -

caused by Na loss because Na
balance requires energy,
therefore Na efflux at low pH

(87) low pH causes 0, uptake to (69) Cu: 17.4-32.5ug/1 severely
be inhibited, thus net Na loss affected growth and survival

(153) 100% mortality at pH 4.45,
mortality 25% at pH 6.56

or lower
ADULT
(153)! Survive at pH 4.5, recom- (69) Cu: 17.4-3.4pug/l no effect
mended pH maintained at 6.5 (54) Cd: 3.4 mg/l strongly affected
or greater. spawning males. 6.4,g/l killed.

(168) Decreased survival at pH 4.2
over time. More tolerant to
low pH in winter than summer, 0,
demand less in winter.

1 Access number for literature file.




variable, pH.* The initial structure proceeded from simple to more complex scenarios
(see Figure 3-1). Initially, the participating scientist would estimate damage based upon
a simple laboratory experiment. Because considerable research on the effects of pH
depression on fish has been performed in bioassay experiments, and because these
experiments allow for the variation of one variable while holding others strictly constant,
the process of estimating dose-response (pH-mortality) relationships was simplified
{Wood, C.M. and D.G. McDonald, 1981; Spry et al., 1981). From this simple scenario, the
scientist would participate in successive elicitations, with each new elicitation adding
more complexity. The last step in this process is an elicitation designed to estimate the
effects of pH decline on selected fish populations in natural habitats.

The gradient of complexity in the initial elicitation structure evolved from a previous
study conducted by ERC. In that work, scientists appeared to have greater success in
providing damage estimates for carefully specified situations in which one variable of an
experimental situation was changed, while the remainder were left constant. When faced
with more uncertain estimates of damages to receptors, e.g., a natural habitat or region,
participants expressed the belief that they knew too little to be able to provide any
damage estimate. Elicitation Steps 1, 2, and 3 in Figure 3-1 were included to serve as
preparatory steps so that participants would be able to complete Step 4 of the initial

elicitation structure.**

In order to apply the initial elicitation framework, the fisheries habitat of the Adiron-
dacks was divided into three parts: the lentic, the lotic, and the lentic-lotic. For each
of these habitats, three different trophic-niches were stipulated, to be filled by those
fish which could be considered either piscivores, insectivores, or planktivores. For each
trophic-niche, at least one species of fish was to be the subject of an elicitation. There-
fore, a minimum of three species of fish - each representative of a different ecological

* Adverse effects of acidification on fish may be a function of both pH levels and
elevated metal concentrations in surface waters. In the Adirondack mountain region,
aluminum, manganese, and zinc have exhibited increased concentrations at depressed pH
levels (Schofield, 1976). Aluminum has received the most attention as being potentially
toxic to fish populations, and research indicates that damage estimates based only on pH
levels may be in error (Baker 1982).

** Reluctance to express subjective judgements about uncertain environmental effects is
probably due to a number of factors, including: (1) unfamiliarity with the concept and its
application; (2) a belief that subjective judgements are not scientific and (3) the improper
specification of the variables in the relation being estimated.
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Figure 3-1
Overview of the nitial Elicitation Structure

First Step Elicgtation

Estimates of mortality for different reproductive life stages
of a fish species in a controlled flow-through apparatus.

Second Step Elicitation

Estimates of mortality for a species "population" comprised
of different reproductive life stages in a
controlled flow-through apparatus.

Third Step Elicitation

Estimates of mortality for a single species population
in three "representative” [entic-lotic habitats.

Fourth Step Eli¢itation

Estimates of mortality for a single species population,
incorporating interspecific interaction and possible changes
in trophic relationships occurring in three
"representative” natural habitats.
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Figure 3-2
Egg Moctality of Brook Trout Reported in the Literature*,** :

Lentic-Lotic
]

Insectivore
)

Egg

1

Salvelinas fontinalis (Brook Trout)

Metal Toxicity O, Consumption

pH stress: (74) 24.6% mor tality (69) Cu: 17.5 eg/l no
at pH 9.65; (94) pH 4.5 mortality effect eggs; (54) Cd:
threshold; (153) pH 6.5 signif. no affect .06-6.4 eg/l
egg hatchability and growth; pH (183) Al:

4.45 100% mortal.

100 .
|
Mortality PY
eges
50 @
®
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@
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®
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* Numbers in parenthesis refer to data file listings.

** Graph represents % mortality of eggs as a function of pH. Points are taken from the
literature.
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niche - were to be investigated for each habitat type. Because a number of game fish
would occupy similar positions within this frarhework, for example, brook trout and rain-
bow trout, the actual number of elicitations wPuld have been greater than three. Inquiry
into non-game species was considered approptiate in order to better represent possible
interspecific effects and food chain disruptionsl.*

The investigators did not completely specify the fish species to be considered in the
analysis. It was decided that the final detern!‘lination of the fish species to be analyzed
should be a product of the interview process between the investigators and the partici-
pating scientist. Because fisheries scientists!or ecologists are generally more familiar
with certain fish species, it was assumed that results of the elicitation would be more
reliable if participating scientists were able to specify those particular fish species for
which they had the greatest confidence in their predictions. As a consequence of this
indeterminancy, the data obtained from the literature review was organized in parallel to
the logic of the elicitation procedure whenever it was available (see Figure 3-2). Every
reproductive stage of the fish species under consideration was evaluated in terms of
percent survival relative to a set of water quality parameters. 4 |

The literature review revealed that certain metals are present in increased concentra-
tions in acidic waters, namely zinc, manganese, and aluminum (Schofield, 1976). Pre-
sumably these elevated concentrations are a result of the increased solubility of these
metals at lower pH values. Of these metals, only aluminum has been found to be toxic to
fish at concentrations currently measured in acidified waters (Baker 1981; Baker and
Schofield 1982; Muniz and Leivestad, 1980). On the other hand, calcium has been shown
to decrease the membrane permeability of fish undergoing acid stress, and consequently
decrease the rate of sodium loss. A number of investigators have observed correlations
between decreased calcium content and fish mortality as well as correlation between
increased calcium concentration and fish survival (Spry, 1981). As a result, it was felt
necessary to specify the concentrations of aluminum and calcium in the water for each
pH level. The relationships between aluminum, calcium and pH were taken from regres-
sions computed by Schofield (1976} of Cornell University. These relationships were based
upon water chemistry samples taken from 214 lakes above 610 meters in elevation (see
Figures 3-3 and 3-4).

*Indirect effects and interspecific relations were explicitly structured into the logic of
the analysis in the fourth, and last step of the process (Figure 3-1).
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Figure 3-3
Relationship between aluminum concentrations and pH in Adirondack
lakes more than 610 meters elevation, June 24-27, 1975
(log Y = 3.99-0.34X, r = -0.675)




Figure |3-#
The relationship between pH and pCa for Adirondack lakes
more than 610 meters elevation (Y = 22.23-3.91X, r = 0.826)
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The second elicitation in the initial framework consisted in the aggregation of life stage
effects (see Figure 3-1). A single species population consisting of all reproductive life
stages was, by hypothesis, contained within a single flow through vessel. Assuming
values for the elapsed maturation time of each reproductive stage then enabled esti-
mates of class survivorship ‘at different pH levels. This Procéess was to be iterated
through a complete reproductive cycle for each fish population. The time allotted for
maturation of each reproductive stage is shown in Table 3-4.

The second step was designed to capture the effects of declining pH values and associ-
ated metal toxicities on the population structure of a given fish species. As previously
noted, one of the primary mechanisms proposed to explain the loss of fish populations is
the recruitment failure of a new year class. Field observations have been reported which
indicate that acid stressed fish populations often have missing year classes. Step 2 would
enable estimates of population structure given a range of pH values. Step |, while con-
sidered analytically necessary for the performance of this judgement is obviously not
sufficient. If Step | were - in the opinion of the participating scientist - superfluous, he
could then directly perform the elicitation at Step 2. '

The third elicitation was designed tc obtain estimates of population reduction in three
lakes, and considered only direct effects on a single species. The lakes initially con-
sidered were Woods, Panther, and Sagamore. Each of these lakes is located within the
Adirondack Park Region of New York State and receives similar acidic inputs. Of the
three lakes, Woods is considered acidic (typical outlet pH between 4 and 5), Panther is
considered neutral (typical outlet pH near 7), and Sagamore possesses an outlet pH which
usually varies between that of Woods and Panther. The Woods, Sagamore and Panther
Lake Watersheds have been exhaustively characterized as the result of the Integrated
Lake-Watershed Acidification Study funded by the Electric Power Research Institute.
The characterization utilized for the initial elicitation was based upon information
published by Chen et al. (1981).

Three lakes characterized by Dr. Charles Driscoll (1980) were also considered. These
were Big Moose Lake, North Lake and Little Moose Lake. Big Moose Lake and North
Lake are both acidic lakes with pH levels below 5, while Little Moose Lake is character-
ized as being neutral with pH values above 7. Dr. Joan Baker has also conducted recent
field studies examining fish populations at Big Moose, North, and Little Moose Lakes
(Baker, 1981). The conjunction of the chemica!l and biological surveys suggested that
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Table 3-4
Maturation and Exposure Times Allotted for
Different Reproductive Stages in the Initial Elicitation

Eggs 2 Weeks

Sac Fry 3-4 Weeks
Fry 8-10 Weeks
Juvenile 56-60 Weeks
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these lakes might provide better examn.!.. .or the aquatic scientists during the elicita-
tion process. No final decision was ma:ie at this stage of the project, as the selection of
“representative" lakes was felt to require the assistance of the scientists selected to
conduct the pretest and evaluation of the elicitation framework.

This third elicitation included considerations of natural habitat sensitivity. The uncer-
tainty in estimates of the relationship between fish mortality and pH included, influences
of lake morphometry, such as uneven mixing, temperature stratification, different inlet,
groundwater upwelling, and outlet chemistries, pulse events, and lake turnover time.

The step 4 elicitation was designed to elicit fish population decline within each of the
three lakes incorporating both direct and indirect effects; e.g., interspecific competition,
replacement, and changes in the structure of the food chain.

The careful specification of watershed geology, soil type, and lake morphometry in Steps
3 and 4 was considered necessary in order to: (1) present standard sets of data to the
scientists participating within the elicitation; (2) partially reflect the range or i/ariébility
of chemical, biological, and geological parameters of Adirondack watersheds; (3) provide
some basis for a regional extrapolation of damages to fish populations; and (4) determine
the significance of the variability between "bioassy results” and "lake estimations” for
the assessment of regional effects. Because a number of the scientists were more
familiar with Adirondack water chemistry and fish populations than the remainder of the
participants, a careful specification of the particular lakes under consideration was
required. Identical data sets were required for the elicitation in order to prevent pos-
sible errors or bias in the aggregation of the cumulative damage functions prior to the
computation of regional effects. The lakes were to be selected so that they would be
considered representative of a class of Adirondack lakes sharing similar water quality
parameters. The investigators originally intended to extrapolaie from these three
"representative” lakes to obtain estimates of the effects of changing pH records on fish
populations for the Adirondack Mountain Region. However, this initial elicitation struc-
ture was revised extensively prior to its application. The final elicitation structure made
this extrapolation unnecessary.

3-21




3.3 EVOLUTION OF THE ELICITATION STRUCTURE

The initial four step elicitation structure presented in the preceding section served as the
starting point for developing a structure whiclin would be credible to the scientific com-
munity and still allow for the estimation of!regional effects. The initial elicitation
structure is complex relative to the final elicitation structure. The principal reason for
the complexity of the initial structure was the investigators' desire for the assessment to
directly capture as many differences in fish population response to different water
chemistry variables as possible. After scientific review, it became apparent that while
the initial structure, or something like it, would more explicitly address mechanisms of
fish mortality than would a more simplified approach, that the current inventory data
and time available for the performance of the project would not warrant the application
of these more complex formulations. In addition, the detailed specification of the varia-
bles in the initial elicitation made subjective estimates of the effects very difficult to
perform with any degree of confidence. Selecting the appropriate degree of resolution
for the framework proved, in itseif, a difficult interdisciplinary problem. This is sig-
nificant for two reasons. First, it suggests that the selection of the variables for
"regional" assessments of acid deposition effects should be a function of two considera-
tions: the current state of scientific kinowledge and the precision of other
complimentary analyses. Second, it suggests the continued importance of scientific con-
tributions to the development and application of assessment "modeis".

The initial elicitation was developed by the project investigators with only minimal dis-
cussion with outside scientists. The next steps consisted in: the presentation of the ini-
tial structure for comments; a pretest of the elicitation in order to identify problems;
and revisions prior to its actual implementatign. Comments were solicited from three
audiences — researchers studying the effects of depressed pH on fish populations, aquatic
chemists familiar with the Adirondack region,' and decision theory researchers familiar
with techniques for eliciting expert judgements.

Before conducting an elicitation, a number of guestions needed to be addressed. First,
did the structure of the elicitation reasonably represent the estimation problem?
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Secend, wer: <he independent and dependent variables selected for the elicitation
appropriate?* Third, could scientists reasonably take into consideration the large
number of factors that influence the response of fish populations to low pH and acidifi-
cation? Lastly, what information could be compiled that would help the scientists esti-
mate the range of uncertainty around estimates of the effects of - pH on fish populations?

The first presentation of the initial elicitation structure was to the Duluth EPA Labora-
tory.** The purpose of the meeting was to present the initial elicitation framework to a
scientific audience for a preliminary review. Several recommendations were made for
improving the clarity of the presentation.*** A second presentation of the elicitation
structure was scheduled at Carnegie-Mellon University with a researcher**** familiar
with techniques for eliciting expert judgements. The purpose of this meeting was to
exchange ideas regarding the best method for eliciting the lower and upper bounds for
the effects of pH on fish populations. Potential biases in the manner in which individuals
estimate subjective parameters were considered, as were biases that could result from
the way in which questions were asked or from the presentation of information during the
elicitation. V '

* An important issue which needed to be considered during this pretest period was
whether the selected dependent and independent variables were appropriate. In the
initial elicitation framework the independent, or causal, variables were a given summer,
surface pH measurement, assumed to be taken in the epilimnion, and related
concentrations of total aluminum and calcium for typical Adirondack waters. The
dependent variable was to be a percent reduction in a species fish population. Scientists
were to consider differences in characteristics of Adirondack lakes in estimating the
range of possible effects for a given pH, including size of the lake, possible existence of
refuges within the lake; genetic variability in the susceptability of fish to pH depressions,
and the likelihood that a lake with a given summer surface pH record would experience
severe spring pH depressions.

#** Dr. Orie Loucks, Dr. Gary Glass, and Dr. George Rapp of the EPA Duluth Laboratory
were generous with their time and made many helpful suggestions.

*x% The Duluth scientists questioned the general scope of the approach and how the
scientific participants were selected. In order to address these and similar questions, the
project investigators prepared a memorandum for distribution to the selected elicitation
participants outlining the following points: the need for the extension of scientific
results to broader regions; the nature of the uncertainty implicit in such an extension;
and the mechanism proposed by ERC to dimension this uncertainty. It was decided to
include a summary volume of a previous report which suggested application of this
technique in order to dimension the uncertainty surrounding effects estimates, and a
progress report outlining work performed on the project.

**¥+% Dr. Max Henrion of Carnegie-Mellon University was particularly helpful,
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The next set of meetings were with effects scienitists for preliminary tests of the struc-
ture of the elicitation.* As a result of these dis{tussions, substantial changes were made
in the elicitation. Many additional uncertainties were identified that affect regional
estimates of the effects of pH on fish populations. While the investigators initially
developed parameters which ‘they felt necessary ito a regional assessment (3.2.2), scien-
tific participants often suggested important qualifications in the approach because of
either: (1) lack of inventory data; or (2) lack of scientific understanding of a mechanism
or effect. Figure 3-5 presents a revised interme;piate elicitation structure. The revised
structure represents a clear simplification of thé investigators' original schema. While
the output of both the initial and the intermediate elicitations remained the same, i.e.,
the percentage reduction of a fish popufation within a small set of exemplary lakes, the
intermediate elicitation structure aggregates thé elicitation of damages to the different
reproductive life stages (eggs, sac fry, and fry) into one elicitation. Damages to both
juveniles and adults were to be estimated in Step 2. Step 3 of the intermediate elicita-
tion structure provided the same output as Step k of the initial elicitation structure (See
Figures 3-1 and 3-5). The elicitation of the damage functions was to be performed over
three different Adirondack lakes, Sagamore, Woods, and Panther. Dr. Baker advised
against the use of Big Moose, Little Moose, and North Lake, which were also being con-
sidered, because they were less likely to be representative of a broad range of Adiron-
dack lakes.**

The prediction of impacts upon fish populations in natural habitats as functions of pH

would thus encompass such considerations as: (1) the temporal and spatial variation in

* The assistance from Dr. Joan Baker of North Carolina State University and Dr. Car!
Schofield of Cornell University is gratefully acknowledged. Dr. Baker worked with the
project investigators for several days, asking helpful questions and offering suggestions
for improvement.

** The sampling sites at Big Moose, Little Moose, and North Lake are all located at mod-
erately high elevations (approximately 550 m). All three lakes are larger than 150 ha.
While both Big Moose and North Lakes are "acid" (pH is less than 5), Little Moose is a
neutral lake (pH is greater than 7). The geologic makeup surrounding all three lakes is
similar, with the area being underlain by siliceous bedrock (Driscoll, 1980).
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Figure 3-5
Intermediate Elicitation Structure!

Elicitation over damages to reproductive life stages (eggs, sac fry, fry)
Elicitation over damages to juveniles and adults

Elicitation over damages occurring in representative habitats.

1One and Two are biocassay flow-through experiments. Three is based on set of
exemplary lakes.
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the lake water chemistry in relation to the occurrence of sensitive fish life history
stages; (2) correlations between occurrence of the particular fish species and water
quality within the Adirondacks; and (3) the results of laboratory bioassays and the deter-
mination of the survival of fish eggs and larvae as functions of pH. As with the initial
elicitation structure, the resuits of Steps 1 and 2 were not considered to be outputs for
the regional assessment, but rather preparatory guides for the performance of the final,
Step 3, elicitation.

