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FOREWORD:
 
PERSPECTIVE OF THE
 

ACID DEPOSITION ASSESSMENT STAFF
 

BACKGROUND 

Under the Acid Precipitation Act of 1980 (P.L. 96-294), a National Acid 

Precipitation Assessment Program (NAPAP) has been established. The legislative 

charge of NAPAP is to perform the necessary research, over a la-year period, 

to develop an understanding of the causes, sources, and the physical and 

economic effects of acid rain anq to delineate options for policy. The study 

is organized under an Interagency Task Force and 10 working task groups. The 

Assessments and Policy Analysis Task Group (Task Group I) is responsible for 

performing integrated assessments and developing tools for policy analyses. 

The Acid Deposition Assessment Staff (ADAS) provides staff support to Task 

Group I and is responsible for developing plans for and carrying out a series 

of interim assessments that will lead to a mandated final product in 1989. 

NAPAP has planned a program that calls for an interim Assessment of 

Current Damages (physical and economic) in 1985. Assessments in 1987 and 1989 

wi 11 incorporate ana lyses of the benefits (fewer projected damages) of reduced 

emissions or mitigation alternatives, versus the cost of achieving those 

benefits. 

This document is the report of a planning workshop held in May 1983,
 

4 months after the organization of ADAS. Its purpose was to define the objec


'. tives of the 1985 Assessment and to achieve a common understanding among the
 

participants of the alternative assessment approaches. 
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The participants included ADAS personnel; key researchers and managers 

from other task groups who were associated with studies of forests, aquatic 

systems and fish resources; several resource economists; and the staff of the 

U.S. Fish and Wildlife Service Western Energy and Land Use Team who were 

responsible for organizing and conducting the workshop and preparing this 

report. 

PROJECT RESULTS 

Valuable results of this project include: 

Conceptual assessment model s were formulated and their data needs 

identified. These are the initial frameworks for assessments in the 

areas of forest resources, watershed response, and fisheries 

resources. This work defined some of the methodology development 

projects needed to implement the frameworks. 

The scope of "current" and future damages was defi ned. Thi s act ivi ty 

focused the planning for the 1985 Assessment. 

Procedures for economic evaluations of losses to fisheries resources, 

commercial timber resources, and intrinsic ecosystem values were 

identified and research activities were planned. 

Understanding of the needs and limitations of each group was 

furthered by the week-long dialog among researchers, assessors, and 

economists. 
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CURRENT STATUS 

Now, in late 1984, this report is no longer an accurate record of current 

plans, but has mainly historical significance. The concepts and the frameworks 

that were developed have changed as our understanding of the problems' complex

ities and data availability has increased. No attempt has been made to revise 

this document to be consistent with current planning. It remains a true 

record of a critical step in the Acid Deposition Assessment planning process. 

Still, directions have not changed much in the past year, and the report 

provides insight into the considerations that started us along our present 

path. 

Robert E. Rosenthal, Project Manager 
Acid Deposition Assessment Staff 
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INTRODUCTION 

The Interagency Task Force on Acid Precipitation was established by the 

Acid Precipitation Act of 1980 (Title VII of the Energy Security Act of 

1980 - P.L. 96-294) with the charge of developing and implementing a National 

Acid Precipitation Assessment Program (NAPAP) to increase understanding of the 

causes and effects of acid precipitation. The task force is composed, in 

part, of ten task groups with responsibilities for various aspects of the 

National program. Task Group I has responsibility for assessment and policy 

analysis activities, including: synthesis of information on the composition 

and distribution of acidic deposition; synthesis of information on current and 

potential future adverse effects; formulation of alternative emission control 

and effects mitigation strategies; evaluation of alternative strategies on the 

basis of cost-effectiveness and cost-benefit; and identification of research 

that could reduce uncertainties hindering the policy analysis process 

(Interagency Task Force on Acid Precipitation 1982). 

To assist Task Group I in carrying out these activities, the U.S. 

Envi ronmenta 1 Protect i on Agency and the U. S. Department of Energy formed an 

Acid Deposition Assessment Staff (ADAS). The ADAS is responsible for managing 

Task Group lis assessment projects as well as serving as a coordinator between 

Task Group I and the other task groups. As part of these responsibilities, 

the ADAS has begun to develop frameworks for a series of assessments to be 

conducted between 1985 and 1989. The fi rst of these assessments, schedul ed 

for 1985, will concentrate on the description and evaluation of current damages 

due to acidic deposition and a preliminary analysis of source/receptor 

uncertainties. Later assessments will refine the analysis of source/receptor 

relationships and deal with other aspects of the problem, such as evaluation 

of the consequences of alternative deposition scenarios and analysis of various 

strategies for emissions control and effects mitigation. 
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I

1985	 ASSESSMENT OBJECTIVES 

The overa 11 structure for the 1985 damage assessment is ill ustrated in 

Figure 1. The two right-most boxes represent the principal objectives of the 

1985 assessment; that is, to produce, for as many resources in as many areas 

as possible, estimates of the current physical damages to resources due to 

acidic deposition and the economic value of those damages. The 1985 assessment 

will also evaluate the status and current uncertainties associated with source/ 

receptor relationships and discuss the range of policy options and their 

sensitivity to uncertainty. 

WORKSHOP OBJECTIVES 

The general purnose of the workshop (held in Leetown, West Virginia, 

April 25-29, 1983) described in this report was to elaborate, for aquatic and 

nonagri cul tura 1 terrestri a1 resources, that part of Fi gure 1 represented by 

the solid boxes and arrows. Particular emphasis was given to the correspond

ence between the kinds of ecological information required by various economic 

valuation methods and the kinds of ecological information being developed by 

the effects research program of the NAPAP. More specifically, the objectives 

of the workshop were to: 

1)	 deve lop an expanded di a1ogue between effects researchers and those 

(the ADAS, economists, policy analysts) who will use the results of 

the effects research program for assessment purposes; 

2)	 achieve a common understanding among participants concerning 

alternative assessment approaches; 
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3)	 define information and methods needed to implement each alternative; 

4)	 compare information available, or likely to become available, with 

information needs; and 

5)	 arrive at a consensus concerning the alternatives most likely to be 

achievable and credible. 

WORKSHOP ACTIVITIES 

The workshop was conducted using a modified version of the Adaptive 

Environmental Assessment (AEA) approach (Holling 1978; Andrews et al. 1982). 

Briefly, this approach involves breaking a problem of interest down into three 

to six basic components, identifying the information flows and interactions 

between those components, dividing workshop participants into smaller groups 

representing each of the basic components, and constructing a model to produce 

the information required from each component using the information provided by 

other components. In a typical AEA workshop, the model constructed in this 

manner is a computerized, time-dynamic simulation model. Construction of the 

model is used to synthesize existing information, to identify additional 

information needs, and to promote among participants a common, holistic under

standing of the problem. For a variety of reasons, including scarcity of 

currently available data and broadness of the problem in a spatial sense, a 

working simulation model was not the objective of the workshop described in 

this report. Rather, the workshop focused on identification of information 

required for the 1985 assessment and development of conceptual models or 

approaches for producing the necessary information. 