In addition to the above changes, the expression of aluminum levels as a function of pH
for use in the elicitation was changed (from that shown in Figure 3-3) to that shown in
Figure 3-6. Figure 3-6 is adapted from Driscoll (1980) and represents the concentration
of inorganic monomeric aluminum as a function of pH. Work by Baker (1980) and Baker
and Schofield (1981) indicates that the species of aluminum present in dilute waters
influences the toxicity of those waters to fish species.

The final portion of the meetings consisted of a pretest of the elicitation interview
process. Initially, it was hoped that the interview and technique would be sufficiently
polished to allow for the performance of the intermediate elicitation. However, because
of a number of difficulties, the interview was not able to be completed.* The principal
obstacle was the data output from Step 3 of the elicitation. The output in the initial
elicitation structure was expressed as the percentage reduction of a given fish population
within a lake. Because the data base maintaii\ed on fish in lakes by the New York DEC
contains only presence-absence data for fish populations within the Adirondacks, the use
of the elicited damage functions expressing change as percentage reductions of the fish
populations within representative lakes was problematic. To make the elicitation of the
damage function expressed in Step 3 of the intermediate elicitation structure approp-
riate, biomass or population statistics would t}eed to be developed for the Adirondack
Region. The Morpho-Edaphic Index was considered as a possible mechanism for the
prediction of fish biomass with the DEC data set. It was decided, however, that while

* The unexpected difficulties that were encountered illustrate the importance of pretest
applications of elicitations. Many important insights were obtained from an actual dry
run of the elicitation which were not apparent during the discussions of the procedure.
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Figure 3-6
Inorganic Monomeric Aluminum as a Function of Sample pH
From Driscoll, 1930
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the MEI is useful as & predicior of fish biomass over a broad range of water chemistries,
the index would not be accurate for the dilute lakes within the Adirondack region. In
addition, even if the MEI could be used successfully to predict biomass, it is unable to
distinguish between the fish species that might or might not be present within the lake.
While this might not be much of a problem for primarily mono-culture fish habitats, for
éxample, brook trout ponds, the difficulties associated with its application to other lake
types and habitats precluded its application. :

During these meetings no decision was made con; erning the treatment of these ques-
tions. However, because they were considered to be potentially very important, a num-
ber of possible elicitation structures were discus that would satisfactorily meet the
criteria of policy—l:elevance (i.e., dimension uncfértaint'y and furnish regional effects
estimates) and scientific credibility, while also ava}iding the problems posed by the use of
representative lakes and the need for the generatio:n of biomass or population data.

3.4 THE FINAL ELICITATION STRUCTURE

The final form of the elicitation structure repreisents a considerable simplification of
both the intermediate and initial elicitation StrucFures. It estimated the percentage of
Adirondack lakes which could possibly, but no lonjer can, sustain populations of a parti-

cular fish species at a given summer pH measurement taken in the epilimnion. Thus, the

dependent variable was changed from a measure of the reduction in fish biomass or popu-
lation to a measure of the reduction in a fish sper:ies habitat. This change responds to
considerations mentioned earlier, and reflects the general absence of inventory data

expressing biomass or number of fish per unit of measurement.

Because a substantial gamefish stocking progfaq;m exists in the Adirondécks, separate
elicitations were felt to be necessary for stocked fand non-stocked gamefish populations.
This adjustment was necessary because of different sensitivities of the reproductive and
adult life stages to pH depressions. Scientists we%e asked to estimate the percentage of
Adirondack lakes which could possibly, but no lméer can sustain both: (1) self-sustaining
populaiions of a particular game fish; and (2) prqiperly stocked populations of juvenile
and adult game fish. For non-game species, for e*ample, white sucker, the sensitivity of
only unstocked populations was evaluated.
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The obvious structural difference between the final elicitation structure and its prede-
cessors consists of the elimination of bioassay estimations of population mortality.
These were eliminated for two reasons. First, time required for the elicitation interview
would be significantly reduced. Second, the elicitation over the different life stages of
the fish species did not, in the opinion of several scientists, significantly contribute to
the third and most important elicitation result.*

An advantage inherent in the final elicitation structure is that the scientists directly
extended the estimation of regional effects over the Adirondack mountain region. The
method proposed in the initial and intermediate elicitation structures required the extr-
apolation of the elicitation results for three "representative” lakes to the entire Adiron-
dack region. While this procedure reduces uncertainty in the estimation of fish damages
for the "representative" lakes, the extrapolation to the Adirondack Region would be done
without the explicit dimensioning of the uncertainty by the scientists.

* The relative uncertainty of response in these hypothetical bioassay experiments was
quite small when compared to the uncertainty of other aspects of the regional estimation
of effects.
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4.0 IMPLEMENTATION AND RESULTS

This chapter reviews the implementation of the final elicitation structure and the result-
ing damage relationships obtained through interviews with participating scientists.
Section 4.1 discusses the work done in preparation for the elicitations including the
selection of the participating scientists. Section 4.2 discusses the actual performance of
elicitation. Section 4.3 summarizes the results of the elicitations.

4.1 PREPARATION FOR THE ELICITATION

4.1.1 Selection of Participating Scientists

The selection of scientists for participation in the elicitation was an important part of
the project. The first step was to compile a list of authors from the peer review litera-
ture and government reports consulted by ERC during the literature review. Weighting
in selection was assigned on the basis of: (1) the number of recent publications; and
(2) the amount of work performed in the Adirondack mountain region. On the basis of
this initial review, a list of scientists was compiled. A number of Canadian scientists
were included within the list of possible participants in order to provide a comparison

between Canadian and American research communities.

The second step consisted in the contacting of possible participants and determining their
willingness to participate in the study. During these initial phone conversations, the
length of the proposed interview (approximately four hours), the research area, and the
information requirements of the project were outlined. On the basis of these discussions,
the number of potential candidates was narrowed down. On the other hand, a number of
additional candidates were proposed by those scientists initially contacted. Table 4.1
contains a list of the scientists who finally participated in the study and the dates of
their interviews with ERC.
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These elicitation interviews were complemented vy discussions with Walter Kretser of
the New York State Bureau of Fisheries and Charles Driscoll of Syracuse University. The
purpose of the discussion with Mr. Kretser was to review the records maintained within
the Adirondack Waters Data Management System. As a result of conversations with Mr.
Kretser, the investigators obtained the complete data file for the 3506 ponded waters
within the Adirondack area. The discussions with Dr. Driscoll addressed; first, the
general review of the project's scope and methodology; and second, a review of the water
chemistry parameters being proposed for use in!the study.

8.1.2 Preparatory Orientation and Review Matg_; rial

Prior to the interview process, all the scientific participants received orientation packets
in the mail. The mailing took place approximately two weeks prior to the elicitation.
The purpose of this mailing was to introduce the approach and the project goals in more
detail to the elicitation participants. The package included three separate documents:

(1) A description of the meeting agenda and a brief explanation of the
rationale behind this type of approach.

(2) A project progress memo which reviewed the status of the work per-
formed on the project and outlined the remainder of work to be accomp-

lished.
(3) A summary of a previous report providing background information on
the approach.* N
4.1.3 Compilation of Background Data for Use|in the Elicitation
A notebook of data was compiled as a reference for the scientists to use during the elici-

tation. This data included a table adapted from Baker and Schofield (1981) listing the
mean concentrations of selected ions for Adirondack lakes and streams sampled during

* "Assessing the Benefits of Policies Designed to Reduce Acid Deposition: A Decision-
Analytic Benefit-Cost Framework," (Violette and Peterson, 1982).
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Table 4.1
Interview Participants

Naine ‘Institution Date
of Interview

Car! Schofield Department of Natural Resources 11/5/82
Cormnell University
Ithaca, New York

Martin Pfeiffer Bureau of Fisheries, DEC 11/8/82
Route 86
Ray Brook, New York

Douglas Spry Department of Biology 11/10/82
Mimaster University
Hamilton, Ontario

Gordon Craig Ministry of Environment 11/12/82
Rexdale, Ontario

Gail Beggs Ministry of Natural Resources 11/15/82
Toronto, Ontario

Jim MacLean Ministry of Natural Resources 11/15/82
Toronto, Ontario

Joan Baker North Carolina State University 11/17/82

Acid Deposition Program




1977-1978 (_ze Taw "~ While this informi tion was of only limited value for the
participants with eiitensi/c understanding and knowledge of Adirondack waters, it pro-
vided a useful indicator oi the constituents likely to be present in dilute Adirondack
waters for the Canadian participants. Relationships between pH and pCa and between

pH and inorganic monomeric aluminum were alsp included.

The relationship between pH and inorganic monpmeric aluminum was also represented in
a table (see Table 4-3). The only other data shown to all participants was the Environ-
mental Protection Agency's Critical Assessment Document Table 4-24 (Baker, 1982
Draft).* The data was provided in order to supplement the scientists' judgment and to
provide a convenient and uniform reference source for all participants. In some cases,
however, participants supplemented this data by consuiting their own sources during the

course of either the pre-elicitation interview orgthe elicitation itself.
4.2 PERFORMANCE OF THE ELICITATION
The meeting with elicitation participants can be divided into four segments:
(1) an introductory briefing and intervigw
(2) discussion of the parameters to be eFtimated and variables considered
(3) the performance of the damage fundtion elicitation
(4) a review and assessment of the elici_itation procedure and its results.
While each of the meetings followed the basicé structure outlined above, there were dif-
ferences between the interviews. These diff%rences are attributable more to the dif-

ferent information requirements of the xienkific participants than any variability of
methodological design or implementation on thé part of the investigators. This section
i

* A number of participants were shown data representing the temporal and spatial
variability of water chemistry within Dart Lake in the Adirondacks (unpublished data
provided by Charles Driscoll). '
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Table 4-2

Mean concentrations (mg/I)(& standard error) of selected ions in softened, dechlorinated

water utilized in all laboratory experiments and in Adirondack lakes and streams sampled
during 1977-1978

lon Adirondack waters
Ca 2.0 e
Mg 0.4 0.1
Na 0.7 20.3
K 0.4 0.1
free F 0.025 20.060
50, 6.2 0.9

Table adapted from Baker and Schofield, 1981.




Table 4-3
Approximate Inorganic Aluminum Concentration for Adirondack Ponded Waters*

(mg/1
pH Al
7.2 neg.**
6.9 neg.
6.6 neg.
6.3 neg.
6.0 02
5.7 04
5.4 .06
3.1 A1
4.8 21
4.7 24
4.5 38
4.4 A4
4.2 6
3.9 neg.** )
3.6 neg.**

Note: At lower elevation, organic complexation could reduce the availability of inor-
ganic aluminum at or beiow pH #4.4. '

* Used as background data for elicitation.

** Negligible levels of inorganic aluminum con¢entrations.
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will address thz three segments of the interview listed above while indicating the range
in variability of the interview format and process.

42.1 Introductory Briefing

The first step in every interview consisted in the review of a briefing package prepared
by ERC staff in order to further acquaint participants with the project, its metho-
dological justification, and data requirements. The principal point made during this seg-
ment of the interview was that any decision to implement an environmental policy must
be based upon a probability assessment of the odds of benefits (monetary or non-
monetary) from the policy exceeding the costs of its implementation. The purpose of the
project was stated to be the construction and implementation of a framework which
would allow scientists to participate in the direct extension of the results of recent
scientific research into damage estimates useful for policy analysis. Secondly, it was
stressed that this was an evaluation of this approach for dimensioning and incorporating

scientific uncertainty in estimates of the regional effects of acid deposition.

Some time was spent explaining what the investigators believed were the principal

advantages to the approach being utilized in the analysis. The advantages expected are:

o First, that scientific information is less likely to be misinterpreted when
the uncertainty is directly and explicitly incorporated intc the analysis;

0 Second, it was stressed that the subjective probability estimates which
express the damage to environmental receptors in this approach are not
point estimates, but express the damages as a range.. For example,
rather than estimating that 20% of the lakes with a given summer pH
value would no longer support a self-sustaining brook trout population,
the approach estimates with a high confidence interval that, say,
between 5% and 60% of the lakes with a given summer pH value would
no longer support a self-sustaining brook trout population;

o Third, it was pointed out that because the scientist would be directly
responsible for the subjective extension of research resuits, that the
extension would better represent scientific opinion concerning the

effects than if it were performed by policy-makers or economists;




o Fourth, because the probability judgements are expressed quantitatively
and are explicitly represented they are amenable to scientific review

and criticism; and

o Finally, the results of the elicitation can be readily and inexpensively
revised in the light of additional research results and conclusions.

At this point, the consensus judgement was: (1) an objective expression {i.e., statistically
based estimate) of regional fish damages c:ﬁused by acid deposition is not currently
possible; and (2) regional estimates are required in order to assess policy alternatives
with respect to the mitigation of acid deposition.

The length of discussion concerning the theoretical and general aspects of the discussion
noted above varied significantly between the interviews. It was the investigators’ inten-
tion to cover as fully as possible, given time qi*onstraints, the queries and responses of the
participants. In one case, for example, the discussion centered - for some time - on the
need to perform any regional quantitative assessments of the damage occurring as a
result of acid deposition and its effects. It was stressed that while there have been a
number of attempts to incorporate scientific information and opinion within a policy
framework in the acid deposition debate, that none of those attempts have been viewed
as wholely satisfactory - either in terms of i’fs explicit treatment of the scientific issues

or in its use of economic and decision analytic theory.*

The final step of the introductory briefing consisted of a very brief review of subjective
probability assessment and its previous applications within environmental policy deci-

sions.

individuals involved with the overall integration and assessment of the information for

* One important benefit of this project wa% the communication between scientists and
policy analysis. The interdisciplinary discussions that resulted were very informative.
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$.22 Varjable Specification

This part of the interview was a review of the independent and dependent variables used
in the analysis. The discussion concerned the scope 'of the elicitation and had several

purposes:

(1) to ensure that the participant understood what the variables repre-
sented;

(2) to outline the data compiled by the project investigators for use by
participants in the elicitation (discussed in Section 4.1.3);

(3) to determine if any important source of variability or uncertainty had

been omitted by the investigators;

(4)  to agree upon the fish species for which estimates would be developed.

As noted in Section 4.3, the elicitation was to determine the percent of Adirondack

Lakes which could possibly, but no longer can, sustain a given fish population at a speci-

fied summer surface pH measurement. The independent variable was pH. However,

recognizing the potential importance of inorganic monomeric aluminum and calcium in
determining fish response to low pH values, regressions relating calcium and and inor-
ganic monomeric aluminum to pH in Adirondack waters were used to incorporate these
factors within the analysis. No other potentially toxic or mitigative metals were expli-
citly considered. No elicitations were performed without incorporating the effects of
monomeric inorganic aluminum and calcium upon the dependent variable.*

* Metals which consistently exhibit increased concentrations as functions of depressed
pH are aluminum, manganese, and zinc. However, neither manganese nor zinc have been
found to be toxic to fish at concentrations found in acidic surface waters. Aluminum,
however, has been found to be toxic to fish at concentrations as low as .1 to .2 mg/l, a
leve! within the range of concentrations measured in surface waters. Free aluminum ion
or aluminum hydroxide forms have been shown to be more toxic than organic aluminum
complexes. The solubility of inorganic aluminum in acidic Adirondack surface waters is
apparently regulated by some form of aluminum trihydroxide solid (Driscoll, 1980; Baker,
1981).




The estimation of the percentage of Adirondadfk Lakes which would be iircapable of sup-
porting fish populations at a given summer pHivalue is an, admittedly, complex and dif-
ficult task. Fish mortality - even at the same pH - can be expected tc vary depending
upon a number of factors described by the morphometric and biogeologic characteristics
of the lakes. Bog, seepage, and eutrophic lakes can all be expected to have different
capabilities to support a fish population given the same pH measurement. In addition,
the presence or absence of ground water upwellings, episodic or pulse pH depressions,
uneven water mixing (the temporal and spatial variability of chemical species within the
lake), acid neutralizing or acidifying inlets, and the biologic production of alkalinity are
reported to be related to fish mortality within the literature. Genetic variability as well
as the possibility of avoidance behavior and acclimatization by fish populations to
depressed pH levels introduce additional unceﬂtainities. During the specification of the
elicitation variables, the investigator attemptéd to determine whether or not the scien-
tist believed that these and other potentially important factors could be successfully

incorporated within the analysis.

The species of fish to be considered in the elicitation were determined by the scientists.
Not surprisingly, different scientists were most familiar with the response of different
species of fish to variations in pH. Participants were encouraged by ERC to estimate
damages to important game fish species within the Adirondack region of New York State;
however, little benefit was seen in having a scientist participate in an elicitation for a
fish species with which he had little familiarity. Three participants elected to perform
elicitations over damages to non-game species. In one case, in order to perform an elici-
tation for a particularly sensitive species; in the other two, the participants felt better
able to perform the elicitation over non-game|species because of their greater familiar-
ity with the non-game rather than game species. The fish species for which elicitations
were performed are shown in Table 4.4. Elicitations over damages to stocked populations
of brook trout and lake trout were also performed.

4-10




Table 4-4
Fish Species Covered in the Elicitation

Game ies
Salmonidae
Brook Trout (Salvelinus fontinalis)

Lake Trout (Salvelinus namaycush)

Centrarchidae
Small Mouth Bass (Micropterus dolomieui)

Non-Game Species

Catosmidae

White Sucker (Catostomus commersoni)

Cyprinidae
Fat Head Minnow (Pimephales promelas)

Common Shiner (Notropis cornutus)




423 The Implemention of the Final Elicitation Structure

This section reviews the procedure followed during the actual estimation of damages by
the scientific participants.* The eliciting of the ranges of potential effects at each pH
leve! followed an established procedure., Compared with the variability of the other
components of the interview, its performance followed a standardized format.

The initial step was to introduce a table similar to that shown in Table 4.5.%* The ERC
investigator began by asking the participant if there were any possibility of a summer pH
measurement of 6.9 or above resulting in a reduction in the number of lakes which could
support a fish population, in this example a non-stocked population of brook trout. After
some discussion of the question, the expert con{;luded that there was, in his opinion, no
chance of a set of Adirondack lakes with a sumqfwer pH of 6.9 or greater losing fish habi-
tat. As a result, zeros were entered in the low,_j midpoint, and high columns of the table
(See Table 4-5a). If the participant preferred, the next set of queries concerned the
possibility of impacts occurring at a pH of 6.8. In this example, the expert was relatively
uncertain as to whether adverse impacts could be expected to occur over the range of
the approximately 3500 lakes being considered. A question typically asked by the
investigator was, "if there were 1000 Adirondack lakes reflecting the full range of
habitat types, morphometries, and biogeochemisteries which are possible, or that you are
familiar with, and these 1000 lakes had a pH of 6.8, would you expect any number of
these - however small the number — to no longer be able to support a seif-sustaining (in
this case) brook trout population due to the pH?" After some discussion, perhaps about
the variability of pH measurements, the fluctuation of water chemistry in the Adiron-
dack regions, and his own considerable uncertainty, the scientist indicated that there he
would expect some impact. At this point no values were recorded on the table. Instead,
" the investigator attempted to have the participant estimate a range within which he was
highly confident that the actual impacts would #all. Attempting to initially establish the
boundaries of this range, the investigator wou"d ask, for example, "what would be the
least number of lakes affected at this pH; in otber words, can you give me a percentage
value which would ensure that there would be np lesser degree of impact? Ata pH of
6.3, in the present case, the scientist responded with 0 percent as the lower

* The data set resulting from the elicitations is contained within Section 4.3.

= The form represented in Table 4-5 was used in all but two of the elicitations.




Table 4-5
Elicitation Table
Species: Salvelinus fontinalis (brook trout)

Range of Impacts

Constituents
Low midpoeint
pH 6.9 ( ) ¢ ) « ) « )
Low
pH 6.8 ( ) ( ) ( ) ( )
Low
pH 6.7 « ) « ) ¢ ) « )
_Low . —_— —_—
pH 6.6 () () () « )
_Low S —_— —_—
pH 6.5 ) ( ) ¢ ) «( ) « )
_Low _— R —
pH 6.4 « ) « ) «( ) ( )
Low
pH 6.3 « ) () « ) « )
Low
pH 6.2 ( ) «( ) () « )
Expert:
Date:

Notes: Self sustaining population
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bound to the range. As a result, 0 percent was entered in the low column. On the other
hand, to establish the high end of the range, the investigator would ask the participant to
consider the greatest possible impacts to the set of Adirondack lakes which both possess
summer pH measurements of 6.8 and self-sustaining brook trout populations. After some
discussion, the participant indicated that the high end of the range should be 15
percent. As a result, a 15 percent was enteried in the high column (see Table 4-5a).
These lower and upper bounds were chosen to represent a 95 percent confidence
interval.* Thus, the lower and upper bounds erlxtered in the table do not determine the
absolute limits to the range of possible damagés but, instead, serve to define effective
limits such that there is only a small probability that damages fall outside the range. In
-this case, the assumed 95 percent confidence interval implies that there is a 2.5 percent
chance that the damages will be below the lower bound, and an equivalent probability
that damages will be above the upper bound.

Once the range of impacts for a given pH had been specified in the above manner, the
participants were questioned regarding where within this range the actual outcome was
most likely to fall. It was quite difficult to elicit responses regarding the most likely
damage outcomes within the estimated range. A procedure was developed which was
acceptable to the scientists and still provided some information on where the most likely
outcome would fall. The procedure followed was to enter the mid-point of the range in
the table; for example, if the range were 0 percent to 15 percent the mid-point would be
7.5 percent. Upon entering the value for the mid-point, the participant was asked to
indicate whether the percentage of lakes no longer able to sustain fish populations would
be likely to lie above or below the mid-pointl. In our example, at pH value of 6.8, the
participant indicated that the range between 0 percent and 7.5 percent was more likely
to contain the true value than the range between 7.5 percent and 15 percent. Once the
participant decided whether the impacts were'likely to be above or below the midpoint of
the range, an "X" was placed either above or below the mid-point in order to express this
weighting of the probabilities (see Table 4-5b).

The elicitation continued until estimates for all the pH levels were developed. In many
cases the participant felt that the incremental change of .1 pH was not sufficient to
change the estimates listed above. In the current example, the participant, didn't change

* See Section 5.1 fcr a discussion of the statistical interpretation of the range expressed
by the scientific experts.
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‘able #-Ja
Elicitation Table
Species: Salvelinus fontinalis (Brook Trout)

Range of Impacts

Constituents
Low Midpoint High

pH 6.9 (o) ()Y (o) )Y (0
Low High

pH 6.8 (0) (X)) (75) C ) (15)
Low High

pH 6.7 « « ) ¢ ) ¢ ) «( )
Low High

pH 6.6 () ¢ ) () « ) «( )
Low High

pH 6.5 ’ { ) ( ) ( ) ( ) ( )
Low High

pH 6.4 ( ) ( ) ( ) ( ) ( )
Low High

pH 6.3 C > C oy Coy )
Low High

pH 6.2 « ) « ) ( « ) «( )

Expert:

Date:

Notes: Self Sustaining Population
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Table 4-5b
Condensed Elicitation Table
Species: Salvelinus fontinalis (Brook Trout)

Range of Impacts

Constituents
Low midpoint High
pH 6.9 ( 0) ( ) ( ) ( ) { 0)
Low midpoint High
pH 6.8 ( 0) ( X ) (7.5) ( ) (15 )
Low midpoint High
pH 5.5 ( 10 ) ( X ) (20 ) ( ) ( 30 )
Low midpoint | High
pH 5.2 (10 ) ¢ ) (35) ( X)) ( 60 )
Low — midpoint High
pH 5.0 ( 30 ) ( Xi) (55 ) « ) ( 80 )
Low midpoint High
pH 4.8 (40 ) ( X ) ( 65 ) ( ) ( 90 )
Low midpoint High
pH 4.6 ( 40 ) ( ) (65 ) ( X)) (90 )
Low midpoint High
pH 4.4 {( 60 ) ( ) (75 ) ( X)) (90 )
Low midpoint High
pH 4.3 (9 ) () (9% ) (X)) (100 )
Low midpoint High
pH 4.0 ( 100) ( ) ( x) ( ) ( 100 )
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the range of the damage function until the pH had reached 5.5. At that pH, the concen-
tration of inorganic monomeric aluminum was estimated to be approximately .05 mg/l,
and the pCa was approximately 4.3. At these values, the lower bound of effects was
estimated to be 10 percent and the upper bound 30 percent (see Table 4-5b).

In some cases, the participants were so uncertain that they were unable to weight either
the *high" or "low" interval. In such a case, no weighting was placed on either side of the

midpoint.

Not all of the elicitations began at the highest pH values, 6.9 and above, then proceeding
to lower pH values. In a number of elicitations, participants elected to begin at pH
values around 5.0, working toward both the higher and lower extreme. This is not sur-
prising, because the majority of bioassay experiments, as well as anecdotal literature,
note effects at a pH of 5.0 or less in dilute surface waters or their laboratory equi-
valent. The investigators do not believe that this change in the procedure affected the

estimated ranges.

4.2.4% Review and, Assessment of the Elicited Damage Functions

The final step in the elicitation interview consisted in a review of the range and weight
which resulted from the elicitation. During the review, the participant and the investi-
gator examined the range of impacts listed at the different pH values. If the participant
believed that the estimates accurately represented his beliefs, no changes were made.
On the other hand, if there were distributions which seemed inappropriate, then these
were reconsidered and changed where appropriate. Often this amounté¥ to the alteration
of }ust a few values. In some cases, however, substantial revisions ‘w'.ere required before
the participant believed the results to accurately reflect his/her perceptions of the

possible range of damages or impact.
Following these revisions to the estimates, if sufficient time was available, the interview

was closed with a brief discussion concerning the participant's evaluation of the approach
and his confidence in the use of its results.
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43 RESULTS OF THE ELICITATION

This section presents the data obtained from the participating scientists that was
directly incorporated within the calculation of zi'egional changes due to the incremental
shift of regional fresh water chemistry. Table 4-6 presents the results of each elicita-
tion. The data will be interpreted in Chapters 5 and 6.




Table 4-6a*
Brook Trout - Stocked

pH Low Weight Mid Painit "Weight High
7.0 0 0 0
6.9 0 0 0
6.3 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 0 0
6.2 0 0 0
6.1 0 0 0
6.0 0 0 0
5.9 0 0 0
5.8 0 0 0
5.7 0 0 0
5.6 0 0 0
5.5 0 2.5 5
5.4 0 2.5 5
5.3 0 10 X 20
5.2 0 1o X 20
5.1 0 10 x 20
5.0 5 X 27.5 50
4.9 5 X 27.5 50
4.8 8 X 31.5 55
4.7 8 X 31.5 55
4.6 8 X 31.5 55
4.5 30 50 70
4.4 30 50 X 70
4.3 50 72.5 95
4.2 50 x 72.5 95
4.1 50 x 72.5 95
4.0 70 85 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint. :
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Table 4{6b*
Brook Trout + Stocked
|

pH Low Weight J Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.8 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 0 0
6.2 0 0 0
6.1 0 0 0
6.0 0 0 0
5.9 0 0 0
5.8 0 0 0
5.7 0 0 0
5.6 0 0 0
5.5 0 12.5 25
- 5.4 0 12.5 ’ 25
5.3 0 12.5 25
5.2 0 12.5 25
5.1 0 12.5 25
5.0 0 X 37.5 75
4.9 0 x 37.5 x 75
4.8 10 42.5 X 75
4,7 10 42.5 x 75
4.6 25 62.5 x 100
4.5 25 62.5 X 100
4.4 40 70 x 100
4.3 40 70 X 100
4.2 50 75 X 100
4.1 70 25 x 100
4.0 70 85 x 100

* Where no weighting is indicated by the plac¢ment of an x, the weighting is placed over
the midpoint. :

4-20




Table 4-6¢c*
Brook Trout - Stocked

pH Low Weight Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.8 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 0 0
6.2 0 0 0
6.1 0 0 0
6.0 0 0 0
5.9 0 0 0
5.8 0 0 0
57 0 0 0
5.6 0 0 0
35 0 0 0
54 Y 2.5 5
533 5 7.5 X 10
5.2 15 20 25
5.1 30 X 40 50
5.0 40 35 70
4.9 60 72.5 X 85
4.8 85 90 X 95
4.7 95 97 99
4.6 100 100 100
4.5 100 100 : 100
4.4 100 100 100
4.3 100 100 100
42 100 100 100
4.1 100 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-6d*
Brook Trout - Self-sustaining

.. pH Low Weight Mid Point Weight High
7.0 0 0
6.9 0 X 7.5 15
6.3 0 x 7.5 15
6.7 0 X 7.5 15
6.6 0 X 7.5 15
6.5 0 X 7.5 15
6.4 0 x 7.5 15
6.3 0 X 7.5 15
6.2 0 X 7.5 15
6.1 0 X 7.5 15
6.0 0 x 7.5 15
5.9 0 x 7.5 15
5.8 0 x 7.5 : 15.
5.7 0 X 7.5 15
5.6 0 X 7.5 15
5.5 10 x 20 30
5.4 10 X 20 30
5.3 10 X 20 30
5.2 10 35 X 60
5.1 10 35 x 60
5.0 30 X 55 80
4.9 30 x 55 80
4.8 40 x 65 ' 90
4.7 40 X 65 90

‘ 4.6 40 65 x 90
4.5 40 65 x 90
4.4 60 75 x 90
4.3 90 95 x 100
4.2 90 95 x 100
4.1 90 95 x 100
4.0 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint. .
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Table 4-6e*
Brook Trout - Self-sustaining

pH Low Weight Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.8 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 ¢ 0
6.2 0 0 0
6.1 0 0 0
6.0 0 5 10
5.9 ¢ 5 10
5.8 0 X 15 30
5.7 0 X 15 30
5.6 0 X 25 50
5.5 0 X 25 50
5.4 0 X 37.5 75
5.3 0 X 375 75
5.2 10 X 42.5 75
5.1 10 X 42.5 75
5.0 25 50 x 75
4.9 25 50 X 75
4.8 25 50 X 75
4.7 25 62.5 X 100
4.6 50 75 X 100
4.5 50 75 X 100
4.4 50 75 X 100
4.3 20 90 x 100
4.2 80 90 X 100
4.1 80 90 X 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-6f*

Brook Trout - SelfTsustaining

pH Low Weight Mid Point Weight High

7.0 0 0 0
6.9 0 0 0
6.3 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 0 0
6.2 0 0 0
6.1 0 0 0
6.0 0 X 5 10
5.9 0 X 5 10
5.8 0 X 5 10
5.7 0] X 5 10
56 0 X 5 10
5.5 5 X 17.5 30
5.4 5 X 17.5 30
53 5 b - 17.5 30
5.2 5 X 17.5 30
5.1 5 X 17.5 30
5.0 10 X 37.5 65
4.9 10 X 37.5 65
4.8 {0 X 37.5 65
4.7 10 X 7.5 65
4.6 10 X 37.5 65
4.5 20 X 50 80
44 20 X 50 20
4.3 20 X 50 20
4.2 20 X 50 80
4.1 20 X 50 80
4.0 75 87.5 X 100

* Where no weighting is indicated by the piacement of an x, the weighting is placed over
the midpoint.
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Table 4-6g*
Brook Trout - Self-sustaining

pH Low Weight Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.8 0 X 7.5 15
6.7 0 x 7.5 i5
6.6 0 X 7.5 15
6.5 0 X 7.5 15
6.4 0 7.5 X 15
6.3 0 7.5 X 15
6.2 0 7.5 X 15
6.1 0 7.5 X 15
6.0 10 50 X 920
5.9 10 50 x 90
5.8 20 X 35 : 90 .
3.7 20 X 35 90
3.6 20 X 33 90
3.5 20 X 53 90
5.4 40 65 90
5.3 40 65 920
5.2 60 80 100
5.1 60 &0 100
5.0 30 90 100
4.9 80 90 100
4.8 90 95 100
4.7 920 95 100
4.6 90 95 100
4.5 90 95 100
4.4 100 100 ‘ 100
4.3 100 100 100
4.2 100 100 100
4.1 100 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table #-6h*
Brook Trout - Self-sustaining

pH Low Weight ] Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.8 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 0 0
6.2 0 0 0
6.1 0 0 0
6.0 0 X 7.5 15
5.9 0 X 7.5 15
5.8 0 X 7.5 ‘ 15
57 0 10 X 20
5.6 5 X 17.5 30
5.5 5 X _ 20 35
>4 3 X 25 50
53 5 30 X 55
3.2 10 325 X 55
5.0 10 35 X 60
3.0 10 40 x 70
4.9 20 45 x 70
4.3 25 55 b 85
4.7 35 65 X 95
4.6 45 p 4 70 95
4.5 50 X 72.5 95
44 75 36.5 x 928
43 85 92.5 X 100
4.2 95 97.5 X 100
4.1 95 97.5 X 100
4.0 95 97.5 X 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-6i*
Lake Trout - Stocked

pH Low Weight Mid Point Weight High
7.0 o 0 0
6.9 0 0 0
6.8 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 ] 0
6.4 0 0 0
6.3 0 0 0
6.2 0 0 0
6.1 0 c 0
6.0 ¢ X 5 10
5.9 0 X 5 10
5.8 10 20 30.
5.7 10 20 30
5.6 10 20 30
5.5 10 20 30
5.4 25 50 X 75
3.3 25 50 X 75
5.2 40 7C X 100
5.4 40 70 X 100
5.0 60 80 X 100
4.9 60 80 X 100
4.8 60 80 X 100
4.7 60 80 X 100 -
4.6 60 ) 30 X 100
4.5 100 100 100
4.4 100 100 ) 100
43 100 100 100
4.2 100 100 100
4.t 100 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-6j*
Lake Trout -'Stocked

i

pH Low Weight . Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.8 0 0 0o
6.7 0 0 0
6.6 0 Q 0
6.5 0 0 0
6.4 0 0 0
6.3 0 0 0
6.2 0 0 0
6.1 0 0 0
6.0 0 0 0
2.9 0 0 0
5.8 0 0 0
5.7 0 b 12.5 25
5.6 0 X 12.5 25
5.5 0 X 25 50
5.4 0 X 25 50
5.3 0 X 25 50
5.2 10 X 55 100
5.1 10 b 55 100
5.0 30 X 65 100
4.9 30 X 65 100
4.8 50 75 100
4.7 80 90 100
4.6 80 20 100
4.5 100 100 ) 100
4.4 100 160 100
43 100 100 100
4.2 100 100 100
4.1 100 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-6k*
Lake Trout - Self-sustaining

pH Low Weight Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.3 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 X 5 10
6.t 0 X 10 20
6.3 0 X 10 20
6.2 0 X 10 20
6.1 10 X 35 60
6.0 40 57.5 75
5.9 40 60 80
5.8 50 70 ' 90
5.7 50 70 90
5.6 50 70 90
5.5 50 70 90
5.4 80 90 P 100
5.3 80 90 X 100
5.2 80 90 X 100
5.1 80 90 X 100
5.0 100 100 100
4.9 100 100 100
4.3 100 100 100
4.7 100 100 100
4.6 100 100 100
4.5 100 100 ) 100
44 100 100 100
4.3 100 100 160
4.2 100 100 100
4.1 100 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.