The portion of the 1985 assessment (Figure 1) considered at the workshop 

was conceptualized by the facilitators and ADAS representatives as having five 

distinct components (Figure 2), each represented by a group of participants. 

Assessments of damages to crops, materials, and human health are also planned 

for 1985. However, i~ order to keep the workshop to a manageable size, these 

aspects of the 1985 assessment were not considered. 
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The Assessment/Synthesis group was thought of as having three basic 

responsibilities: 1) to define the economic methods likely to be used in the 

valuation of fish resources, timber resources, and other ecosystem attributes 

over broad spatial scales; 2) to define the ecological information required by 

these economic methods; and 3) to synthesize the ecological information 

produced by the other groups and the outputs from the economic models into an 

internally consistent description of the physical damages to resources and the 

economic value of those damages. 

The Fi sh Resources group and Timber Resources group were envi s i oned as 

having two general responsibilities: 1) to develop methods or approaches for 

producing the ecological information required by the Assessment/Synthesis 

group; and 2) to define the information concerning watershed responses needed 

to apply the approaches developed. For example, it was anticipated that the 

Assessment/Synthesis group might require an estimate of the number of lakes 

and streams where fish have been extirpated due to acidic deposition, and that 

to provide this estimate the Fish Resources group might require information on 

past, present, and expected future changes in lake and stream pH. Similarly, 

methods for estimat"ing changes "in timber harvest might require information 

concerning changes in soil fertility due to acidic deposition, which was 

considered to be a watershed response. 

The Other Ecosystem Attributes group was originally conceived as having a 

similar set of responsibilities for environmental components other than fish 

and timber: 1) to develop approaches for estimating changes in resources such 

as wildlife habitat, wildlife populations, forest understory communities, and 

visual qualities; and 2) to define the information concerning watershed 

responses needed to apply these approaches. As the workshop progressed, 

however, it became apparent that separate valuation of changes in each of 

these components would probably not be possible. As a result, the Other 

Ecosystem Attributes group shifted its attention to consider methods for 

estimating the aggregate value of such changes based on a summary description. 

The Fish Resources group and Timber Resources group, in addition to considering 
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fish and timber, were requested to provide an indication of other kinds of 

descriptive information likely to be available for the aquatic and terrestrial 

systems. 

Finally, the Watershed Response group was seen as developing approaches 

for translating an input of acidic deposition into the kinds of "information 

required by the three resource groups. 

The first day of the workshop was devoted to presentations concerning the 

overall assessment objectives and economic methods likely to be used in the 

valuation of each type of resource, with particular attention to the kinds of 

ecological information required to apply the economic methods. During the 

next three days of the workshop, participants met in smaller groups, each group 

representing one component in Figure 2, to further discuss and refine informa

tion exchanges and to develop approaches for producing the necessary informa

tion. An economist met with each of the resource groups to ensure, insofar as 

possible, correspondence between the ecological information being generated 

and the needs of the Assessment/Synthesis group. These economists also met 

occasionally with the Assessment/Synthesi s group to report progress and to 

assist in fitting the information produced by the resource groups into an 

overall framework for economic valuation. Plenary sessions were held period

ically to discuss changes in information requirements as they were identified. 

The final day of the workshop was devoted to summary presentations of 

information needs and approaches developed by each subgroup. The remainder of 

this report is an attempt by the authors to organize those presentations into 

a more coherent overall framework and to document additional ideas expressed 

by participants during the workshop. 
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THE 1985 ASSESSMENT: OVERVIEW
 

COMPONENTS OF DAMAGE
 

The focus of the 1985 assessment will be on "current" damage. A clear 

definition of current damage is thus a prerequisite to the assessment and was 

an important topic of discussion at the workshop. General descriptions of 

three components of current damage were offered for consideration at the 

beginning of the workshop. 

1) Cumulative impact to date (i.e., 1985). The idea of this component 

was to provide a sense of the magnitude of the damage that has 

already occurred. 

2)	 Impact occurring this year (i .e., 1985). This component was intended 

to provide a sense of the rate at which damage is occurring, and 

thus a sense of the urgency for taking some action. 

3)	 Future impact at current rates of atmospheric deposition. This 

component was intended to provide a sense of how much additional 

damage is likely to occur if current deposition continues. 

There was considerable discussion at the workshop concerning the relation

ship of various physical and economic methods of measurement and projection to 

these three damage components. These discussions were focused through refer

ence to a hypothetical graph of a variable through time (Figure 3). It is 

assumed that the variable represents some physical resource (e.g., fishable 

area in a region or pH of a lake) or utilization of a resource (e.g., amount 
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of recreation provided) that declines as a result of increased acidic deposi

tion. It is further assumed that variation in the variable due to other 

sources can be separated from the effects due to acidic deposition. This 

allows a conceptual contrast between a hypothetical trajectory in the absence 

of acidic deposition (short dash line) and an acidic deposition trajectory 

(solid line) consisting of response to historical deposition from time t to o 
the current time (t = 1985) and an estimated future response to continued c 
deposition at current (1985) rates. Note that the hypothetical trajectory in 

the absence of acidic deposition need not be a horizontal projection of the 

resource level at time t. For example, in the simulation approach that mayo 
be used in the assessment of damage to timber harvest (see TIMBER RESOURCES 

section), the trajectory projected for the absence of acidic deposition would 

likely be a time-varying probabalistic estimate resulting from the aggregation 

of many stochastic simulations. On the other hand, practical considerations 

(e.g., lack of information) may force the assumption of a horizontal projection 

from time t for resources such as fishable area in a region.
o 

In the context of a physical resource, the value A(t ) in Figure 3 is 
c 

likely to be the most useful definition of cumulative damage to date. This 

quantity is the difference between the current state of the physical resource 

and the hypothetical state of the resource if there had been no acidic deposi

tion (above some nominal baseline value) in the past. In addition to concep

tual simplicity, this definition has the virtue that it can be valued using 

both travel cost and market/dynamic resource approaches (see VALUATION OF 

DAMAGE section). 

Other definitions of cumulative damage to date are of course possible. 

For example, the sum of A(t.) from t to t would be a meaningful definition 
1 1 c 

for variables involving resource utilization; that is, the total fishing 

opportunity lost to date is the summation of the opportunity lost each year 

since the onset of acidic deposition. This definition is equivalent to the 

area between the two curves in Figure 3 from t to t. However, obtaining an 
o c 

economic value for this definition would be more difficult and would require 

not just an estimate of the total area Jetween the curves, but rather an 
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estimate of the specific sequence of A(t.) values from t to t. Many trajec, 1 c 
tories could produce the same total area, but would produce different present 

dollar values as a result of the application of interest rates to points along 

the trajectory. Given the difficulty of estimating specific historic trajec

tories from t to t ' participants felt that the simpler definition of cumula
1 c 

tive damage to date [i .e., A(t )J would probably be the most useful for the 
c 

1985 assessment. 

The long dash line in Figure 3 is the horizontal projection into the 

future of the current (t = 1985) value of the variable and is useful in 
c 

defining several other quantities of interest. The values B(t ) from t + toi c l 
t represent the sequence of di fferences between the current state of the 

ss 
variable and the trajectory projected to result from the continuation of 

current deposition rates. The first value in this series, B(t + )' is thus an c l 
estimate of the additional damage occurring in the current year and is useful 

in conveying a sense of how rapidly the variable is changing. 