4-29




Table 4-61*
Lake Trout - Self-sustaining

pH Low Weight ' Mid Point Weight High
7.0 0 0 1
6.9 0 0 0
6.2 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 x 5 10
6.4 v X 5 10
6.3 0 X 5 10
6.2 0 X 5 10
6.1 0 X 5 10
6.0 0 X 5 10
5.9 10 X 30 5Q
5.8 10 b 30 50
5.7 10 x 30 50
5.6 10 X 45 90
5.5 10 X 45 90
5.4 10 X 55 100
3.3 10 x 55 100
5.2 25 X 62.5 100
5.1 25 X 62.5 100
5.0 50 75 x 100
4.9 50 75 X 100
4.8 30 90 X 100
4.7 100 100 100
4.6 . 100 100 100
4.5 100 100 ; 100
4.4 100 100 100
4.3 100 100 100
4.2 100 100 100
4.1 100 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-6m*
Lake Trout - Self-sustaining

pH Low Weight Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.3 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 ] 0 0
6.2 ¢ 0 0
6.1 0 0 0
6.0 0 b 5 10
5.9 0 X 5 {0
5.8 0 X 5 10
5.7 0 P 5 10
5.6 0 X bl 10
5.5 5 X 17.5 30
5.4 5 X 17.5 30
53 5 X 17.5 30
5.2 5 X 17.5 30
5.1 5 X 17.5 30
5.0 10 X 375 65
4.9 10 X 37.5 65
4.3 10 X 37.5 65
4.7 10 x 37.5 65
4.6 10 X 37.5 65
4.5 20 X 50 80
4.4 20 X 50 &0
43 20 X 50 20
4.2 20 X 50 44}
4.1 20 X 50 &0
4.0 75 87.5 X 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table &-6n*
Small Mouth éass

pH Low Weight ' Mid Point Weight High
7.0 o 0 0
6.9 0 0 0
6.8 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 0 0
6.2 10 17.5 25
6.1 10 17.5 25
6.0 20 35 50
2.9 20 35 50
5.8 20 35 ' 50.
5.7 30 50 X 70
5.6 30 50 x 70
5.5 30 . 35 b 80
3.4 30 55 X 80
5.3 40 65 x 90
52 40 65 X 90
5.1 40 65 X 90
5.0 70 85 100
4.9 70 85 160
4.8 920 95 100
4.7 90 95 100
4.6 100 100 100
4.5 100 100 100
44 100 100 ' 100
43 100 100 100
4.2 100 100 100
4.1 100 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-60*
Small Mouth Bass

pH Low Weight Mid Point Weight High
7.0 0 0 0
6.9 0 0 0
6.8 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 0 0
6.2 0 0 0
6.1 0 0 0
6.0 0 0 0
5.9 0 2.5 5
5.8 10 20 30
5.7 30 40 50
5.6 40 50 60
3.5 50 X 65 30
5.4 60 75 90
5.3 100 100 100
5.2 100 100 100
5.1 100 100 100
5.0 100 100 tag
4.9 100 100 100
4.8 100 100 100
4.7 100 ) 100 100
4.6 100 100 100
4.5 100 100 100
4.4 100 100 100
4.3 100 100 100
4.2 100 100 100
4.1 100 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-6p* _
White Sucker .

pH Low Weight Mid Point Weight High
7.0 0 0 0
6.9 ¢ 0 0
6.8 0 0 0
6.7 0 0 0
6.6 0 0 0
6.5 0 0 0
6.4 0 0 0
6.3 0 2.5 5
6.2 0 2.5 5
6.1 0 X 10 20
6.0 0 X 10 20
5.9 0 X 10 20
5.8 0 X 10 20
5.7 0 X 20 40
5.6 0 X 20 40
5.5 5 X 27.5 50
54 5 X 27.5 50
5.3 b X 27.5 50
5.2 20 X 35 50
5.1 20 X 35 50
5.0 20 X 45 70
4.9 20 X 50 80
4.3 20 X 50 80
4.7 30 55 X 80
4.6 30 55 X &0
4.5 40 67.5 X 85
4.4 50 745 X 99
43 50 745 x 99
4.2 93 96.5 X 100
5.1 93 96.5 X 100
4.0 100 106G 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint. '
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Table 4-6q*
Common Shiner

pH Low Weight Mid Point Weight High
7.0 0 0 0

6.9 0 0 0

6.8 10 25 X 40
6.7 10 25 X 40
6.6 19 25 X 49
6.5 10 25 X 40

6.4 10 25 X 40
63 40 X 60 80
6.2 40 X 60 80
6.1 40 X 60 30
6.0 50 63 &0
59 50 65 &0
5.8 . 50 65 80
5.7 50 65 30
5.6 50 65 80
5.5 50 70 90
5.4 50 70 90
5.3 70 20 90
5.2 90 95 100
5.1 90 95 100
5.0 100 100 100
49 100 100 100
4.8 100 ' 100 100
4.7 100 100 i00
4.6 100 Log 100
4.5 100 100 100
44 100 10Q 100
43 100 100 100
4.2 100 100 1060
4.1 100 [00 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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Table 4-6r*
Fat Head Minnow .

pH Low Weight Mild Point Weight High
7.0 0 -0 0
6.9 0 0 0
63 0 X 10 20
6.7 0 X 10 : 20
6.6 10 x 15 30
6.5 10 x 15 30
6.4 10 20 30
63 10 - 20 30
6.2 10 20 30
6.1 10 20 30
6.0 20 X 30 40
59 20 X 30 40
5.8 30 X 50 70
5.7 30 b 50 70
5.6 50 60 70
5.5 50 60 70
54 50 75 90
53 60 X 75 90
5.2 60 X 75 90
J.1 60 75 90
5.0 80 90 160
4.9 80 90 100
4.8 100 100 100
4.7 100 100 100
4.6 100 100 100
4.5 100 100 100
4.4 100 100 100
4.3 100 100 100
4.2 100 100 100
4.1 100 _ 100 100
4.0 100 100 100

* Where no weighting is indicated by the placement of an x, the weighting is placed over
the midpoint.
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5.0 INTERPRETATION AND USE OF THE ELICITATION DATA

This chapter addresses the use and application of the estimates obtained from the elici-
tations. Section 5.1 discusses the conversion of the basic data provided by the elicita-
tions into marginal and cumulative probability distributions. Section 5.2 discusses the
data bases used by the investigators in order to apply these results to the lakes in the
Adirondack region. Section 5.3 presents and discusses the results of applying the cumu-
lative probability distributions developed in Section 5.1 to the data base discussed in
Section 5.2.

There are a number of ways to interpret and use the estimates obtained from the elicita-
tion. One way is to simply show the range of estimated effects. Since each expert esti-
mated lower and upper bounds of effects, these can be used to dimension the range of
effects due to a change in pH. I two additional assumptions are made, probabilistic
estimates of damages from acid deposition can also be obtained.

5.1 STEPS NEEDED TO OBTAIN PROBABILISTIC EFFECTS ESTIMATES

In order to obtain probabilistic estimates of the extent of change occurring to fish popu-
lations, the results of the elicitations presented in Table 4-6 must be interpreted as prob-

ability distributions. To accomplish this, two assumptions are needed:

1. the range elicited from the scientist at each pH level-must be inter-
preted as a confidence interval; and

2. the weight assigned by the scientist must be interpreted as a relative
liketihood.




5.1.1 Assumptions

The initial assumptions made were that the range estimated by the scientist represented
a 95 percent confidence interval and that, wheh a weight was placed on one side of the
range mid-point, the effects were twice as likely to occur in the weighted segment as in
the unweighted segment. It is important to re¢ognize that both the use of a 95 percent
confidence interval and a 2:1 weighting are assumptions. There is no quantative or stat-
istical justification for either assumption. Hdwever, a 95 percent confidence interval
was felt to be reasonable since during the elicitation the scientists were asked to dimen-
sion a range of potential effects so that, in their opinion, the actual impact would almost
certainly lie within that range. Assuming that the range represents a high confidence
interval is consistent with the way the elicitation was conducted. The assumption of a
2:1 weighting is more problematic since the scijentists were not asked during the elicita-
tion to determine what the relative probabilities were between the weighted and un-
weighted segments. Whenever the scientists were asked to actually assign different
probabilities to the different segments, they resisted making the estimate. It was felt
that the simple weighting used in the elicitation pushed the limits of the scientists ability
to dimension the uncertainty surrounding the eﬁects estimates. The scientists simply did
not feel that they could provide reliable estimates of actual probabilities, but they felt
they could indicate on which side of the rangé mid-point the actual outcome would most
likely fall. Given that this was all the information that could be reliably obtained, the
task facing the project 'investigators was to design a method that credibly used this
sparse data.

Since the specification of a confidence interval and interpretation of the weighting are
both assumptions, it is important to perform a sensitivity analysis around any selected
values. Confidence intervals of 90 percent and 80 percent were used _along with a 95 per-
cent confidence interval to test the sensitivity of the confidence interval assumption. In
addition to the 2:1 weighting assumption, sensitivity analysis was performed using a 3:2
and J5:4 weighting.

These different confidence intervals and weighting assumptions were feit to bound the
reasonable range of assumptions. The 95 percent confidence interval is quite a high con-
fidence interval (ie., the probability that the actual value would fall outside the scien-
tists' estimated range is only 5 percent). Canversely, the 80 percent confidence interval
was felt to be a lower bound. Given that the stated purpose of the elicitation was to




have the scientist estimate a range within which he was almost certain the actual effects
would fall, it seems reasonable to assume that the range represented at least an 80 per-
cent confidence interval. The weightings used (2:1, 3:2, and 5:4) range from the assump-
tion that, if a weight is placed on one side of the mid-point, the scientist feels that the
actual outcome would be twice as likely to fall on the weighted side, to a 5:4 weighting
where the scientist would be very uncertain regarding which side of the midpoint the
actual outcome will most likely fall, even though he is willing to assign a weight.

The results of the sensitivity analysis are shown in more detail in Appendix A; however,
it was found that the assumed confidence interval had a significant effect on the damage
estimates, but the assumed interpretation of the weighting had a minor impact. This is
an important finding since the interpretation of the weighting is the most uncertain
assumption. Further, this result justified the emphasis placed on obtaining accurate esti-
mates of the potential range of effects while settling for a simple weighting scheme to
indicate where within this range the most likely outcome might fall.*

Two examples will be presented to show in more detail how these confidence intervals
and weighting assumptions are translated into probability distributions.

Example |

Assume that for fish species X and a pH of 6.4, the scientist estimated the range and
assigned the weight as shown below:

Lower Range Upper
pH Bound Weight Midpoint Weight Bound
6.4 0 (X) 15 () 30

* This result was not entirely a surprise. In an earlier test application of this technique,
the investigators found the assignment of different probability weights to have a minimal
effect on the selection of the best control strategy for reducing acid deposition. Also,
this same result was found in a pretest of an elicitation on the effects of pH on tree
growth. These are reported in Violette and Peterson (1982).




This indicates that the scientist felt that at a QH of 6.4 the percent of Adirondack lakes
that could possibly, but no longer can, support fish populations of species X would fall in
the range bounded by 0 and 30 percent, and that the expert felt that the outcome was
more likely to fall between 0 to 15 percent than between 15 and 30 percent. Assuming a
90 percent confidence interval and a 2:1 weighting results in the cumulative distribution
shown in Figure 5-1. Given this cumulative distribution, the following holds true:*

o Probability 0 damages 15 equals .60;
o Probability 15 damages 30 equals .30; and
o Probability 30 damages 100 equals .10.

Example 2

Assume that for fish species X and a pH of 5.9, the scientist estimated the range and

assigned a weight as shown bejow:

Lower Range Upper
pH Bound Weight MidPoint Weight Bound
3.9 30 () 35 x) a0

Using the same definitions of these elicitation results as in Example 1, but assuming a
80 percent confidence interval with a 3:2 weighting results in the cumulative probability
distribution shown in Figure 5.2. Given this cumulative probability distribution, the fol-

lowing holds true:

Probability 0 damages 30 equals.l0

Probability 30 damages 55 equals .32
Probability 55 damages 80 equals .48
Probability 80 damages 100 equals .10

©c o0 O o

* Changing the interpretation of the weights from 2:1 to 3:2 would change the probabil-
ities of damages falling into the three specified intervals from .60, .30, and .10 to .54,
.36, and .10. A 5:4 weighting results in probabilities of .50, .40, and .10 for each
interval. Recall that the estimate of the number of lakes damaged was found, in this
application to be relatively insensitive to the weighting interpretation.
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Figure 5-1
Cumulative Probability Distribution for Percent Reduction in Habitat™
for Fish Species X Resulting from a pH of 6.8 Using the
Data from Example 1
(assumes a 90 percent confidence interval and a 2:1 weighting)
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Figure 5-2
Cumulative Probability Distribution for Percent Reduction in Habitat*
for Fish Species X Resulting from a pH of 5.9 Using the
Data from Example 2 _
(assumes a 80 percent confidence interval and a 3:2 weighting)
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5.1.2 Procedure for Estimating Damages from Acid Deposition

The preceding section presented the assumptions required to convert the range of esti-
mated damages and the weight assigned by the scientist .at.each pH into a cumulative
probability distribution for that pH. This section will outline the steps in the estimation
of damages from acid deposition based on the elicitations. A simple illustration of these
steps and a presentation of results from a test case sensitivity analysis of the confidence
interval and weighting assumptions can be found in Appendix A. Table 5.1 shows the
steps in the estimation of damages based on the elicitation conducted with the scientists.

Step One is the calculation of aggregate cumulative probability distributions of damages
for each species of fish at each pH level. For example, five elicitations were conducted
for self sustaining populations of brook trout. Table 5.2 shows the number of elicitations
conducted for each fish species. The five different self sustaining brook trout elicita-
tions were combined to form aggregate cumulative probability distributions of damages
at_each pH by first calculating cumulative probability distributions for each scientist's
elicitation and then averaging the distributions. A computer program using simple

numeric techniques was constructed to perform these computations.

Step Two involves determining the present distribution of pH levels across Adirondack
lakes. The basic source of this data is the Adirondack Water Management System data
base maintained by the New York State Department of Environmental Conservation.
This data base and others used are described in Section 5.2.

Step Three is the presentation of a hypothetical case used to derive the change in the

distribution of pH values caused by increases or decreases in acid loading.

Step Four is the calculation of the incremental damages from the shift in the distribution
of pH values calculated in Step Three. This is a conditional probability calculation. It is
the probability of incremental damages given the current distribution of fish habitat in
the Adirondacks.




Table 5,1
Steps in the Estimatjon of Damages
Based on Elicitation Results

Step 1:

Step 2:

Step 3:

Step 4:

Qutput:

Obtain aggregated cumulative probability distributions for each species of
fish at each pH by averaging the cymulative probability distributions for each
scientist.

Obtain current distribution of pH values for Adirondack lakes.

Derive the change in the distribution of pH values across Adirondack lakes
caused by increases in acid loading.

Calculate the incremental damages over present damages due to a downward

shift in the distribution of pH values across Adirondack lakes.

Given a predicted change in the distribution of pH values across Adirondack
lakes, a cumulative probability fl,lmction of the incremental number of lakes
expected to be damaged.

5-8




Table 5-2
Number of Elicitations Performed for
Different Fish Species in the Project

Number of

Fish Species Elicitations
Brook Trout

Self Sustaining Population 5

Stocked Population 3
Lake Trout

Self Sustaining Population 3

Stocked Population 2
Small Mouth Bass 2
Common Shiner 1
Fat Head Minnow _ !
White Sucker , |




The step four calculation of incremental damages requires that the correjation between
the different distributions of effects at different pH levels be specified. Since a regional
assessment spans lakes with different pH walues,| estimates of the probability of different
levels of damages are derived from the combined probability distribution for all lakes.
To calculate this combined distribution, the distributions of damages to lakes segmented
by pH class must be convoluted (i.e., combined).* To perform this step, it is necessary to
know whether these different probability distrilimtions are independent or whether there
is some correlation across these distributions. Referring back to Figure 5-1, the figure
shows the probability distribution of damages for a fish species in lakes with a pH of
6.4. A similar distribution could be graphed for lakes with a pH of 6.3. The assumption
of perfect correlation between these two distributions would mean that if actual
damages at a pH of 6.4 are high, then actual dllc\mages at a pH of 6.3 will also be high. In
terms of the cumulative probability distributions, this means that if the actual damage
outcome turns out to be that outcome associated with a .9 cumulative probability for the
6.4 pH distribution, the actual damage outcorne for lakes with a pH of 6.3 will also be
that level of damages also associated with the .9 probability. The assumption of perfect
independence implies that finding high levels of actual damages in lakes with one pH does
not change the probability of high or low damages in lakes at neighboring pH values.
Instead of assuming perfect correlation or perfect independence, a compromise assump-
tion of partial correlation between distributions is possible. With partial correlation, a
high damage outcome at one pH level does not imply a high damage outcome at a neigh-
boring pH level, but it does imply that the prq'bability of high damages at the neighboring

pH levels increases.

As a resuit, three assumptions are possible —— perfect correlation across distributions,
some form of partial correlation, or perfeci independence. The assumption of perfect
correlation results in the most uncertainy (i.e., the greatest dispersion in outcomes away
from the mean). This stems from the fact that, with perfect correlation, if damages at
one pH turn out to be very high, the damages at neighboring pH levels will also be very
high. Thus, extreme values are always coincident. This tends to increase the probability
that actual outcomes will fall in the tails ofi' the joint distribution. However, it does not
change the upper and lower bounds of the distribution. The assumption of perfect in-

* Convolution is the term for multiplying probability distributions.
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dependence gives the tightest distribution, in terms of measures of central! tendency
around the mean; and, therefore, results in the lowest amount of uncertainty. Thus, the
assumptions of perfect correlation and perfect independence can be used to bound the
uncertainty.

The appropriate dependence assumption was discussed with scientists during the pretest
phase of the project. The scientists indicated it reasonable to assume that if actual
damages at one pH level were in the low part of the distribution, then actual damages at
neighboring pH levels will also be in the low portion of their distributions. This implies
that underlying factors which make estimates of damages uncertain are correlated across
pH levels, and that if scientists learned that actual damages caused by pH 5.4 were in the
low part of the range, then they would revise the estimate at a pH of 4.8 downward to
account for this finding.* As a result, an assumption of perfect or partial correlation is
appropriate, and an assumption of perfect independence is inappropriate. For this study,
perfect correlation was assumed. This assumption provides an upper bound to the
uncertainty in the estimates and it is mathematically much easier to work with than
partial correlation. By assuming perfect correlation, it is possible to sum calculated
distributions of damages across different "clusters"” of lakes to obtain total distributions
of damage to lakes. A "cluster" of lakes is a set of lakes that have the same current pH
jevel and the same ending pH level after the shift in pH levels.

Appendix A presents a simple example of these calculations and the results of a "Test
Case" sensitivity analysis of the weighting and confidence interval assumptions.

* In review drafts of this report, some scientists interpreted correlation as meaning that
during the elicitation, if the weight was placed on the high side of the midpoint at one
pH, then the weight would have to be placed on the high side of the midpoint at other pH
levels. This is incorrect. The assumption of perfect correlation implies nothing about
the placing of weights during the elicitation. The scientist place the weights in the
manner they feel most appropriate. Assumptions of correlation or independence
influence how the resulting distributions are combined.
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5.2 DESCRIPTION OF ADIRONDACK DATA USED IN THE ANALYSIS

In order to apply the probabilistic damage estimates discussed in Section 5.1, it was
necessary to obtain a comprehensive and current water chemistry and fish population
data file for the Adirondack Mountain Region.li The primary data set used was provided
by the New York State Department of Environmental! Conservation (DEC). Published and
unpublished data provided by a number of other investigators were also used, These in-
cluded data collected in 1975 by Dr. Carl Schofl.l‘ield (unpublished data); a characterization
of 623 Adirondack lakes provided by Dr. Schofield (unpublished data); and the Acidity
Status of Lakes in the Adirondack Region of 'New York in Relation to Fish Resources
(Pfeiffer and Festa, 1980) and its 1981 Update.l| This section will describe salient charac-
teristics of the DEC data as it was represented on the Adirondack Waters Management

System Tape, as well as the manner in whicH the data were interpreted and used in a
regional assessment of fish damages. '

Data in the Adirondack Waters Data Management System covers 3506 ponded waters in
the Adirondack area. To sort the data into me;aningful units for analysis, the variables in
Table 5-3 were reorganized into a working data base. The data base is not entirely com-
prehensive, as not every ponded water has a complete record. For example, while there '
are a total of 3820 pH records within the da;nta base, only 2409 of these are contained
within the Chem-Current File (the file containing most current chemistry survey data for
those waters which possess chemistry surveys). Similarly, while there are a total of 3820
alkalinity records for Adirondack ponds, orlily 1516 are contained within the Chem-
Current File.* The DEC is, however, augmenting the records with acidification field
monitoring programs and increased efforts to record field station data on the Adirondack
Waters Management System Tape. Since 1975, the DEC has taken pH and alkalinity
measurements in over 937 ponded waters (Plieiffer and Festa, 1980, unpublished, 1982).
The pH measurements were obtained with a'pH meter under air-C02 equilibrium condi-
tions. In the initially published results, 25 percent of the surveyed waters registered pH
readings below 5.0 (Pfeiffer and Festa, 1980),

* The total number of alkalinity records are the sum of the Chem-Historic and Chem-
Current Files. There were a total of 509 'records for calcium and 560 for magnesium
within the Data Base.
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Table 5-3
Variables in Project Data Base

DATA BASE

Location and Status Records

1. Record type
2. Watershed
3. P#
4, Record# with P#
5. Watershed
6. P# .
7. Record Type
8. Date
9. Name of Water
10. Counties
11. APA 5tate Land Classification
12,  Fishery
13. Water Quality Classification

Morphometrics Record

14,  Elevation (ft.)

15. Watershed Area {acres)
16. Surface Area (acres)
17.  Annual Flushing Rate
18. ~Volume (acre ft.)

Use Information Records

19. Date
20. Number of Formal Waterfront Campsites/ Parks
21, Total Percent Shoreline Development

Species Records

22, Date of Survey
23. Presently Stocked?

24, Species Presently Stocked

25. NSA Game Species Present?

26. Species Presently NSA

27. Reclamation History

28. Current Management Classification
29.  Special Strains

30. Management Needs

31. Gear




Table 5-3'
Variables in Project Data Base
(Continued)

Liming Records

32.
33.
34.

Date Recorded
Month Limed
Year Limed

Chemistry Parameter Records

(for pH, akalinity, NO,, NO3, SO, Al, Ca, Mg)

35.
36.
37.
38.
39.
40.
41.
42.
43.

Date of Samples

Depth (ft.)

Measurement

Method

Remarks

Source

Sample Type

Year

Acidification Classification
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There is some controversy concerning the accuracy of many of the pH records contained
within the data base. This concern resulted from a 1979 survey conducted by the DEC's
Lake Acidification Studies Unit. The DEC possessed historical pH records for 138 of
these waters collected between 1930 and 1934, In order to compare current levels of
acidification with these historical records, the investigators recorded the current pH
values using both a pH meter and a Hellige comparitor. In reporting the results, Pfeiffer
and Festa (1980) showed that the 1979 colorimetric (Hellige comparitor) readings were
consistently higher than the pH meter determinations (see Figure 5-3). However, when
Schofield (1981) compared colorimetric measurements to meter pH measurements, he
concluded that the agreement between the two methods was much closer than stated by
Pfeiffer and Festa. Schofield concluded that the pH meter determinations reported in
Pfeiffer and Festa were between .5 and 1.0 pH units too low. Hence, the 396 pH deter-
minations for the ponded waters sampled in 1979 are probably between .5 and 1.0 pH
units in error. The investigators have been unable to determine what percentage of pH
listings recorded by the DEC and listed in the data base are in error.

In order to assess the potential bias in data base pH records, a regression developed by
Schofield (1976) relating pH to pCa was used by the investigators to determine the pH of
the 509 Adirondack waters for which both pH and calcium data were available. The
mean listed pH value for the sample was 6.1, while the mean pH value caiculated using
calcium concentration data and the regression relating pH to pCa was 6.3. The standard
deviation of the pH values was .84, while the standard deviation of the pH values calcu-
lated from calcium concentrations was 1.12. While the difference between the two
values is important, the investigators didn't believe it to be large enough to justify not
using the pH records contained within the data base. The seasonal variability of the pH
within individual lakes caused by biologic production, snowmelt, and in some cases, fall
rainstorms, is probably equal to or greater than the variation expressed in the calculation
of the lake pH values. Figure 5-4 demonstrates the considerable variation in the pH of
one Adirondack lake's summer-ice free-surface pH values. In the case of the example,
the values range from a low of 4.9 to a high of 5.50 in late summer. Readers, however,
should be aware of this systematic bias in the characterization of pH values in the data
base used in this analysis.
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Figure :5-3
Comparison of Meter pH and Colarimetric (Hellige) pH Readings
for 100 Adirondack Lake Samples*®
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Figure 5-4
Representation of the Spatial and Temporal Variability Within
Dart Lake in the Adirondack Mountain Region*
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Records of fish populations within the Data Basé reflect the presence or absence of fish
species within the particular ponded water sunlyeyed. All of the fish species for which
damage elicitations were performed are included the Data Base. A data sort was per-
formed to establish an inventory of Adirondacllf lakes posessing both chemistry records
and presence-absence data for fish populations. Figure 5-5 illustrates the sort pro-
cedure. Since 1975, the DEC has obtained pH |.'imd alkalinity measurements for approxi-
mately 972 ponded waters in the Adirondack Region of New York.* In searching the
Data Base for chemistry records from 1960 to the present, a total of 1217 lakes were
recorded. Of these, 550 possessed fish records;. Records dated from 1960 to the present
were considered current or indicative of the present pH and fish population status. Of
the 1217 examined, 280 were surveyed prior to ;1975. Assuming some change in the pH of
those 280 lakes between 1960 and the present indicates that our data probably over-
estimates current pH and fish populations stai'tus within the region. There has been no
published estimate of the rate of acidification in the Adirondack Region between 1960
and the present, but W.D, Watt et al. (1979) estimated that for lakes above pH 5 in Nova
Scotia, Canada, pH decreased approximately 9.5 pH from Gorham's measurements taken
in 1955 to their own made in 1977. Below pH 5, typical Adirondack waters possess in-
creasing buﬁ?r intensities as a result of the mobilization of aluminum, and the
shift could be expected to be smaller. In searching the files for a pH record, the
algorithm also looked for calcium and alkalinity records. Of the 1217 lakes with pH
records, there were 151 which did not possess .élkalinity records.

Step 2 calculated the pH range of the ponded water's pH value. Lakes were assigned one
out of 42 possible pH ranges. Increments of .1 pH between 8.0. to below 4.0 were used
(see Table 5-4). After the assignment of a pH range, the program assigned the lake to
an elevation class -- either below or equal to 1500 feet, between 1501 and 2000 feet, and
above 2000 feet. If there was no record, or if the elevation was blank, the elevation
class was set equal to "unknown". High dlevation lakes in the Adirondack Mountain
Region have been noted to possess both depriessed pH values and reduced fish populations
(Pfeiffer and Festa, 1980; Schofieid, l976b,' 1981, 1982). In a 1975 survey of 214 lakes
above 2000 feet, Dr, Schofield found that approximately 50 percent of the surveyed lakes

* 937 measurements were recorded between 1975 and [198l. In 1982, an additional 35
lakes were surveyed.




Figure 5-5
Sort Algorithm for Adirondack Ponded Waters

NO

For each lake in the data base:

Read index record (1-7)

Is there a pH value or a pH indicator (Ca, alkalinity) record later than 19607
YES

Read pH record, choosing l1ab pH if available, and calculate pH range; or, if
no pH record is available, read Ca record and calculate; 0.1, if no Ca record
is available, read alkalinity and calculate pH.

Is there an elevation record later than 19607 I[f so, calculate elevation
class. If not, or if elevation is blank, set evaluation equal to "unknown".

Is there an alkalinity record later than 19607 If so, calcualte alkalinity
class. If not, or if alkalinity is blank ,set alkalinity class to "unknown".

Is there at least one fish species record later than 19607

YES

Read all job species records with the same data as the most recent one and
set flags for each of the six species being looked for.

Add 1 to total for each fish species found (broken down by alkalinity, pH
range, and elevation class).

Add | to total for all fish species (broken down by alkalinity, pH range, and
elevation class).

Add | to total for all lakes (broken down by alkalinity, pH range, and eleva-
tion class).

—p- GO TO NEXT LAKE.
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Table 5-4
Distribution of Fish Habitat Represented'in Data Files Sorted by pH Range*

Brook Lake Small Mouth White  Fat Head Common All Fish
pH Range Trout Trout Bass ' Sucker  Minnow  Shiner  Species

8.0 2 0 7 8 0 0 15
7.90-7.99 1 0 0 i 0 0 2
7.80-7.8% ! 3 bl 4 0 0 6
7.70-7.79 1 i b 3 0 0 8
7.60-7.69 4 0 3 6 0 0 9
7.50-7.5% 3 2 7 6 0 0 13
7.40-7 .49 6 l 1 3 0 | 8
7.30-7.39 5 2 2 5 0 0 8
7.20-7.29 4 2 5 9 ! 0 12
7.10-7.19 10 4 5 . 9 0 0 16
7.00-7.09 12 4 3. 18 0 0 26
6.90-6.99 i3 2 3 12 0 H 22
6.80-6.89 12 1 6 9 0 3 22
6.70-6.79 8 1 4 1 0 1 18
6.60-6.69 11 2 2. 12 0 1 13
6.50-6.59 17 2 8 16 0 3 27
6.40-6.49 13 l 5 10 0 2 21
6.30-6.39 20 5 3. 14 0 | 27
6.20-6.29 19 7 7 17 0 i 30
6.10-6.19 11 3 3 9 0 1 17
6.00-6.09 27 5 8 13 0 1 38
5.90-5.99 16 4 0. 13 0 4 19
5.80-5.89 16 b 2. 7 0 0 21
5.70-5.79 16 3 2. 7 0 ! 20
5.60-5.69 8 2 ! 5 0 0 11
3.50-5.59 17 c 1 9 0 0 20
5.40-5.49 8 2 2, 6 0 0 13
5.30-5.39 5 l L 3 0 0 8
5.20-5.29 7 2 0. 6 0 0 9
3.10-5.19 9 0 0 7 0 0 12
5.00-5.09 11 0 0 3 0 0 13
4,90-4 .99 3 ] 0 1 0- 0 4
4,80-4.39 10 0 Q 1 0 0 10
4,70-4.79 6 0 Q 2 0 0 7
4.60-4.49 5 0 0 1 0 0 6
4.50-4.59 4 ] 0 2 0 1 4
4.40-4.49 | 0 Q 0 0 0 1
4.30-4.39 3 0 0 0 0 0 3
4.20-4.29 2 0 0 0 0 0 2
4.10-4.19 2 0 0 L 0 0 3
4.00-1.09 1 0 0 0 0 0 {

4.00 0 0 0 0 0 0 0

* Numbers equal number of lakes within each pH category which have fish records.
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had pH values below 5.0. Fish surveys conducted at the same time indicated that 82
percent of these acidic, high elevation lakes are devoid of fish. Of the 1217 lakes
examined in the subset of Adirondack ponded waters which had pH, alkalinity, or calcium
records, Table 5-5 shows that 141 were above 2000 feet. Of these, 99 or approximately
70 percent, possessed alkalinity readings less than 50 eq/l. The same table indicates
that of the 550 lakes which had records of fish populations and chemical records, only 52
were known to be above 2000 feet.*

After assigning the lake to an elevation class, the program determined if there was an
alkalinity record entered in 1960 or later. If so, the lake was assigned to one of the
following alkalinity classes: above 200 peq/l alkalinity, between 100-200, 50-10C, or
below 50 eq/l alkalinity. If there was no alkalinity record, the alkalinity record for that
lake was set equal to unknown. 200ueq/l was established as the lower bound of the high-
est category because it has commonly been used as the boundary between "sensitive" and
"insensitive" waters prior to the initiation of anthropogenic acidification (Hendrey et al.,
1980b) According to Glass and Brydges (1981) biological effects due to acidification
begin when aquatic systems reach alkalinities of approximately 100 ueq/l. The range
below 100 peq/l was divided into two segments: one between 50 and 100 peq/l and one
below 50 veq/l. Referring to Figure 5-6, it can be seen that there is a dramatic reduction
in lake pH as lakes develop alkalinity values less than 50yeq/] in the Adirondacks.

After assigning the lake to a pH, elevation, and alkalinity category, the program
recorded which, if any, of the 6 species of fish for which elicitations were performed
were present within the lake either in 1960 or later. A summary of this data, not includ-
ing elevation and alkalinity records, is shown in Table 5-4. Table 5-5 contains a summary
of the data excluding pH categories for the Adirondack Mountain Region.

Table 5-6 indicates that of the 350 lakes in the data base for which there were records of
brook trout samplings and chemistry records, 14 percent, or 49 lakes, possessed pH
values above 7; 43 percent, or 15! lakes, had pH values between 6.00 and 6.99; 32 per-
cent, or [13 lakes, had pH values between 5.0 and 5.99; and 37 lakes had pH values

* In both cases, however, there is a substantial fraction of lakes for which elevation
records do not exist; 493 and 201 respectively for the total population of lakes and for
the subset containing fish, respectively.
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Figure 5-6
The Relationship Between pH and Alcalinlity for Adirondack Lakes less than
610 Meters Elevation. June 24-27, 1975
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* Taken from Schofieid, 1976.
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Table 5-5
Resuits of Sort of Adirondack Lakes by Alkalinity, Elevation, and Fish Species

Brook Trout

Alkalinity* 200  100-200 50-100 50 Unknown Total

Elevation:
= 1500 ft. 16 4 7 12 9 43
1501 - 2000 f£t. 10 21 24 43 24 122
2000 ft. 1 7 8 30 4 50
Unknown 27 24 21 37 21 130
Total 54 56 60 122 58 350
Small Mouth Bass
Alkalinity* 200 100-200 50-100 50 Unknown Total
Elevation
= 1500 ft. 18 8 2 4 2 34
1501 - 2000 ft. 2 7 9 6 2 26
2000 ft. 0 0 0 0 0 0
Unknown 19 8 7 1 8 43
Total 39 23 18 i1 12 103
Fat Head Minnow
Alkalinity* 200  100-200 50-100 30  Unknown Total
Elevation
= 1500 ft. | 0 0 0 0 1
1501 - 2000 ft. 0 0 0 0 0 0
2000 ft. 0 0 0 0 0 0
Unknown 4] 4] 0 0 0 0
Total 1 0 0 0 0 I
Lake Trout
Alkalinity* 200 100-200 50-100 30  Unknown Total
Elevation
= 1500 ft. 2 1 3 0 0 6
1501 - 2000 ft. 2 6 5 15 3 31
2000 ft. 0 0 2 3 0 5
Unknown 8 7 5 3 3 26
Total 12 14 15 21 6 68

* Alkalinity values in yeq/l
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Table 545
Results of Sort of Adirondack Lakes by Akalinity, Elevation, and Fish Species
Continu'pd

I
Common Shiner

Alkalinity* 200 100-200 50-100 50 Unknown Total
Elevation _ '
= 1500 ft. 4 0 0 0 0 4
1501 - 2000 ft. 1 3 3 4 0 I
2000 ft. 1 0 2 0 0 3
Unknown 1 0 1 1 1 4
Total 7 3 6 5 1 22

White Su'xcker

Alkalinity* 200  100-200 50-100 50 Unknown Total
Elevation
= 1500 ft. 31 10 5 9 B -61
1501 - 2000 ft, 12 25 19 30 10 96
2000 ft. 1 2 4 il 0 18
Unknown 35 27 i2 17 10 101
Total 79 64 40 67 26 276

Total: All Fish Species

Alkalinity* 200 100-200 50-100 50 Unknown Total
Elevation
= 1500 ft. 53 17 14 18 13 115
1501 - 2000 ft. 16 35 32 63 28 174
2000 f1, 1 7 9 31 4 52
Unknown 58 42 a0 45 34 209
Total 128 101 85 157 79 550

Total: All Lakes

Alkalinity* 200 100-200 50-100 50 Unknown Total
Elevation
= 1500 ft. 87 44 25 26 23 205
1501 - 2000 ft. 37 33 69 143 46 378
2000 ft. 1 13 21 99 7 14}
Unknown 9% 8 60 179 75 493
Total 219 225 175 447 151 1217

* Alkalinity values inueq/i
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between 4.0 and 4.99. There were no records of brook trout lakes below pH 4.0.* The
total number of lakes included in our data sort of the Data Base is 1217, or approxi~
mately 35 percent of the total 3506 ponded waters in the Adirondack region. Of the
2,759 lakes which comprise the Adirondack Ecological Zone, only 937, or 34 percent,
have been entered into the data base. According to the DEC (1982 unpublished data), the
average size of the ponded waters in the Adirondack Ecological Zone is 89.3 acres, while
the average size of the waters in the 937 lakes sub-sample is 221.1 acres. The DEC cal-
culated the remaining 1322 unsurveyed ponds to have an average size of approximately
21.5 acres. The majority of these smaller ponds are found at high elevation sites on
generally more sensitive soils, and, consequently, can be expected to have, on average,
lower pH values than those ponded waters contained within the sample constructed for
this analysis.