The value B(t ) is the difference between the current value of the 
ss 

variable and a new steady-state value (assuming that one exists) occurring at 

some, perhaps unspecified, time, t . For a physical resource (e.g., fishable 
ss 

area) the value B(t ) represents a useful definition of the additional damagess 
that might result from the continuation of current deposition. It is worth 

noting, however, that the time at which steady state is achieved, t ,is not 
ss 

provided by a number of approaches that might be used in the 1985 assessment 

to predict the steady state of the resource. 

For variables involving resource utilization (e.g., recreation use), 

additional damage can be defined as the sum of B(t.) from t 1 to t . This 
1 c+ ss 

is equivalent to the total area between the horizontal projection of the 

current value (long dash line) and the expected trajectory with continued 

deposition at current rates (solid line) from t to t Once again, however,
c S5 

k.nowi ng the tota 1 a rea is in suffi ci ent if the resource is to be valued using 

economic techniques that involve application of a discount rate to future 
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conditions. In that case the specific sequence of BCt ) values must bei 
estimated, because different sequences having the same total area would provide 

very differe~t discounted present values. 

While there was considerable discussion of these points at the workshop, 

there was general agreement that defining additional future damage as a 

specific sequence of B(t.) values would be most useful for the 1985 assessment. 
1 

Some participants felt that total future damage, which would include an A(t.)
-- 1 

component for each year, would be a more appropriate measure. There was also 

a consensus that, while annual resolution for the future trajectory would be 

most desirable, a piecewise-linear approximation from points at 5- to lO-year 

intervals would probably be acceptable for most economic analyses. It was 

ss 

also noted that a specific sequence of B(t.)
1 

values is not estimable merely 

from knowl edge of the current rate of loss, B( t +1)'
c 

and the steady-state 

condition, B(t ). Of course, as a time-trend analysis around the current 

time becomes more sophisticated and encompasses a larger section of the trajec

tory, it may come closer to defining the entire trajectory and thus become an 

empirical, "time-predictive" model. 

The components of damage identified in Figure 3 will form the basis of 

the 1985 current damage assessment. As experts in this area correctly pointed 

out at the workshop, however, Figure 3 is not necessarily the most relevant 

formulation in the sense of decision analysis. A decision analysis approach 

would focus on a comparison among the trajectories resulting from various 

decision options (Figure 4). This approach differs from that illustrated in 

Figure 3 in that the various trajectories shown in Figure 4 are all presumed 

to be achievable alternatives, whereas the horizontal projection of current 

value (long dash line in Figure 3) may be neither feasible nor desirable. 

Furthermore, current damage information such as that illustrated in Figure 3 

is not in a form to be compared with the costs of reducing damages. Benefit/ 

cost analyses require information like that depicted in Figure 4. Specifica

tion of additional future damage as a sequence of B(t.) values, however,
1 

requires the same type of "time-predictive" model s that will be needed for 

later assessments involving comparisons of alternative deposition scenarios. 
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Figure 4. Decision analysis formulation in units of physical resource 
or utilization. Predictions are made of the trajectories resulting from 
alternate decision options 01' D2 , and 03' 

VALUATION OF DAMAGE 

The work necessary to judge the most appropriate techniques for converting 

changes in physical resources and their utilization to monetary units in the 

1985 assessment has not been completed. In several cases, proposed approaches 

represent an extension of techniques into relatively new areas of application 

in terms of scope and complexity. The economic assessment will thus involve a 

considerable amount of methods development and pretesting. What can be 

described at this point is current thinking about the most promising 

approaches, their most probable information requirements, and some of the 

questions that will have to be resolved through methodological work and pre

testing. 
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Contingent Value Elicitation 

The contingent value approach involves an elicitation, through various 

surveyor bidding-game instruments, of individuals ' willingness to pay for a 

particular condition or state of a physical resource. There are many difficul

ties with the approach; however, it is basically the only viable way to 

estimate nonuser or "intrinsic ll benefits such as existence or ecosystem inte

grity. Many participants believed that such nonuser benefits are likely to be 

significantly larger than benefits deriving from use activities (e.g., sport 

fishing), and therefore that the methodological development work necessary to 

implement a contingent value elicitation would be worthwhile. 

The overriding consideration in effective utilization of the technique is 

that the description of the II product ll being valued be clear and understandable 

to the respondents. To the extent that damages could be described at the 

National level, a Nation-wide survey is thus possible. However, most partici 

pants felt that it would be more reasonable to limit application in the 1985 

assessment to a region (e.g., New England) or State where the extent of damage 

due to acidic deposition is better understood. 

It was also the consensus at the workshop that a contingent value elicita

t ion woul d be most effective ly app 1i ed to a summary descri pt i on of damages, 

rather than to individual resource attributes. The resulting value would thus 

include components associated with specific recreational activities (e.g., 

sport fishing) as well as nonuser or intrinsic values such as ecosystem 

integrity. Some of these components would al so be estimated separately by 

different methods (e.g., the travel cost approach applied to sport fishing). 

It was felt that damage to commercial timber would not be appropriately 

included in the contingent value elicitation. 

To the extent that the damages can be described in a clear and under

standable way, the contingent value approach could theoretically be applied to 

any of the components of damage depicted in Figure 3. Practically, however, 
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there were serious questions raised at the workshop about applying the 

technique to monetize the A(t)
c 

component and about the ability of the 

technique to value a specific trajectory of future conditions as opposed to a 

general statement of future conditions such as a new steady state [i .e., 

B(t ss ) on Figure 3]. 

The contingent value elicitation could be structured to provide output in 

terms of dollars per year. Methodological refinements could also address dif 

ferences between various types of users and nonusers and residents of the 

region versus nonresidents. General issues that need to be addressed in the 

pretesting and development phase include: 

1)	 What is the best "mode ll for the instrument (mail survey, telephone, 

personal interview)? 

2)	 Should information on the uncertainty of various effects be directly 

incorporated in the elicitation? 

3)	 Should the effects be attributed to acidic deposition or described 

without reference to cause? 

4)	 What is the appropriate population (national, broad area, specific 

regional residents) to sample for willingness to pay for damage in a 

specific region? 

5)	 How stable will the results of an elicitation be over the time 

period covered by the scope of the assessment with respect to 

possible shifts in population size and preferences, and how should 

these possible shifts be addressed in the assessment? 
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Travel Cost Methods 

The travel cost approach estimates a demand curve for recreational use at 

a site by extrapolating from observed relationships between visitation rates 

and the II pr ice ll of a visit. Visits are priced by calculating out-of-pocket 

expenses and a cost for travel time. 

The underlying assumption is that visitation rates from a general area 

are inversely related to the "price" of the trip from that area. The model is 

quantified by developing a regression equation predicting per capita visita

tion to the site from an area as a function of site characteristics, travel 

cost from the area, and soci oeconomi c descri ptors of the popul at ion in the 

area. This relationship is then used to generate a demand curve for the site 

by systematically increasing the travel cost. At each increment of higher 

travel cost, per capita visitation from the regression equation and the result

ing total visitation are calculated for each area of origin and then summed 

across areas to yield total visitation. The area under this demand curve but 

above the current price is the site's consumer surplus or the amount that 

people would be willing to pay in excess of actual expenditures. 

A change in site characteristics (such as a decrease in fish populations) 

is evaluated by constructing a new demand curve using altered values of the 

appropriate independent variables and comparing the resulting consumer surplus 

and actua 1 expenditures to the ori gi na 1 consumer surp 1us and actua 1 expendi

tures. In principle, the method can be applied to any differences in site 

characteristics that have been incorporated as independent variables in the 

prediction of visitation rates. The method could thus address the A(t )'c
B(t +1)'c and B(t ) components of damage (Figure 3)ss if the appropriate sets of 

site characteristics can be provided. 

Several factors complicate the approach. It is very difficult to predict 

and thus incorporate changes in preferences over time. Thus, the method 

generally assumes that preferences remain constant and only site characteris

tics (and perhaps socioeconomic variables and population distributions) change. 
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Substitution of alternate sites is a major consideration that must be address

ed in some fashion. A multisite model can be constructed by including travel 

cost and site characteristic variables (probably including a measure of conges

tion) for alternate sites in the regression equation predicting per c.apita 

visitation rate at a given site. Actual expenditures, demand curves, and 

consumer surplus can then be generated for all sites by the system of equa

tions. This approach can become intractable on a regional basis (e.g., 3,000 

lake sites). An alternative is to broaden the definition of site to include a 

number of individual lakes represented by aggregate site-characteristic vari

ables such as total fishable area. Substitution of locations within the 

"site" is thus handled implicitly by the regression coefficients; substitution 

among "sites" would require explicit treatment as in a multisite model. 

This method was originally developed to evaluate a single site considering 

the substitution effects of several alternate sites. Application in a regional 

assessment thus represents a considerable methodological extension. Methods 

evaluation and pretesting work, which have been recently started, are necessary 

to define exactly how the travel cost approach could be applied. The consensus 

at the workshop was that the travel cost approach is the most promising method 

for valuing damages to sport fishing. It might also be applied to value 

damage to several other specific activities such as hiking and scenic viewing. 

The application that seems most likely at this point would be to value 

changes in sport fishing activity and demand based on changes in the site 

characteristics of fishable area (defined as presence or absence of fish) for 

lakes and fishable length for streams. This information would be needed for 

each fish species and each lake or stream size class in a series of spatial 

areas defined by some appropriate characteristic such as alkalinity class (see 

WATERSHED RESPONSE section). For the 1985 assessment, it is likely that this 

information will be available only for clear-water systems. In the simplest 

case, each alkalinity class would be a "site" in the travel cost analysis. 

Preliminary applications may indicate that additional criteria need to be used 

to define "sites". Additional criteria might include lake size class or 

access considerations (such as I-day trip sites versus 3- to 5-day trip sites 
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requiring backpacking). The response (in terms of fishable area or length) of 

these "sites·1 would be estimated from the information provided by alkalinity 

region, based on the fractions of each alkalinity region within each of the 

"sites". 

Other ecosystem characteristics used to predict fishing visitation rates 

to a site would likely include a measure or measures of scenic beauty, conges

tion, facilities (e.g., docks, lodging), and availability of other activities 

(e.g., hiking, wildlife viewing, swimming). It is uncertain whether any of 

these secondary attributes, except congestion, will change predictably as a 

result of acidic deposition at levels that might alter the demand curve for 

sport fishing at any site. Regardless, some quantification of their current 

state will be necessary to express the desirability of alternate sites in 

order to treat substitution effects. 

Application of the travel cost method to activities other than sport 

fishing (e.g., hiking) will depend on identification of site attributes (e.g., 

scenic beauty) that predict visitation rates for these activities (which 

should emerge from preliminary testing) and ability to predict changes in 

these attributes as a result of acidic deposition (which is uncertain at this 

point). 

The status of information on secondary site attributes, visitation rates, 

zones of origin for various sites, and travel costs was not well defined at 

the workshop. Possibly useful sources include various fishing use surveys, 

visitor statistics at various sites, road maps, census data, and descriptions 

of secondary site characteristics provided by local resource managers. 

The travel cost valuation method cannot be applied to sport fishing where 

changes in the fisheries resource due to acidic deposition are not quantified. 

For the 1985 assessment the maximum area of coverage is thus the New York/New 

England region. In view of the considerable methodological issues that need 

to be resolved, it might be advisable to concentrate on an even smaller region 

(such as the Adirondacks or even some subset of the Adirondacks) in order to 
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fully understand how useful the method might be for later assessments covering 

broader areas. This would be especially important if results of preliminary 

applications indicate that many species need to be included, or that alternate 

measures of the fi shery resource (e. g., bi omass, product i vi ty, or catch per 

unit effort) are necessary to obtain acceptable predictions of per capita 

visitation rates. 

There are several alternate methods for valuing changes in sites with 

respect to specific recreational activities. These include participation 

models coupled with expenditure estimates and contingent valuation of the 

activities, activity approaches, and hedonic price approaches. These methods 

all have drawbacks but might be employed if serious problems are encountered 

in preliminary work with the travel cost approach. 

A final complicating point was raised at the workshop concerning the need 

to incorporate management actions in the va 1uat i on of damage to fi sheri es. 

For example, if increased stocking is being employed to offset potential 

declines in fishable area, the net change in fishable area will not accurately 

represent damage due to acidic deposition. An estimation of the extent of 

such management actions and their cost will need to be made in addition to a 

travel cost valuation. 

Market/Dynamic Resource Methods 

The simulation approach discussed at the workshop for the estimation of 

physical damage to timber resources due to acidic deposition (see TIMBER 

RESOURCES section) suggests that economic valuation may best be accomplished 

through integration of an economic model with a stand simulator. Harvest 

schedules are an important part of both stand simulation and economic valua

tion, and these harvest schedules may change as a result of alterations in 

growth rate due to acidic deposition. One poss'ible approach for the 1985 

assessment is to incorporate a IIfirm-level ll model to determine " op timal 

harvest ll (and associated dollar values) in the FORET stand simulation model. 

The economic model would be constructed to maximize the present value of a 
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future stream of income minus costs, and would require information on market 

structure, harvesting and planting costs, and age-dependent timber prices, in 

addition to information generated by FORET. Any of the components of damage 

illustrated in Figure 3 could be evaluated by comparing appropriate sets of 

simulations. Application of the approach would be limited to areas for which 

representative FORET simulations can be run. 

The utility of such an approach is dependent on a number of factors. 

First, it must be possible to attribute specific growth rate changes to acidic 

deposition. Second, the optimal harvest algorithm must be a reasonable approx

imation of the behavior of an individual firm. This would not be the case, 

for example, if demand is low relative to supply, or if growth rate changes 

due to acidic deposition are not sufficiently large to cause individual firms 

to change their harvest practices. Either of these conditions could quite 

easily be the case for unmanaged forests that cover much of the Northeastern 

United States. It is thus possible that the effort required to incorporate a 

harvest algorithm in the stand simulator would not be warranted if the 1985 

assessment focuses on the Northeast. 