ERC implemented a separate sort algorithm in order to differentiate between those
waters containing stocked and naturally reproducing populations of brook trout and lake
trout. The results of that sort indicated that there were a total of 77 lakes with stocking
records and recorded brook trout populations after 1960. The sort indicated that there
were 273 lakes which possessed apparentl).r naturally reproducing brook trout popula-
tions.* For lake trout, the sort indicated only one lake which was both stocked and

* For all lakes with chemistry values reported later than 1960, only 6 had pH values less
than 4.0.

* Pfeiffer (1979) states that there are 407 ponds within the Adirondack Ecological Zone
open to public fishing. Of these, he records that approximately 368 ponds, representing
some 12,694 acres, receive annual stocking with fall fingerling wild x domestic hybrids.
39 of the 407 ponds depend upon natural reproduction. 100 additiona! public brook trout
ponds are said to have lost their capacity to support brook trout., Pfeiffer predicts that
"about 25 percent of the existing viable acreage will succumb to acidifiction by 1992.
However, in a recent personal communication, Pfeiffer indicated that there had been a
slight improvement in the condition of brook trout ponds since the beginning of
monitoring in 1965. He indicated that, while the pH of ponded waters in central and
western New York had declined over the period, that the pH had increased slightly in
eastern and southern New York.




possessed sampling records of lake trout. There were 67 lakes which apparently con-
tained self-sustaining populations of lake trout.*

Consulting Region 5 stocking records for the pex';iod between January ! and December 31,
1981, 287 ponds were found to be stocked witlh brook trout. Pfeiffer (1979) lists 368
ponds within the Adirondack Ecological Zone gs being stocked with brook trout. The
DEC confirmed that at present, many stocking records have not been entered on the data
base, and that the data base does not accun!'ately represent the stocking history of
Adirondack lakes. As a consequence of the incompleteness of the files' current stock
records, the investigators did not, as initially pllanned, apply the damage estimations for
the stocked and unstocked populations of lake trout to stocked or non-stocked, lakes.
This analysis, however, will be possible when .Ithe DEC enters the stocking data in the
tape. Damages to stocked and unstocked habitats were estimated.

The Data Base was further analyzed into the six drainage bases which jointly constitute
the Adirondack Region. The results of this sort are represented in Table 5-6. Elevations
apparently strongly influences alkalinity. 70 percent of the lakes above 2000 feet in the
data base have alkkalinity values less than 50 .Iueqll. 86, 85, and 68 percent of the lakes
above 2000 feet in the Raquette, Mohawk and Hudson, and Oswesatchie/Black River
Basins have recorded alkalinity values of less. than 50 peq/l. Of the lakes between 1501
feet and 2000 feet, 38 percent had alkalinity values less than 50 neq/l. There was a sub-
stantial increase in lakes which possessed aﬂ?alinity values greater than 100 peq/l. 42
percent of the lakes below 1500 feet have alkalinity records greater than 200 peq/l. This
compares with | percent of the lakes above 2600 feet.

Table 5-7 represents the same terrain, accbrding to the calcium leve! of Adirondack
lakes analyzed by elevation and major draindge basin. While direct-comparison between
Tables 5-6 and 5-7 is difficult, the general tlrend of increasing alkalinity values and cal-
cium values with decreasing elevation is evi@bnt in both,

* Pfeiffer (1979) indicates that within the Adirondack Ecological Zone there are 61
public lakes with Lake Trout populations. 'Of these, 37 are maintained through natural
reproduction, while 24 receive stocking. There are an additional 33 private lake trout
waters, which Pfeiffer assumes have self-sustaining populations. 38 lakes which once
contained lake trout are now devoid of this $pecies.
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Furthermore, there are similarities between the calcium and alkalinity values within the
different drainage basins; for example, compare the records for the Mohawk Hudson
drainage above 2,000 feet in both tables.

53 CALCULATION OF INCREMENTAL DAMAGES CAUSED BY CHANGES IN FRESH
WATER CHEMISTRY

The first step in the determination of incremental damages or benefits to fish popula-
tions resulting from changes in fresh water chemistry was to propose a simple model of
system response for Adirondack lake waters assuming acid or base additions. The base
additions can be taken to represent either reductions in the input of acidic deposition; or,
presuming no change in the level of acidification, a mitigation strategy of base addi-
tion. The change in lake pH was calculated relative to a fixed pH value, when 50 and
100 peq/! of base and 50 and 100 yeq/! of acid were added to a fresh water system with
the following characteristics:*

open to the atmosphere

1.
2.  in equilibrium with gibbsite solid phase

3.  ionic strength is approximately 0.001 M

4.  DOC (dissoived organic carbon) equal to 5 mg/l
5.  sulfate concentration equal to 6 mg/l as SO“"2
6. F~ concentration equal to .1 mg/L

7.  temperature fixed at 15 degrees centigrade

While the model is useful for the purposes of this project, it is a very unrefined estima-
tion of lake water chemistry and pH change within the Adirondack mountains. It asumes
that all Adirondack lakes have the chemistry outlined above, provides no time rate of
change for the aquatic chemistry, and makes no attempt to relate the change in aquatic
chemistry to changes in the rates or concentrations of acidic deposition. In order to
calculate the change in pH, two computer runs were executed. The first fixed or esta-
blished the pH at values from & to 8 in 0.5 pH increments. The model then calculated the
amount of acid or base required to shift and fix the pH values at a new steady state. The

* See Figure 5-7. The model calculated the extent of change in the pH of lakes relative
to the fixed pH values along the bottom axis of the graph.
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second run calculated a theoretical titration baséd upon the proton demand calculated in
the first run. The protons were added with thei' intention of adding 50 and £100 peq/l
more than was required to fix the pH at the predetermined values. The results of the
runs are shown in Figure 5-7. 100 peq/! acid addlitions were considered the limiting upper
bound, and are approximately equal to the concentration of anthropogenic acid in the
Adirondacks if Henriksen's predictions are true (Henriksen, 1982). The 100 peq/l base
addition, would shift the distribution of lakes to approximately the original pH distribu-
tion found within ponded Adirondack waters phor to anthropogenic acidification. The
50 ﬁeq/l increment acid and base additions were calculated in order to determine the
effects of smaller shifts in fresh water acidificalption.

Changes in lake pH represented in Table 5-8 were calculated using Figure 5-7. Notice
that the buffer intensity of the system seems weakest in the pH values ranging from
approximately pH 7 to pH 6.* As expected, thlere was a decreasing shift at either end of
the pH range. Lakes below 4.5 are shown not shifting under any scenario of base or acid
addition. At pH 4.5 and below, the model résults were highly variable due to the in-
creased aluminum buffering in the system. However, lakes with pH records equal to or
below 4.5 are very unlikely to support fish pqlpulations in the dilute, oligotrophic water
characteristic of the Adirondack region.**

* Schofield (1976b) noted that in his survey there were relatively few lakes with pH
values between 5.5 and 6.0. He attributed this to the hypothesis that, for Adirondack
waters, this was the region of minimal buffering intensity. The model runs depicted in
Figure 5-7 indicate, however, that there is less buffer intensity between pH 7 and pH 6.
The model runs indicate that the Adirondack lakes are strongly buffered by the aluminum
system rather than the carbonate system. In a carbonate buffered system, the maximum
buffering intensity would occur at pH 6.3 as opposed to below 4.9. As discussed pre-
viously, while the aluminum buffering system prevents or slows down further lake water
acidification, it tends to stabilize the system at very toxic conditions due to the re-
sultant combinations of pH and aluminum levels.

*+ DEC files indicate that 550 lakes contain at least one of the six species investigated
during this project. There are 10 records of fish populations in water with pH less than
4.5. Ninety percent of those low pH lakes contained brook trout, one contained white
suckers.
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Figure 5-7
Calculated pH Shift Assuming Different Levels of Acid Inputs™

3.0

100 peq/l acid

(50 ueq/ 1 acid

S0 ueg/1 base

100 zeq/! base

* To calculate the shift in pH of a lake given that lakes pH, select acid or base addition
line of interest and read change in pH axis. For example, for a lake with a pH of 6.5 and
100 peq/! acid addition, the change in pH would be approximately -2 pH units. The lake
would shift from a pH of 6.5 to a pH of 4.5.
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Table 5-8

Chemical Shift in Adirondack Lakes Given a 100 ueq/1 Acid Addition

| New pH

Change in pH

Current pH
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54 ESTIMATES OF DAMAGES/EFFECTS DUE TO CHANGES IN ACIDIFICATION

This section presents the results of the calculations described in Section 5.1. Both in-
cremental-and decremental pH changes for the six species of fish considered during the
elicitation will be reported. Results for brook trout and lake trout are expressed both for
stocked and self-sustaining populations. The computations of incremental damage were
made using the following assumed parameters:

I.  the weighting assignment was fixed at 3:2;
2. confidence intervals were set at both 80 and 90 percent.

Three of the four lake pH shifts calculated using the model described in Section 5.3.1.
were used in the final analysis:

1. 100 peq/l acid addition
2, 50 ypeq/! acid addition
3. 50 ypeq/l base addition

The first section presents the results for assumed increases in acid input of 50 yeq/l and
100 ueq/! for each cluster of lakes within a given pH range. The second section presents
the results of a base addition scenario which would result in the increase in pH of the
cluster of lakes. A slightly different procedure was used to examine the effects of base
additions to the lakes. The third section presents a comparison of the response of the

different fish species habitats and an evaluation of the results using two different cal-

culation procedures.

5.4.1 Increase in Acidification - Predicted Effects Upon Adirondack Fish Habitats

Two scenarios postulating increases in lake water acidification were examined: (1) a 50
weq/l acid addition, and (2) a 100 ueq/l addition. Both of these scenarios represent
rather large increases in acid deposition. Although estimates vary, Henriksen (1982)
estimates that approximately 100 ueq/l of acidification can presently be attributed to
anthropogenic sources in the Adirondack region. Based upon this estimate, the two
scenarios represent roughly a 50 percent and a 100 percent increase over present levels
of acidification from antropogenic sources.
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Table 5-10
Chemical Shift in Adirondack Lakes Given a 100 peq/l Acid Addition

Current pH Change in pH New pH

0
062
.033
125
187
250
375
500
730
950
1.30
1.58

1.78
1.87
195
1.87

1.81
L75
.62
1.50
1.42

1.3t

1.19
1.06
950
875
800
700
625
500
437
375
312
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Tables 5-11 and 5-12 list the results for brook trout populations given the aggregate
cumulative probability distributions which resulted from the elicitations, the distribution
of Adirondack ponded waters containing brook trout records since 1960, and the dec-
remental shifts in lake pH values resulting from the different acid addition runs.* The
results expressed in Table 5-11 assume that all 350 lakes examined contained populations
of stocked brook trout. Column one represents the cumulative probability of damages
occurring to the set of 350 lakes currently su;laporting brook trout populations for the
shift in pH values resulting from a 100 ueq/l addition of acid, assuming a 3:2 weighting
and a 80 percent confidence interval. The damages range from a lower bound of 4.7
lakes, or approximately 1.34 percent of the total sample, to an upper bound of 273.4 or
73.11 percent of the total sample. The median value is 166.5 lakes. Because the results
represent a cumulative probability distribution, the median represents the number of
lakes which divides the range of probabilities; of damages into two equally likely seg-
ments. The expected value of damages is 159.5 lakes, or 45.57 percent of the total
sample. The expected value of damage is the mhean of the probability distribution. If the
mean, as in this case, is less than the median Qalue, the marginal probability distribution
representing the shift would be skewed towarq'is the lower end of the probability range.
Conversely, if the mean is greater than the median, the expected changes in the marginal
distribution would be skewed towards the upper half of the range. The results expressed
in column one indicate that there is a 10 perq':ent chance that damages occurring to the
sample of brook trout lakes would be equal to or less than 34.0 lakes. Similarly, .95 in-
dicates that there is a 95 percent probability that damages will be equal to or less than
263.8 Jakes.

Another way to use the information contained in the cumulative probability distribution
is to calculate the probability that damages,‘from the shift in distribution of pHs across
Adirondack lakes exceed a given level. Since the cumulative probability indicates the
likelihood that damages are equal to or less than a given level, one minus the cumulative
probability will equal the likelihood that damages exceed a given level. Column 1
(Table 5-11 — 80% confidence interval — indicates that with an increase of 100 peq/l of
acid, the probability that 25 percent of the' lakes or 87.5 lakes, which currently support
stocked brook trout populations, would no loriger be capable of sustaining stocked popula

* Tables 5-13 through 5-18 present the results of the acid additions to the remaining fish
populations in the Adirondack mountains.
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tions is equal to one minus .30 or 70 percent. Using this interpretation, the following
hold:

o probability that the number of iakes damaged will exceed one quarter of
the lakes (i.e., 87 lakes or more) is approximately .70.

o probability that the number of lakes damaged will exceed one half of
the lakes (i.e., 175 lakes or more) is approximately .45.

o probability that the number of lakes damaged will exceed three quarters
of the lakes (i.e., 262 lakes or more) is .10.

Column two represents the same calculation with a 90 percent rather than an 80 percent
confidence interval. As expected, the range has narrowed somewhat, especially at the
lower probability levels. The change in the expected value shifted from 159.5 to 162.5
lakes. This represents a change of .7! percent in the sample of lakes cépable of sustain-
ing fish populations. The change in the median value is equal to .74 percent.

Columns three and four represent acid additions of 50 uegq/l. Column three is calculated
with an 80 percent confidence interval and column four with a 90 percent interval. As
can be seen the expected value of damage in both columns three and four is greater than
half the expected value of damages in columns one and two. This result was expected
based upon the aquatic chemistry model output shown in Figure 5-7. The change in the
pH level of the "typical" Adirondack lakes is not linear with respect to changes in the
amount of acid or base added to the system.

Table 5-19 compares the means, or expected values, for shifts occurring to stocked and
unstocked populations of brook trout given different acid additions. Comparing the
results expressed at the 90 percent confidence interval reveals that if the current distri-
bution of Adirondack lakes were to be further acidified with 100 peq/l of acid, the
expected value of damages would be 46 percent of the stocked lakes and 48 percent of
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Table 5-1%

Comparison of the Expected Values for 100 and 50 peq/1 Acid Additions
to Stocked and Self Sustaining Brook Trout Populations

Stocked Population

+100peq/1 Acid
Self Sustaining Population

Confidence Intervals
80% 90%

Confidence Intervals
80% 90%

-159.5 -162.5

-160.9 167.3

|

Stocked Population

 ————— ___——_———————

+50 yeq/! Acid |
Self Sustaining Population

Confidence Intervals
0% 90%

Confidence Intervals
20% 90%

-76.8 -70.6

-94.2 -97.0
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the self-sustaining lakes.* The stocked .xi.es are considerably less sensitive in the
50 ueq/! acid addition, with expected losses of approximately 20 percent of 70 lakes as
compared with the approximate 28 percent reduction in self-supporting populations.
Presumably, the 8 percent difference can be attributed to the smaller pH shift in the 50
veq/| addition.

The 100 peq/l addition the water chemistry model predicted that lakes with pH values
equal to or less than 6.6 would shift to pH 4.6 or less (see Table 5-8). On the other hand,
the 50 peq/l shift allowed lakes with initial pH values of 5.0 or greater to shift to pH
levels equal to or greater than pH 4.7 (Table 5-9). An examination of the lower bounds
and upper bounds from the elicitation for self-sustaining brook trout populations at pH
4.7 showed the average elicited lower bound to be a 40 percent loss of lakes and the
average upper bound to be 90 percent loss. Average lower and upper bounds for the
stocked populations were 37.7 percent to 76.3 percent at pH 4.7. The stocked population
at pH 4.5, however, was quite sensitive. The average lower bound was 51.7 percent,
while the upper bound was 90 percent. The average upper and lower bounds for the self-
sustaining population at 4.5 was almost identical, ranging from a lower bound of 50
percent to an upper bound of 93 percent. These results are similar to those found in the
laboratory analyses conducted by Baker and Schofield (Baker, 1981). In that study, Dr.
Baker determined that in order to prevent measurable reductions in the survival of early
life history stages of brook trout, the pH of the typical Adirondack surface water shoui

be greater than or equal to 4.8. This implies that as the pH declines, the difference in
sensitivity between stocked and unstocked lakes declined. At some pH levels, all fish are

affected.