On the other hand, if the above approach suggests sign i fi cant damage, 

more sophisticated market-clearing algorithms could be added to the economic 

analysis. The more complex analysis would treat shifts in supply resulting 

from acidic deposition as nonmarginal, consider prices of substitutes, and 

attempt to treat demand explicitly as a function of exogenous variables such 

as interest rates and housing starts. 

ASSESSMENT FRAMEWORK 

The overall framework developed at the workshop for the 1985 assessment 

of damages to fish resources, timber resources, and other ecosystem attributes 

is illustrated in Figure 5. Processes of measurement, estimation, or valuation 

are represented as circles; information products or results are shown as 
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rectangles. Additional detail concerning these processes and information 

flows can be found in the subsequent section entitled THE 1985 ASSESSMENT: 

PROCEDURES. 

As an example, application of the conceptual framework of Figure 5 to an 

assessment of damage in the Adirondacks might involve the following activities. 

A contingent value elicitation would be applied to a summary description of 

damages to the entire region. This summary would be constructed from physical 

damage estimates produced for a variety of resources. It would probably 

include changes in activities such as sport fishing, as well as changes in 

other aquatic biota, water transparency, tree mortality and species composi

tion, and some other terrestrial species (e.g., lichens). The value of sport 

fishing would probably also be estimated independently using a travel cost 

approach; thus, care would need to be taken to avoid double counting in the 

interpretation of results. Changes in commercial timber harvest, which would 

be valued by more direct market methods, would not be included in the contin

gent valuation. 

The advisability of broadening the elicitation to encompass other values 

such as cul tura 1 resources and materi a 1s was not di rect ly addressed at the 

workshop. It should be considered, however, because there were strong argu

ments made at the workshop in favor of basing an elicitation on a single 

damage summary as opposed to summing results from elicitations dealing only 

with parts of the damage. 

A travel cost valuation would be applied to changes in sport fishing 

activity resulting from changes in fishing site characteristics. As a first 

approximation, the analyses would probably be based on changes in fishable 

area of lakes and fishable length of streams, defined as presence or absence 

of fish, for as many species as possible. Fishable area and length would be 

estimated for several size classes of water body within spatial areas defined 

by existing maps of alkalinity classes. (See WATERSHED RESPONSE section for 

additional discussion of alkalinity classes.) For the 1985 assessment, such 

estimates would probably be available only for clear-water systems « 30 
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standard color units) and not for organic waters. The " s ites" for the travel 

cost method would be based on this spatial definition (size class and alkalin

ity class) of homogeneous response units. Estimation of other " s ite" charac

teristics (e.g., scenic beauty) would be necessary to treat relative " s ite" 

preferences and substitution. Changes in such other characteristics attribut

able to acidic deposition could also be included in the model if appropriate. 

However, with the exception of a measure of congestion, the probability that 

these characteristics will change in clearly understood and significant ways 

under current deposition rates might be small enough that they could be assumed 

to remain constant. 

Change in fishable area or length (by species, size class, and alkalinity 

class) would be produced in two ways. Historical and current surveys of the 

presence or absence of fish would provide one estimate of the damage to date. 

Another estimate would be obtained through appl ication of pH-based dose

response relationships. Changes in pH would be estimated as a watershed 

response for each homogeneous unit defined by alkalinity class and size class. 

These estimates of pH would then be used to predict presence or absence of 

various fish species. This approach would be dependent on the assumption that 

field surveys across lakes with different pH values can be used to predict 

changes in fish populations in other lakes as the pH declines. 

The travel cost approach might also be applied to other recreational uses 

such as hiking. This application is less likely, however, because of the 

lesser probability that acidic deposition at current rates will cause predict

able changes in attributes at a level that would significantly affect visita

tion rates for activities such as hiking. 

Changes in the net value of timber harvest resulting from acidic deposi

tion would be evaluated by aggregating simulations of stand volume and harvest 

under a variety of conditions (initial species and age distributions, deposi

tion rates, and edaphic factors). Aggregation to the regional level would be 

accomplished by inventory of the proportion of the total region represented by 
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a particular set of simulation conditions. The harvest algorithm in the 

simulation model would most likely be a relatively simple, firm-level, "op timal 

harvest" calculation designed to maximize the present value of a future stream 

of income minus costs. The success of this approach would be critically 

dependent on the ability to discriminate changes in tree growth rates due to 

acidic deposition. 
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THE 1985 ASSESSMENT: PROCEDURES
 

WATERSHED RESPONSE 

Outputs 

For the 1985 assessment, information concerning watershed response will 

be used primarily as input to the evaluation of the impacts of acidic deposi

tion on fish. This information includes distribution of pH, [Al] (aluminum 

concentration), and [Ca] (calcium concentration) within lake/stream size 

classes within II reg ions ll 
• Lake size classes were initially defined at the 

workshop as 1ess than 20 ha, 20-100 ha, 100-200 ha, and greater than 200 ha. 

Stream size classes were not defined. IIRegions ll refer to geographical areas 

within which given deposition levels will be assumed to produce similar water

shed responses and thus similar alterations in the alkalinity of surface 

waters. Changes in pH of surface waters wi 11 be estimated from predi cted 

changes in alkalinity. For the 1985 assessment, these II reg ions,lI or homogen

eous response units, will be defined by the classes « 50, 50-99, 100-199, 

200-399, > 400 ~eq/l) of total alkalinity of surface waters mapped regionally 

by the Corvallis Environmental Research Laboratory of the Environmental 

Protection Agency (EPA-CERL). Although these II reg ions ll will be defined with 

respect to alkalinity, the database will allow results to be reaggregated into 

economically defined areas of interest. 

Information on pH, [Al], and [Ca], including the current value, the 

steady-state value, and either the rate of change or the value every 10 years, 

will be desirable for the assessment of damages to fish. For the 1985 
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assessment, current pH values (estimated from alkalinity values) can be 

provided for the size classes and regions described above. Some current [Al] 

and [Ca] information may also be available. Methods may be available by 1985 

to estimate future steady-state pH and the current rate of pH change. One 

caution is that some existing methods for predicting steady-state pH are 

independent of other methods for estimating rate of change. Care is required 

in the merging of techniques to predict the trajectory to reach steady-state. 

This trajectory is required for monetization of fisheries impacts. The 

combined use of these independent estimates is a research need discussed 

later. Estimates of steady state and rate of change for [Al] will not be 

available for the 1985 assessment. Some estimates of these parameters may be 

available for [Ca]. 

Approach 

Damage to date. Estimates of current pH and change to date in 1akes/ 

streams by region by size class will be based on the time-trend analysis being 

developed by Brookhaven National Lab and the regional mapping work by EPA-CERL 

(Figure 6). The time-trend approach is based on a time series analysis of 

past trends in water chemistry data in the Acidification Chemistry Information 

Database (ACID). The models will be used to estimate rates of acidification 

of freshwaters on a regional basis. Extrapolation of results to larger areas 

(e.g., the Adirondacks or New England) will likely be based on the EPA-CERL 

a1ka 1i nity ma ps . 

Future damage at current deposition rates. Several approaches will be 

used to assess future pH changes under current rates of deposition. The rate 

of pH change will be estimated by projecting the time-trend analysis discussed 

above into the future (Figure 7). Information on dissolved organic carbon 

(DOC) and color (both readily measurable surrogates for organic acid concentra

tions) and alkalinity is currently being developed and may be incorporated to 

account for differences in acidification due to dissolved organic acids. The 

time-trend analysis will provide estimates of the rate of pH change but not 

the steady-state pH. 
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Figure 6. Procedure for 
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Procedure Data 
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Figure 7. Procedure for 1985 future damage assessment of watershed 
response: rate of pH change. 

28
 



The pH at steady state under current deposition will be estimated in two 

ways. A mass balance or simplified, lumped-parameter model will be used to 

estimate pH at steady state (Figure 8) and a "predictor nomograph" will be 

used to estimate steady-state pH classes (Figure 9). Both of these approaches 

allow estimation of steady-state pH but not the rate of pH change. 

For fish resources and associated economic analyses, the steady-state pH 

and the trajectory to steady state are needed. Unfortunately, the rate of pH 

change from time-trend analysis cannot simply be extrapolated to the steady

state pH predicted by either the lumped-parameter modeling or the nomograph 

method to calculate the trajectory to steady state. One of the research needs 

identified at the workshop was the development of a procedure to integrate 

rate of change and steady-state pH predictions to estimate the length of time 

to reach steady state. 

App 1i cabil ity 

The methods proposed for the 1985 assessment are generally applicable 

nation-wide. Data for these methods are available nation-wide but the 1985 

analyses will probably focus on the Northeastern United States. 

FISH RESOURCES 

Outputs 

For the 1985 assessment, estimates wi 11 be provided of the areal extent 

of lakes and the lineal extent of streams capable of supporting fish species 

of interest as a function of pH. These estimates will be made only for clear 

waters « 30 standard color units). The questions of whether and how acidic 

deposition affects fish in colored water communities will not be addressed. 

Inclusion of colored waters (if necessary) in post-1985 assessments will 

require (at least) additional field survey data on colored waters and 
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Figure 8. Procedure for 1985 future damage assessment of watershed 
response: steady-state pH based on lumped-parameter model. 
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Figure 9. Procedure for 1985 future damage assessment of watershed 
response: steady-state pH based on predictor nomograph. 
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additional information on the functional responses of fish in colored waters 

to changes in pH. 

For the 1985 assessment, estimates of fi sh resources wi 11 be made for: 

relatively pristine, preacidification (circa 1930?) conditions to establish a 

baseline; current conditions; and future conditions. Future predictions will 

be based on the estimated steady-state pH and the estimated trajectory to 

steady state (assuming that methods can be developed to provide such an 

estimate) under current acidic deposition patterns. Estimates of the status 

of the fish resources will likely be made for spatial units defined by total 

alkalinity of surface waters, as regionally mapped by EPA-CERL , and for lake 

and stream size classes within each alkalinity class. Lake size classes were 

defined at the workshop as < 20 ha, 20-100 ha, 100-200 ha, and> 200 ha. 

Stream size classes were not defined. 

Fish species of interest were tentatively identified at the workshop 

(Table 1). Final selection will be dependent on the dual criteria of relative 

economic importance and relative sensitivity to the effects of acidic deposi

tion. Determination of the relative risk to various species through integra

tion of information on expected acidic deposition across alkalinity and size 

classes may produce a useful pre-1985 assessment product. 

In addition to this primary information on fish resources, an attempt 

will be made to provide information concerning damage to other aquatic 

resources for use in a contingent value approach. This information is likely 

to be limited and descriptive in nature. 

Approach 

Assessment of the current damage to fish resources will require estimation 

of a baseline condition. Ideally, this baseline should represent the status 

of the resource prior to the onset of acidic deposition above natural or 

background levels (Circa 1880?). However, historical data on fish resources 

for establishing such a baseline will not be generally available for periods 
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Table 1. Potential fish species of interest and initial estimates 
(H = high, M= medium, L = low) of criteria to aid in selection of 
species to be used in the 1985 assessment. 

Economic Species acid Primary lake Environment b 
S . apecles importance tolerance environment acid tolerance 

Atlantic salmon H L large H 
cold water 

Brook trout H H sma 11 L 
cold water 

Lake trout H L large H 
cold water 

Rainbow trout L L sma 11 L 
cold water 

Chain pickerel L H sma 11 M-H 
warm water 

White perch M ? small-large L-H 
shallow warm water 

Yellow perch M H medium-large H 
low elevation 
warm water 

Smallmouth bass H L large H 
warm water 

White sucker L M everywhere L-H 

aCommon names according to Bailey et a1 . (1970) .
 

bShould be interpreted as resistance to additional acidification.
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pri or to about 1930. The magni tude of the error that wi 11 be introduced by 

assuming that the true basel ine condition can be approximated by the 1930 

condition is unknown. 

Estimation of the baseline status of fish resources is further complicated 

by two related issues: the fact that it cannot be assumed that a particular 

species has had access to all aquatic habitats capable of supporting that 

species; and the erratic historical stocking activities of the various States. 

Due to these complications, the workshop consensus was that estimates of the 

status of fish resources should probably be based on "Potential Fish Habitat." 

Potential Fish Habitat is defined as any water body capable of supporting a 

naturally reproducing population of a given species, without regard to whether 

that species has access (either through stocking or natural movements) to that 

water body. Physical damages to fish resources will thus be expressed as 

changes "in the amount of Potential Fish Habitat from basel ine conditions to 

current and future conditions. 

It is worth noting that this is not the only possible definition of 

Potential Fish Habitat. Participants pointed out that the definition could be 

expanded to include those waters capable of sustaining a stocked population. 

Many lakes are stocked periodically because the habitat is suitable for adult 

survival, but not for spawning and reproduction. Acidification of these 

waters would represent a loss of habitat, even though they are not presently 

capable of supporting a naturally reproducing population. 