Table 5-20 presents‘the expected values for changes occurring to the remaining five
species of fish considered during the project. Comparing the sensitivities of different
fish habitats considered in the analysis {50 ueq/! acidification and 90 percent confidence
intervals) a ranking of fish population habitat sensitivities in Adirondack lakes can be

generated. From least sensitive to most sensitive, they are:

* Because of incompleteness in the stocking records entered in the DEC data base,
stocked populations and unstocked populations were differentiated by assuming that ail
of the lakes are either stocked or self-sustaining. Damage calculations were then
performed on the entire set of lakes for which the investigators possessed both chemistry
and any population data concerning brook trout and lake trout.
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Table 5-20
Expected Value of Change Occurring to Fish Excluding Brook Trout”
() = percent of baseline number of lakes

+100 peq/1 +50ueq/l
Confidence Confidence Confidence Confidence
interval Interval Interval Interval

80%  90% 80% 90%

Lake Trout Stocked -35.6 -37.8 -21.4 -22.3
68 Lakes Total (52) (56) (31) (33)

Lake Trout Self Sustaining =373 -37.6 -23.8 -24.8
68 Lakes Total (56) (55) (35) {41)
Small Mouth Bass -59.5 59,7 -37.6 -37.9
103 Lakes Total (58) (58) (37) (37)
White Sucker -99.2 -100.6 ~49.5 49.6
276 Lakes Total (36) (36) (18) {18)
Common Shiner -19.7 =-19.7 -12.6 13.2
122 Lakes Total {90) (90) (57) {(60)

* For brook trout, see Table 5-19. Fat head minnow results were not included because of
the small size of the sample contained thhm the DEC files.
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white sucker

stocked brook trout
self-sustaining brook trout
stocked lake trout

small mouth bass
self-sustaining lake trout
common shiner

Laboratory results indicate that the white sucker is more sensitive to acidification in
Adirondack waters than brook trout (Baker, 1981). Our results do not necessarily contra-
dict those studies, but can be explained by the distribution of white sucker lake habitat
compared with brook trout habitat recorded in the DEC data base. Twenty-seven per-
cent of the lakes possessing records of white sucker have a pH greater than 7.00, while
only 14 percent of the brook trout lakes have a pH equal to or greater than 7.00. 27
percent of the white sucker habitat was predicted to shift to pH values no lower than
6.24 with an acid addition of 50 peq/l. Similarly, 46 percent of the lakes with white
sucker have pH records where 6.0° is the base case. Assuming a 50 ueq/! acid input,
these lakes would decrease to pH 5.12 or above. Only 43 percent of the brook trout lakes
have intial pH values equal to or greater than pH 6.0, While 73 percent of the white
sucker lakes won't shift below 5.12, only 57 percent of the brook trout lakes — unden this

scenario -- remain above 5.12,

Caution must be used in interpreting the results listed above. They are not simply rela-
tions of sensitivity of different fish species to acidification. Rather, the results must be
interpreted as being the relative sensitivities of regional fish habitats. The results listed

in Table 5-21 and Tables 5-12 through 5-19 should not be interpreted as representing the
sensitivity of different fish species to pH stress as expressed by the scientific partici-
pants within the study. These results are a sample application of the data developed in
the elicitation interviews, and are based upon additional inventbry data and water

chemistry modeling information.

5.4.2 Decrease in Acidification — Predicted Effects Upon Brook Trout Habitat

One scenario was examined in which acidification was reduced by 50 peq/l. This reduc-
tion could be achieved either by reductions in acidic inut into the lakes or by direct base
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Table 5-21
Results of Secondary Sort Representing Lakes Which Contained
Both Fish Records and Chemistry Data

|
Brook Trout

Alkalinity* 200 100-200 50~100 50 Unknown Total
Elevation: .

= 1500 £t, 16 4 -7 12 9 438
1501 - 2000 ft. 10 21 - 26 43 24122

2000 ft. { 7 8 30 4 50
Unknown 27 24 21 a7 21130
Total 54 56 - 60 122 58350

Sma!ll Mouth Bass

Alkalinity* 200 100-200 50-100 50 Unknown Total
Elevation

= 1500 f1. 18 8 2 4 2 34
1501 - 2000 {t. 2 7 9 6 2 26

2000 ft. 0 0 0 0 0 O
Unknown [9 8 7 i 8 43
Total 39 23 18 il 12103

Fat Head Minnow

Alkalinity* 200 100-200 J0-100 50 Unknown Total
Elevation

= 1500 ft. 1 0 0 0 0 1
1501 - 2000 ft. t] 0 0 0 0 0o

2000 ft. 4] 0 0 0 0 0
Unknown 0 0 0 0 0 0O
Total 1 0 0 0 0 1

Lake Trout

Akkalinity* 200 100-200 50-100 50 Unknown Tota!
Elevation

= 1500 ft. 2 1 3 0 g 6
1501 - 2000 ft. 2 6 5 15 3 31

2000 ft. 0 0 2 3 0 35
Unknown 8 8 5 3 3 26
Total 12 14 15 21 6 638

* Alkalinity expressed in peq/l.
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Table 5-21
Results of Secondary Sort Representing Lakes Which Contained
Both Fish Records and Chemistry Data
(Continued)

T B R R Rl R T R L T Lot XTI Mt L e ST A L e s

Common Shiner

Alkalinity* 200  100-200 50-100 50  Unknown Total

Elevation

= 1500 ft. i 0 0 0 0 &
1501 - 2000 ft. | 3 3 [ 0 11

2000 ft. ] 0 2 0 0 3
Unknown 1 0 1 1 1 &
Total 7 3 6 5 1 22

White Sucker

Alkalinity* 200 100-200 50-100 50 Unknown Total
Elevation

= 1500 ft. 31 10 5 9 6 61
1501 - 2000 ft. 12 25 19 30 10 96

2000 ft. l 2 4 11 0 18
Unknown 35 27 12 17 10101
Total 79 64 40 67 26276

Total: All Fish Species

Alkalinity* 200 100-200 50-100 50 Unknown Total
Elevation

= 1500 ft. 53 17 14 18 13115
1501 - 2000 ft. 16 35 32 63 28174

2000 ft. 1 7 9 31 4 52
Unknown 58 42 30 45 34209
Total 128 101 85 157 79550

- Total: All Lakes

Alkalinity* 200 100-200 50-100 50 Unknown Total
Elevation

= 1500 ft. 87 44y 25 26 23205
1501 - 2000 ft. 37 33 69 143 46378

2000 ft. i 13 21 99 7 141
Unknown 94 85 60 179 75493
Total 219 - 225 175 447 19217

* Alkalinity express inueq/l.
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acdition, i.e., liming. According to Henriksen'si estimate of the present level of Adiron-
dack acidification, a 50 peq/l reduction in acic#ity would equal approximately a 50 per-
cent reduction in anthropogenic acidification. ' A new algorithm was required to predict
the effects of a base addition to Adirondack waters. The algorithm developed for
predicting incremental damages, which has been previously described, could not be used
to calculate decremental changes in acidiﬁcaticlm.*

The calculation of the increase in fish habitat .' resulting from a decrease in acidification
involved a four step process, see column 4 of Table 5-22. First, the number of lakes
which could support fish, in our case, self-sustaining brook trout populations in a natural,
pre-acidified condition, was estimated. Only populations of self-sustaining brook trout
were evaluated in this scenario. The baseline distribution was calculated by assuming the
addition of 100 peq/! base to each lake cluster. This base addition was interpreted as if
it were equivalent to the removal of 100 jeq/l of acidity. To evaluate the effects of
varying levels of acidification, it was necesséry to make an assumption concerning the
ability of lakes in this baseline chemical condition to support fish populations. It was
assumed that 80 percent of the lakes with pH values between 7.2 and 5.0 in the baseline
distribution were originally capable of s:.lpp:orting self-sustaining brook trout popula-
tions. Examination of the actual current pH data indicates that only 14 percent of the
lakes containing brook trout populations havé pH values above 7 and it is highly unlikely
that self-sustaining populations could have proliferated in the dilute waters charac-
teristic of the Adirondack region at pHs below 5.0.% A second sort of the Adirondack
Ponded Waters Data Management System tape was performed in order to classify those
lakes for which both fish survey records and pH records were available. Table 5-21
reports the results of this work. A total of 742 such lakes were identified. 350 of these

* This was because the original algorithm back calculated the original number of lakes
able to support fish from the ration of the Aumber of lakes presently supporting fish and
the estimated damage levels. Where the esi'timated damages were very high, this caused
division by a very smalil number and this, in turn, caused unacceptable imprecision in the
results. For example, if damages at a given pH were estimated at 25 percent and 5 lakes
were found in that cluster, then the original number of lakes capable of sustaining fish
would be calculated as 5/(1.0 - .95) = 100. ? , alternatively, the damages were estimated
as 97.5 percent, the original number of lakes would be 5/(1.0 - 97.5) = 200.

** This underestimates the number of lakes capable of supporting brook trout by not

considering organic acid waters with pH 3.0. It is known that these waters can sustain
brook trout populations at or below pH 5.0..
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Table 5-22
Results of Reducing Present Acidification by 50 peq/t*

Estimated Decrease in

Cumulative 100 peq/!t 50ueq/l  Present Acidification
Probability Acid Addition  Acid Addition  to 50peq/I**

1.25 5.3 1.8 3.5

5 16.0 5.6 10.4

i0 25,2 8.4 16.8

15 33.1 10.8 22.3

20 39,9 12.6 27.3

25 45,3 13.9 31.4

30 50.7 15.2 35.5

35 56.2 16.5 39.7

40 61.8 17.8 17.8

45 67.7 19.1 48.6

50 73.6 20.4 53.2

55 79.8 21.7 58.1

60 86.3 23.1 63.2

65 96.2 26.3 69.9

70 107.6 29.8 77.8

75 123.1 33.8 89.3
30 152.0 39.1 112.9

85 180.0 459 134.1
90 209.2 53.5 155.7
95 241.0 62.2 178.8
98.5 359.6 138.9 220.7
Expected Value 96.3 27.3 69.0

* The large difference between the extreme numbers (at the 98.5 percent probability
level) for the two distributions is due to the greater probability assigned to values lying
outside the range given in the elicitation. For the 90 percent confidence level, there is
assumed to be a 10 percent probability that the true value lies outside the range given.
For the 80 percent confidence level, this probability is assumed to be 20 percent, effec-
tively doubling the assumed probability of-the occurrence of very high or low damages.
The result is that when base additions are considered, the upper end of the distribution
will be very sensitive to the elicitation results and the assumed confidence interval. To
adequately handle scenarios where there are base additions, changes should be made in
the numeric algorithm that calculates incremental change. For acid additions, the cur-
rent algorithm for the calculations of damaged lakes is appropriate. The results were
calculated assuming a baseline distribution of 424 Adirondack lakes between pH values of
7.2 and 5.0 which were capable of sustaining populations of brook trout prior to acidifi-
cation

#* Calculated by subtracting values of the 50yeq/] acid additon from the 100 ypeq/] addi-
tion.
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|
lakes were reported as containing brook trout.’ Using the pH shift presented in Figure
5-7, the number of lakes which were contained within the range between pH 5.0 and 7.2
were calculated after 100 peq/l of base was added to each lake cluster.

The second step calculated the reduction in thle number of lakes capable of supporting
self-sustaining brook trout populations given a 50 veq/l addition of acid to the baseline
distribution of lakes. '

The third step consisted of the calculation of the shift in brook trout habitat that would
result from a 100 peq/l acid addition to the baseline distribution of lakes. Such an addi-
tion is equivalent to a return to the present leve] of acidification from the predicted
baseline.

The fourth step consisted in the calculation of the effect of a 50 ueq/l reduction in

acidity from the present distribution. This was accomplished by calculating the dif-
ference between the 100 peq/l acid addition and the 50 ueq/l acid addition, The

difference represents the improvement which could be expected by moving from a
current state of 100 ueq/l of anthropogenic acidification to a future state of 50 peq/! of
anthropogenic acidification. The results shown on Table 5-22 indicate that brook trout
habitat could be expected to increase from a lower bound of 3.5 to an upper bound of
220.7 out of 424 lakes. The expected value of the change is equal to 16 percent, or 69
out of 424 lakes.

5.33. Alternative Damage Calculation

In order to further evaluate the validity of the damage estimates generated using the
elicitation results, an alternative method of calculating damages was used for "self-
sustaining" brook trout lakes in the Adirondacks. This method involved utilization of the
"baseline" pH distribution assumed to repred}ent the chemical condition of the lakes prior
to anthropogenic acidification discussed in 5.4.2. Damage estimates were calculated by
considering changes from this calculated "haseline" pH distribution to new pH distribu-
tions reflecting varying levels of acidificatilon. In order to evaluate the effects of vary-
ing levels of acidification, it was necessary to make the same assumption conceming the
ability of lakes in this baseline condition tp support fish populations; see Section 5.4.2.*
The calculation used the additional sort of 'the Adirondack Ponded Waters Data Manage-
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ment System tape depicted in ¥ .- . ‘1. The pH shift program, which was derived from
Figure 5-7, was then used to esiima-. damages due to a shift in pH from the baseline.

The following shifts were considered:

(1) the addition of 100 peg/l of acid to the baseline distribution of lakes.
This amounted to a return to the present state, as the baseline was cal-
culated by removing 100 peg/l of acidity from the present distribution
of lakes possessing brook trout records.

(2) the addition of 50 peq/l of acid to the baseline.

(3) the addition of 150 peq/l of acid; equivalent to the current distribution
plus 50 eq/l of acidification.

* (4) the addition of 200 yeq/] of acid; equivalent to the current distribution
plus 100 1eq/l of acidification.

A summary of these additions is shown in Table 5-23.

The results of the third shift, from the assumed baseline to the present state, are par-
ticularly interesting, since it can be used to provide some information on the accuracy of
the elicitations and algorithms. Of course, the elicitations were designed to estimate the
effects of pH on fish populations. If other factors are causing damages to fish popula-
tions, then these figures would not necessarily correspond.

The present number of Adirondack lakes listed on the data base which are capable of
maintaining self-sustaining brook trout populations is 275. Using the incremental
damages generated by the elicitation results and the assumption that 30 percent of the
lakes between 5.0 and 7.2 could sustain brook trout populations, our approach predicted
that 327.7 lakes would be capable of sustaining brook trout populations. This discrepancy
can be explained by either:

* The investigators assumed that 80 percent of the lakes with pH values between 7.2 and
5.0 in the baseline distribution were originally capable of supporting self-sustaining brook
trout populations.
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Table 5-23
Damages Occurring to Lakes Capable of
Sustaining Self-Sustaining Brook Trout Populations
Between the Original pH \falues of 5.0 and 7.2

Predicted Predicted Actual

Number of Number of Number of
Damaged Surviving Surviving
Shift Lakes Lakes Lakes
(1) Assumed baseline reduction .
of (100 yeq/I acid) 0 424
{(2) Addition of
+ 50 peq/acid to baseline 27.3 396.7
(3) Present State estimated by
adding 100 peq/l acid : .
to baseline - 96.3 327.7 275
(4) 150 peq/i acid
addition to baseline 192.0 232.0
(5) 200 eq/! acid
addition to baseline 277.1 146.9

¥ 424 lakes equal the total number of lakes between pH values 5.0 and 7.2 after the
chemical shift caused by the addition of 100 ueq/l base (530) multiplied by .8, It is
assumed that 80 percent of the lakes between 5.0 and 7.2 could suppert brook trout.

** 275 lakes are the number of observed lakes which contain brook trout populations on
the data base between a pH of 5.0 and 7.2.

5-56



the estimate that 80 percent of the lakes could sustain brook trout
populations is too high, or

that the scientific elicitations were conservative estimates of the

damage, which is actually larger than they would predict, or

there are factors other than pH that contribute to a reduction in brook
trout fish populations.







6.0 CONCLUSIONS

6.1 PROJECT OVERVIEW

This project demonstrated a framework for organizing scientific information in a manner
useful for policy assessment. In accomplishing this, two different sets of results were
deveioped. The first set of results, which is shown in Table 4-6, represents the results of
the elicitation interviews with participating scientists. The second set of results, which
are based on the elicitation results, are contained and discussed in Chapter 5. The
results in Chapter 5 provide an example of how the data generated in the elicitation
interviews can be applied. Because they are based upon inventory data that is expected
to be significantly improved prior to 1985, and because the uncertainty surrounding this
data wasn't. specifically dimensioned, the conclusions to be drawn from these results
should pertain to the adequacy of the procedure, instead of the specific numeric dimen-
sioning of the effects of acidification on Adirondack fish populations.

The framework was designed to interpret the scientific uncertainty in estimates of the
relationship between acidification and aquatic effects and to further assist in extrapo-
lating spatially limited scientific data to regional areas. If successful, it will augment
scientific research by reframing effects information so that non-scientists can better
evaluate the probability of different levels of regional environmental damage. The
framework does not, however, replace effects research, as it does not generate new
hypotheses or data. It simply organizes existing data and interpretation into a format
complementary to conventionally presented scientific resuits. To evaluate whether the
framework accomplishes its primary goal, two questions need to be answered:
1. Are the analytic procedures and the results of the framework credible
to the scientific community?

2, Are the results of the framework heipful to economists, policy analysts,

and decision makers?

A framework designed to interpret scientific data and knowledge must have scientific

credibility and endorsement if it is to be a useful too! for the assessment of acid deposi-
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tion policy alternatives. The framework developed and applied within this project has
not received general or widespread scientific comment. As a result, the credibility of
the approach is generally untested. The prolject has, however, been reviewed by a
number of the participating scientists and a review panel at the National Acid Precipi-
tation Program Effects Research Review Meeting.* Preliminary scientific review
suggests that scientists generally recognize the need to present the results of effects
research in a manner that enables decision mdkers to evaluate the regional importance
and uncertainty of acid deposition effects. A Irecognized advantage of the framework is
that members of the scientific community difectly extrapolate from and interpret the
results of their investigations, rather than having less scientifically knowledgeable policy
analysts performing this extrapolation. Given the considerable uncertainty surrounding
the performance of regional damage estimates, which depend upon uncertain damage-
relations and inventory data, it seems unlikely that any framework addressing this
problem will receive unequivocal scientific endliorsement.

The second question concerns whether the outputs of the procedure will be useful as
inputs to policy analysis and economic benefits studies. Here a more definitive answer is
available. The type of information produced by this project is required by all policy
assessment frameworks, and is also necessafy for economic benefits studies. Policy
analysis cannot be performed without a regiohal characterization of the resources at risk
and the likelihood of different levels of damage on a regional level. To know that effects
have occured at dispersed sites, mainly in' the northeastern U.S., is significant, yet
incomplete knowledge for the assessment. By dimensioning the uncertainty for the
aquatic and the other acid deposition caused effects many important policy questions can
be addressed. In particular, any policy assessment based on uncertain information must
have the uncertainty in the parameters dimensioned if responsible decisions are to be
made. In the past, ad hoc procedures for incorporating uncertainty into assessments have
been used by policy analysts. Procedures directly utilizing scientifi¢c expertise can signi-
ficantly improve this aspect of policy evaluation. In addition, it would allow analysts to
determine the value of additional scientific research and whether reductions in acid
deposition should be sought while additional effects research is being performed.