Use of the concept of Potential Fish Habitat in the 1985 assessment will 

require that a set of criteria defining habitat requirements be establ ished 

for each species for which damage is to be estimated (step 1 in the left-hand 

column of Figure 10). For example, preliminary criteria discussed at the 

workshop to define potential lentic brook trout habitat in Maine were pH, lake 

surface area, and either maximum or average lake depth. The nature of these 

relationships might be similar to that shown in Figure 11, in which the prob

ability of an aquatic habitat supporting a naturally reproducing fish popula

tion is depicted as a function of pH. Information for defining these habitat 
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Procedure 

Establish criteria defining
 
Potential Fish Habitat for
 
each species 

Estimate baseline Potential 
Fish Habitat as Total Aquatic 
Habitat minus Always 
Unsuitable Habitat 

Estimate current Potential 
Fish Habitat as Total Aquatic 
Habitat minus Always 
Unsuitable Habitat minus 
habitat lost due to pH changes 

Estimate current damage as 
baseline Potential Fish Habitat 
minus current Potential Fish 
Habitat 

Estimate future Potenti aI
 
Fish Habitat at time t
 

Estimate future damage as 
Potentia I Fish Habitat at 
time t minus Potential 
Fish Habitat at time t + I 

Data 

IState survey records I 

Current and planned surveys 

Laboratory data I 
I ,I Other ecological data 

Values of habitat 
variables for all aquatic 
areas under baseline 
conditi ons 

Current and planned surveys 

Values of habitat variables 
for all aquatic areas under 
current conditions 

Values of habitat variables 
for all aquatic areas 
under future conditions 
(future pH predicted 
as a watershed response) 

Procedure 

Estimate baseline I 
occupied habitat 

Estimate current 
occupied habitat I 

Estimate current 
damage as baseline 
occupied habitat minus 
current occupied habitat 

Figure 10. Procedure for 1985 assessment of damage to 
fi sh resources. 
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Figure 11. General form of the relationship between pH and the 
probability of an aquatic habitat containing a naturally repro
ducing fish population. (The intersection of the curve with the 
abscissa and the true shape of the curve are defined research 
needs for each species of interest). 

requirements will likely come from a variety of sources, including: past, 

current, and planned surveys of fi sh presence/absence and v{ater chemi stry; 

1aboratory exposure data; and general eco 109 i ca 1 knowl edge. Exami nat i on of 

current pH and presence/absence of fish in waters known to have supported fish 

historically might be one of the most useful approaches, because it would 

eliminate the confounding effects of access. 

Once the species criteria set is defined, it will then be necessary to 

generate values for the habitat variables for all waters under historic or
• 

baseline conditions. Given these values, the amount of Potential Fish Habitat 

present in the baseline condition will be estimated (step 2 in the left-hand 

column of Figure 10) as the Total Aquatic Habitat minus the Always Unsuitable 

Habitat (i.e., those waters that never provided suitable habitat for a given 
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species). Always Unsuitable Habitat will be estimated by applying the species 

criteria to the values of the habitat variables. Such estimates will likely 

be made for each size-class of water body within each alkalinity class. 

The current (1985) amount of Potential Fish Habitat will be estimated in 

a similar manner (step 3 in the left-hand column of Figure 10), using the same 

species criteria sets and estimates of the current values of the habitat 

variables. Current damage to the fish resource will then be calculated as the 

difference between the amount of Potential Fish Habitat under baseline condi

tions and the amount under current conditions (step 4 in the left-hand column 

ofFi gure 10). 

Future damage estimates (steps 5 and 6 in the left-hand column of 

Figure 10) at any time, t, will be based on the species criteria sets and 

estimates of the future values for the habitat variables. Future pH values 

will be provided as a watershed response. Damage in any interval will then be 

the difference between the amounts of Potential Fish Habitat at times t and 

t+1. If future pH values are provided only for the expected steady state, 

without reference to a specific future trajectory, then it will be necessary 

to assume a trajectory in order to use this approach. 

The principal difficulty with this approach, of course, is that it does 

not consider the difference between Potential Fish Habitat and that habitat 

actually occupied by a particular species; that is, the question of access is 

ignored. There is considerable uncertainty as to whether economic methods 

such as the travel cost approach can be effectively employed to value a change 

in Potentia 1 Fi sh Habitat. The magn itude of the difference between potentia 1 

habitat and occupied habitat is thus an important consideration. It may be 

possible to obtain an estimate of this difference by comparing the amounts of 

Potential Fish Habitat calculated for baseline and current conditions with 

estimates of occupied habitat derived from past and current surveys (right-hand 

column of Figure 10). A factor derived from this comparison could perhaps 

also be used to adjust estimates of future Potential Fish Habitat. Such a 

comparative approach is not without its own problems, of course, since a means 
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must be found for extrapolating from survey samples to the entire population 

of water bodies. A strong recommendation resulting from workshop discussions 

was that future field surveys sample water bodies randomly within spatial 

strata and that they include both biological and chemical parameters. This 

will allow maximum use of the survey information in providing: (1) a statis

tical basis for estimating the difference between potential and occupied 

habitat; (2) a means for comparing predicted and actual pH within spatial 

strata; and (3) a means for empirically refining the species criteria sets. 

Additional aquatic information available for a contingent valuation of 

damages to other ecosystem attri butes was di scussed on ly bri efly at the 

workshop. This information, which is likely to be qualitative in nature, is 

summarized in Table 2. 

Table 2. Current status of information on biota in or 
associated with the aquatic community that may be useful 
in a contingent value elicitation. 

Biotic representative Information status 

benthic algal mats 

odor-causing acidiphilic algae 

lentic and lotic benthos 

phyto- and zooplankton 

salamanders 

frogs 

waterfowl 

none to limited for different 
regions 

none to limited for different 
regions 

descriptive 

descriptive 

limited surveys, no empirical 

limited surveys, no empirical 

good surveys 
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App 1i cabil i ty 

Although selection of the total species list has not been completed for 

the reasons listed above, it is highly likely that brook trout will be one of 

the species. Much of the concern over the potential damage from continued 

acidification of aquatic environments is due to loss of brook trout fisheries 

in acidified lakes in the Northeastern United States. 

Questions of how economic damages to fish will be assessed and integrated 

will have to be answered in the near future. Under ideal circumstances, the 

economic methods should be selected before final decisions on spatial resolu

tion and adequacy of existing databases are made; however, these activities 

will have to progress concurrently given the practical considerations of the 

time remaining to complete the 1985 assessment. Therefore, it must be assumed 

that the spatial units resulting from strata based on alkalinity classes and 

size classes of aquatic habitat within alkalinity classes will provide 

sufficient resolution to detect different fishery responses to spatially varied 

acidic deposition. 

In addition, it must be assumed that ongoing surveys of State data sources 

will detect deficiencies soon enough to allow time to fill key information 

gaps. At the time of the workshop, preliminary evaluation of State databases 

resulted in an initial set of priorities for supplemental survey projects 

(Table 3). Based on knowledge of existing databases, planned or ongoing field 

surveys, and the assumption that the requi red outputs wi 11 not change, it is 

expected that damage estimates can be provided for the New England region and 

the State of New York. Estimates for other regions and States are questionable 

(Table 4). 
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Table 3. Status of State fishery data bases and priorities for obtaining 
additional information. 

Priority for obtaining 
State Data base status additional information 

Maine 

New Hampshire 

Vermont 

New York 

-Massachusetts 

Rhode Island 

Connecticut 

Pennsylvania 

Overall fair; good for large 
lakes, very poor for lakes 
< 10 acres 

Old surveys on large lakes; 
questionable newer information 

Relatively poor; some ongoing 

G€nerallyexcellent 

Unknown 

Good 

Unknown, but not at risk 

Excellent 

High for small area in 
southern Green Mountains, 
medium for rest of state 

High for Adirondacks 

and Catskills onlyb 

Medium need for good 
data base 

Low 

Low 

Low 

aSmall efforts either underway or solicited. 

bSurvey of 1,200 lakes proposed. 
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Table 4. Estimated ability to produce damage estimates for various 
regions and States using data currently available. 