* Effects Research Review Meeting of the National Acid Precipitation Assessment
Program, Raleigh, North Carolina. February 21-25, 1933.




Tue elicitations used in this project accomplished several important objectives. Esti-
mates of damage to fish populations were made directly by scientists participating in the
research., These effects estimates are not directly available from published scientific
experiments since most of these experiments are performed in the laboratory and cannot
easily be extrapolated to natural habitats or, where research results are available for fish
damages in natural habitats, few sites have been studied. The implications of the current
scientific research for estimating the effects of acid deposition on fish populations are
not straightforward and require the considered judgment of the scientists performing the
research. Since point estimates would be unreasonably precise given the current uncer-
tainties, the elicitation focused on estimating the expected range of potential effects for

a given pH value.

The estimates developed in this project have the advantage of being expressed quanti-
tatively. As such, they can be easily reviewed and, if need be, revised in the light of new
scientific information. For example, the damage relationships specified in this project
estimate effects as a function of pH, aluminum, and calcium concentrations. If new
research determines that some other variable is important to the prediction of effects,
then that variable can be incorporated. Similarly, scientists can easily revise the esti-
mates of effects either upwards or downwards as new information becomes available

from completed projects.

Another accomplishment of the elicitations used in this project is that the damage rela-
tions which resulted from the application of the framework integrate many different
mechanisms and possible causal agents of fish population decline, e.g., variations in lake
water chemistry due to groundwater upwellings, episodic pH shocks, and lake morpho-
metry. This chara-cteristic of the damage relation allows for a relatively simple and
understandable dimensioning of the predicted effect and its uncertainty which will be
easily understood by policy analysts. This allows for the explicit representation of
current scientific opinions and the development of a regional perspective for acid depo-

sition effects.

The probabilistic structure of the project and its reliance upon explicitly represented
expert judgement in the development of regiona! effects estimates does, however,
generate considerable scientific skepticism. Scientists have tended to assume that this
framework is designed to find out something new about the world, rather than to provide

a structure for the incorporation of scientific information and advice within a highly un-




certain policy debate. In this project, scientists were required to perform an assessment
role in addition to their responsibilites as effect{s researchers. Consequently, some con-
fusion exists concerning the status of the pq'oject, i.e., is it really new scientific
research? The obvious answer is no. Recall that it is an assessment device useful for
organizing technical information. Its outputs relpresent the considered judgement of the
scientific community. As such, it is part oi an integrated assessment intended to
organize and present scientific descriptions of the causal mechanisms and regional extent
of acid deposition effects. The rationale for the framework assumes that:

o Data sets containing statistically valid samples of observations on
effects will not be available prior td 1985, and in some cases the 1989

assessments.

o Policy assessment requires the best information on scientific un-
certainty available. This is most likely to come from the scientists

performing the actual research.

62 CONCLUSIONS REGARDING THE SPECIFIC PROCEDURES USED IN THIS
PROJECT :

A number of conclusions can be drawn that are specific to the implementation of this, or
similar, assessment techniques. First, projects of this type require an iterative process
with extensive interaction between scientists and the project investigators. Both the
varjables to be explicitly considered in the elicitation and the structure of the elicitation
should be determined in conjunction with participating scientists. This helps to assure
that the judgements being elicited can, in fact, be reasonably evaluated by the scientists.

One example of the importance of interactive communication between the project inves-
tigators and the participating scientists is the specification of variables for use in the
elicitation. The determination of the appropriate variables for use in policy assessment
can become as complex as it is important. ln"l'or example, the independent and dependent
variables of the damage relations were changed several times during the project as a
result of communication between the investigators and participating scientists. The
process was iterative, with each succeeding set of variables being more appropriate to
the assessment than their predecessors. Prifnary factors influencing their selection were
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the scientists' understanding of effect mechanisms; the extent of avazii.': inventory
information; and the size of the region over which effects were to be estimated. While
the project investigators suggested the original variables for the analysis, subsequent
specifications were the products of discussions with scientific participants.The linkage
between the information needs of the policy analyst and the scientific investigator is not
straightforward. ‘Policy analysts are not able to adequately specify information needs to
the effects scientists without considerable and extended dialogue. As scientific informa-
tion and estimation improves, policy analysts will attempt to incorporate that informa-
tion within their assessments.

A second conclusion is that, when dimensioﬁing the uncertainty in effects estimates, it is
important to try to achieve only that degree of resolution which is scientifically credibie
or responsible. Scientific judgements regarding the uncertainty of different acid deposi-
tion effects estimates are imprecise. This makes it difficult for scientists to provide
judgemental estimates of a precise probability distribution for effects outcomes. If the
approach for dimensioning uncertainty requires a level of precision that the scientist
cannot achieve, then the scientist will not view the resulting estimates as -being
credible. The elicitation used in this project explicitly recognizes the difficulty in mak-
ing meaningful point estimates for the probability of different levels of effects. Instead
of point estimates, the elicitation estimated the range of potential effects (i.e., upper
and lower bounds) with only a simple weighting scheme to express the likelihood of
different outcomes within the range. The lack of information on causal mechanisms
associated with acid deposition effects and the extreme variability in different eco-
system's response to acid deposition warrants conservative expectations regarding the
precision with which scientists can estimate the probability of different effects out-

comes.

A third conclusion is that inventory data concerning resources at risk may be the limiting
factor in the performance of assessments concerning acidification effects upon fish
populations. While there is considerable uncertainty concerning the effects of acidifica-
tion upon fish populations, there may be even more uncertainty in the current status of
regional fish populations and aquatic chemistry inventories. This project focused on
dimensioning the uncertainty in estimates of damages to lakes presently containing fish.
However, no attempt was made to dimension the uncertainty in estimates of the number
of lakes that currently support fish populations. If explored, it seems possible that the
uncertainty in the dose-response relationship for certain species of fish. Because of this




relative absence of complcte inventory data, statistical generalization over the outputs
of mechanistic or empirical effects models will .Ibe very uncertain. Techniques similar to
the approach employed in this project could be useful in dimensioning the uncertainty in
estimates of resources at risk. '

Interpretation of the project results should be guided by the following remarks. First,
the project was designed to evaluate the utility of a particular device for incorporating
scientific knowledge and advice within policy 'debates. As such, the damage estimates
generated should be viewed as preliminary. Furthermore, the proper emphasis of the
report should be the results listed in Chapter ‘ﬁl, which are the outcomes of the different
elicitation interviews with participating scientists. Chapter 5 consists of a sample appli-
cation of those results utilizing a very simple water chemistry model and a data base
provided by the New York State DEC. Tﬁe data from the elicitation interviews,
however, can be easily coupled with other data bases and water chemistry models in
order to yield different predictions of fish population damage due to acidification. This
report does not connect fish population response to acid deposition. The independent
variable throughout was the pH of Adirondack ponded waters. No attempt was made to
estimate the effect of acidification upon stream populations. Because stream f{ishing is
important in the Adirondacks, future regional effects estimates should address this area
as well. Finally, the damage estimates generated in Chapter 5 should not be interpreted
as damages to fish per se, but rather to fish f)opulations within their recorded lake habi-
tats. The sensitivity of these fish habitats td acidification is a function of many factors,
and is different from sensitivity recorded for the same species in bioassay experiments,
For example, while brook trout are known to be resistant to acidifcation effects, much
brook trout habitat is vulnerable to acidification because of its morphometric and bio-

geochemical characteristics.
63 AREAS FOR FUTURE RESEARCH

There are a number of other techniques that could be used to dimension uncertainty. All
use some variant of subjective probability elicitations. The only exception is the use of
statistically derived confidence intervals. However, the use of statisical confidence
intervals for dimensioning uncertainty around acid rain estimates suffers from two
severe shortcomings. First, they are based ‘on a set of statistical assumptions and mode!l
specifications (e.g., functional form) that may not be correct; and second, statistically
valid examples are unlikely to exist for mést effects areas. Still, there are techniques
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for combining sample information with the type of information generated by this
project. These techniques, based on Bayesian methods, should be explored whenever
sample data is available.

The elicitation technique used in this project estimated the range of possible effects with
very little information on the shape of the probability distribution within this range. This
process was selected because of the extreme uncertainty characteristic of acid deposi-
tion caused fish population effects. It might be possible, however, to estimate more
accurately the form of the probability distribution within the lower and upper boundaries
of the predicted effects.

Recall that the project segmented the range between the lower and upper bounds of the
effects by calculating the midpoint and then asking the scientist to indicate which seg-
ment of this range was more likely. For example, see line A in Figure 6-1:

Figure 6-1
Possible Techniques for the Estimation of
Probability Distributions

A. pH.4.6 10 30 X 50
B. pH.4.6 10 20 30 X 40 50
C. pH.4.6 10 4 20 3 30 1 40 2 50

A more precise estimate of the cumulative probability distribution can be obtained by
segmenting the range into fourths rather than halves as in line B of Figure 6-1. More
information could be obtained by having the scientist rank each segment within the range

from most likely to least likely, as shown on line C of Figure 6-1.

Another alternative would be to have the scientist directly estimate a probability distri-
bution for effects at each pH level. This would require the scientist to estimate, for
each pH level, the precise probability associated with each effects outcome or range of
outcomes. In this project, the effects outcome was a reduction in fish habitat. An elici-
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tation that would directly estimate the cumullative probability distribution was briefly
considered in the pretest and one trial application of this technique was conducted. This
elicitation technique was not used in the profect because the estimation of a precise
cumulative probability distribution proved to,ibe extremely difficult for the scientist
given the current state of knowledge. Further, the estimation of a cumulative probabil-
ity distribution for each of the pH levels and' the different species of fish would have
proven to be even more lengthy than the four to five hour interview required by this
process. Still, a more complete exploration of this approach is probably warranted.

In recent work, Feagens and Biller (1981) have designed elicitation techniques that esti-
mate upper and lower bounds to the probability of different effects outcomes. This
result is a direct estimate of the cumulative"probability distribution accompanied with
bounding upper and lower distributions. This variation could also be explored. These and
other details of the application of subjective probability analysis deserve further con-
sideration with any application to deposition effects areas. The structure of the device
used to develop the probability distribution ‘can be expected to vary across different
effects areas depending upon the level of ﬁncertainty present in estimating regional

effects.

As suggested in the previous section, another useful research project would involve a
dimensioning of the uncertainty in estimates of resources at risk (e.g., fish population
data). To estimate effects, both dose-response and inventory data are needed. At
present, the fish inventory data is very limiteld and, therefore, the fish populations at risk

are uncertain.

The framework used in this project presents damage relationships based upon the judge-
ments of selected scientific participants. The opinions and decision making characteris-
tics of the participating scientists clearly influence the results presented in this report.
Selection criteria for participants and their justification are, therefore, important for
future studies. These could be developed in conjunction with scientists already partici-
pating within the National Acid Precipitation Program and a number of external

reviewers.




6.4 CONCLUDING REMARKS

Regional damage assessments of acid deposition effects will continue to be characterized
by scientific uncertainty. As new scientific information and interpretation becomes
available, earlier estimates will be revised. If regional assessments are going to be
performed, direct scientific participation within the planning and implementation of
regional assessments is necessary. This project established that scientists are willing to
perform such a role. This role involves both the specification of the effects' model
parameters and the estimation of the parameter values. The importance of having scien-
tists help develop the parameters for effects assessment models has often been over-
looked. Conventionally, members of the scientific community have requested policy
analysts to provide a "wish list" describing the parameters necessary for the performance
of an analysis. This approach has led to considerable confusion. We recommend a joint
specification of assessment parameters where the scientist suggests appropriate para-
meters on the basis of current and predicted scientific information. Secondly, the parti-
cipating scientist should directly estimate the extent of effects resulting from acid
deposition. This project has determined that this can be credibly performed. In many
cases, the damage estimates were characterized by wide ranges, yet this doesn't indicate
that the estimates are inaccurate. It simply represents the degree to which scientists

are uncertain concerning the relationship between the parameters selected for analysis.

The credibility of the results and the process itself has been difficult to determine. In
large part, the readers of this report will be responsible for either adopting or rejecting
the technique and results. It must be remembered, however, that it is the first attempt
to explicitly dimension the uncertainty surrounding acid deposition effects. Regardless
of the technique used to develop regional damage estimates, those estimates will be
uncertain. This, or a similar technique, provides important additional information
concerning the confidence of those regional estimates. Finally, since the uncertainty in
the scientific information is so important in the assessment process, the uncertainty in
the scientific estimates must be dimensioned. If this approach is felt to be unacceptable,
then another must be suggested. The project investigators are aware of the shortcomings
and problems in this approach. The question is how to best perform a difficult task.







APPENDIX A
TEST CASE SENSITIVITY ANALYSIS OF THE
WEIGHTING AND CONFIDENCE INTERVAL ASSUMPTIONS




APPENDIX A
TEST CASE SENSITIVITY ANALYSIS OF THE
WEIGHTING AND CONFIDENCE INTERVAL ASSUMPTIONS

This appendix contains a brief illustration of the procedure developed to estimate
damages to fish populations caused by acidiﬁqation. Table A-] presents the input pH
distribution data required by the analysis. It shows the "current" distribution of pH
values across Adirondack lakes containing brook trout as well as the shift in the
distribution of pH values assumed for a "sensitivity test case." This current distribution
of pH values was obtained from the Adirondack Water Management System data base
maintained by the New York DEC. In calc:ula:ting the final results presented in Section
5.3, refinements in this pH distribution were made (see Section 5.2). However, this
distribution of pH values was used to test the sensitivity of the confidence interval and
weighting assumptions. A simple 2 pH shiff across all the lakes was assumed. For
example, the 55 lakes with a current pH of 7.0 were assumed to shift to a pH of 6.3.*
Given this pH shift, a cumulative probability distribution of the number of additional
damaged lakes, i.e., lakes which can no longer support brook trout, is calculated.

This simple assumed shift of .2 pH was used to test the sensitivity of the results to the

confidence interval and weighting assumptions. Nine cases were considered:

Confidence Intervals of 95 percent, 90 percent and 80 percent
Weightings of 2:1, 3:2, 5:4

Table A-2 presents the results of four of tht:'se cases: 1) 95 percent confidence interval
with a 2:1 weighting; 2) 80 percent confidence interval with a 2:1 weighting; 3) 95
percent confidence interval with a 5:4 weighting; and 4) 80 percent confidence interval

with a 5:4 weighting.

* Since these 55 lakes have the same starting pH and same ending pH, they would repre-
sent a “cluster" of lakes as defined previously. The assumption of perfect correlation
allows the simple summing of the cumulative probability distributions across all
“clusters” of lakes to obtain an aggregate cumulative probability distribution of damages.
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Table A-l
Data Input: Assumed Change in the Distribution of pH Values
Across Adirondack Lakes Currently Containing Brook Trout

Sensitivity Test Case: A .2 pH Reduction

Example Decremental

Current Distribution of Change in the Distribution of
pH Values Across pH Values Across
Adirondack Lakes Adirondack Lakes

pH Number of Lakes pH Number of Lakes

7.0 55 7.0 -

6.9 13 6.9 -

6.8 14 6.3 55

6.7 9 6.7 13

6.6 11 6.6 14

6.5 19 6.5 9

6.4 14 6.4 11

6.3 22 6.3 19

6.2 22 6.2 14

6.1 13. 6.1 22

6.0 34 6.0 22

5.9 16 3.9 13

5.8 17 5.8 34

5.7 17 5.7 16

5.6 8 5.6 17

5.5 23 3.5 17

5.4 11 5.4 3

5.3 6 5.3 23

5.2 9 5.2 11

5.1 11 5.1 6

5.0 16 5.0. 9

T 49 10 4.9 11

4.8 20 4.8 16

4.7 17 4.7 10

4.6 16 4.6 20

4.5 11 4.5 17

4.4 4 4.4 16

4.3 3 4.3 11

4.2 4 4.2 4

4.1 3 4.1 8

4.0 4 4.0 4

3.9 0 3.9 3

3.8 4




Table A-2

Sensitivity Test Case Resuits:
Cumulative Probability Distribution Showing
the Probability That a Given Number
of Lakes Will Be Damaged

Case | .' Case 2
95% Confidence Interval 80% Confidence Interval
2:1 Weighting 2:1 Weighting

——

Cumulative Number of Cumulative Number of
Probability Damaged Lakes Probability Damaged Lakes
.05 20.5 05 23.1
.10 37.2 .10 36.0
.20 48.9 20 3.7
30 56.7 30 54.8
40 59.6 40 60.6
50 62.2 30 63.8
60 65.5 .60 63.1
70 71.9 70 76 .4
.80 79.8 .30 80.2
90 82.5 « 90 87.3
95 93.0 - 95 126.5
Case 3 Case &

95% Confidence Interval
5:4 Weighting

80% Confidence Interval
5:4 Weighting

Cumulative Number of - Cumulative Number of

Probability Damaged Lakes . Probability Damaged Lakes
05 23,5 05 26.4
.10 41.4 .10 395
.20 52.5 .20 48.5
30 58.0 30 57.3
40 61.0 40 62.3
50 63.0 .50 64.9
.60 66.1 60 69.5
.70 72.7 70 77.7
.80 81.0 .20 82.8
.90 87.5 90 88.7
.95 94.9 95 126.1
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A comparison of Case 1 with Case 2 and Case 3 with Case 4 shows the sensitivity of the
calculated distribution of damages to differences in the assumed confidence interval.
This comparison shows a reasonably significant difference in the endpoints of the range
of damages when different confidence intervals are assumed. The same comparison also
‘shows the gensitivity of ‘the distributien of damages due todifferent weighting assump-
tions. The differences between both the 50th fractile value and endpoints of the distri-
butions using different weightings are quite small. Based on this test case sensitivity
analysis, it was decided that future sensitivity analyses would focus on the confidence
interval assumption rather than on the assumed weighting. The standard set of runs for
each species was decided to be comprised of two scenarios: a 90 percent confidence
interval with a 3:2 weighting assumption and a 80 percent confidence interval also with a
3:2 weighting. However, a full sensitivity analysis was performed for brook trout.
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