Geographic area Ability to produce damage estimate 

New England Region Yes (1985) 

New York Yes (1985) 

Midwest Region Yes (1985) - probably no damage 
but good fisheries data base 

Pennsylvania Maybe (1987) 

Virginia Maybe (1987) 

Southern Blue Ridge Province ? 

Rocky Mountain Region No 

Far West Region 

Sierras No 

Cascades No 

Florida ? - most likely not affected 
by acid deposition 
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In conclusion, the ability to meet the requirements for a 1985 assessment 

of damages to fish resources is dependent on immediate resolution of which 

species will be included in the assessment and what other characteristics of 

aquatic communities will be used for the economic damage assessment. 

TIMBER RESOURCES 

Outputs 

As conceptualized at the workshop, an assessment of damages due to acidic 

deposition will require two kinds of information about forest resources: 

(1) quantitative estimates of changes in the economic value of the commercial 

timber harvest; and (2) descriptions of changes in forest characteristics that 

can be used in a contingent value elicitation. 

Estimation of the value of the commercial timber harvest with and without 

acidic deposition will require the integration of ecological and economic 

models. The precise form of the ecological data required will depend on which 

economic models are selected and their points of interface with ecological 

models. The concensus of workshop participants, however, was that any economic 

model would require changes in species-specific growth rates as a result of 

acidic deposition. The remainder of this section assumes that changes in 

growth rate are the primary ecological data required and discusses the integra

tion of these data with economic models to produce the ultimately desired 

output, changes in economic value. 

A contingent value elicitation will also require descriptions of changes 

in other forest characteristics attributable to acidic deposition. Examples 

of these cha racteri st i cs di scussed at the workshop inc 1ude changes in tree 

species composition, changes in understory and lichen communities, the extent 

of forest dieback, effects on rare and endangered species, and changes in fall 

coloration patterns. 
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Approach 

The general approach to the valuation of commercial timber resources as 

discussed at the workshop is illustrated in Figure 12. The approach involves 

four components: (1) determination of species-specific growth rate changes; 

(2) incorporation of those changes into simulations of representative stands; 

(3) aggregation of stand simulations to a regional level; and (4) integration 

of economi c models wi th the stand s i mul ator and aggregation to the regi ona 1 

1eve 1. 

Growth rate changes. Species-specific growth rates are being examined by 

the Forest Responses to Anthropogenic Stress (FORAST) project, which involves 

collection and analysis of increment cores from older trees (50+ years) of 34 

species in approximately 88 stands in the Eastern and Midwestern United States. 

Addit.ional data on soil chemistry, stand biomass, and stem density are also 

being collected for each stand. These data, along with meteorological 

information, have the potential to allow isolation of growth rate variations 

attributable to climate, soils, and stand competition. Residual variability 

will then be examined for relationships with a variety of indicators of past 

and present air pollution stress, including gaseous pollutants (primarily 

ozone) and acidic deposition. 

Results from the FORAST program are not yet available and therefore 

represent one of the greatest uncertainties in the approach to the valuation 

of forest resources. Of particular concern is whether or not the sparse data 

base on past and present air pollution stress is sufficient to allow separation 

of growth rate changes due to acidic deposition from those due to other types 

of air pollution. If the FORAST program is unsuccessful in demonstrating 

growth rate changes, an assessment of damages to forest productivity in 1985 

will not be possible. To cover this contingency in terms of future assess

ments, it might be useful to establish a program for screening seedlings and 

saplings. Such a program would yield relative sensitivities of species in the 

short term and perhaps growth rate changes per unit of deposition as a long

term product. 
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-species composition 
-size-class distribution 
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FORET input data 
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data 

Market structure 
Fi rm prac ti ces 
Variable costs of 
harvesting and 
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Age-dependent 
prices 
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procedure 
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strategy (firm-level model) 

Market demand curves 
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groups as determined 
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Procedure for 1985 assessment of damage to timber resources. 



Stand simulations. Assuming that growth rate changes can be documented, 

the next step in the approach involves simulations of representative stands 

both with and without the changes in growth rate, probably using the simulator 

called FORET. This step will require definition of a minimum set of homoge

neous response units based on species composition, size-class distribution, 

soil characteristics, and levels of air pollution stress, including acidic 

deposition. Multiple simulations with stochastic variation of input parameters 

will probably be run to establish a range of output values. A fairly extensive 

data set will be required as input to the FORET model, but it is likely that 

most of the necessary data are presently available either in the Continuous 

Forest Inventory of the U.S. Forest Service or in sets of information 

previously assembled for use with FORET. 

Regional aggregation. Aggregation to the regional level will require 

estimates of the area occupied by each of the stand types simulated with the 

FORET model. These data will likely have to come from the U.S. Forest Service 

Continuous Forest Inventory and forest type maps. An effort to ensure that 

these data are available in a usable form should be initiated very soon. The 

exact nature of the regions used will depend on the precise formulation of the 

economic data and models, but will probably not be smaller than States. 

Extrapolation to the regional level represents another area of considerable 

uncertainty in the approach outlined. The sites being sampled in the FORAST 

program may not include a sufficient range of conditions to allow adequate 

definition of a minimum set of homogeneous response units. 

Integration of economic models. In order to calculate the dollar value 

of timber harvest according to the approach outlined in Figure 12, economics 

models will need to be integrated at the level of the individual firm (i .e., 

an individual timber producer), and perhaps at the market level as well. 

The firm-level model is necessary in order to determine a harvest strategy 

for the stand simulator. The simplest Qpproach would be to assume that each 

individual firm follows an optimal strategy defined such that harvest occurs 

when there is no net gain in value by allowing the timber to grow for another 
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year; that is, harvest occurs when the increase in timber value due to growth 

for an additional year is offset by the opportunity cost of leaving capital 

invested in the standing timber. Such an approach would require a minimum 

amount of information concerning market structure, firm practices, variable 

costs of harvesting and planting, species-specific growth rates, and age

dependent timber prices for each species, and should be fairly easy to imple

ment for the 1985 assessment. 

The basic assumptions of this simple model are that: (1) the real, net 

prices of the marketable resources do not change over time; (2) harvest by an 

individual firm does not affect the market price; and (3) per unit costs of 

harvesting and planting are independent of quantity (i .e., returns are 

independent of scale). In order to use such a model in the manner described 

in Figure 12, it must also be assumed that growth rate reductions due to 

acidic deposition are not sufficient to cause prices to change, and that 

individual firms tend to follow a harvest strategy similar to that incorporated 

in the mode 1. 

Workshop participants, although not intimately familiar with the economics 

of the forest industry in the Eastern United States, felt that some of these 

assumptions were questionable. There was particular concern that present 

demand is substantially less than the potential supply, which would mean that 

the optimal harvest strategy outlined above does not describe the actual 

behavior of individual firms. If this is true, it may be necessary to incor

porate a more complicated market clearing algorithm. 

The market clearing algorithm would incorporate calculations of demand 

for a spec i es or group of speci es as a function of factors such as pri ce, 

prices of substitutes, and exogenous variables, including interest rates, 

number of housing starts, and prices of goods in the product chain. Harvest 

at the level of the individual firm would then be determined on the basis of 

market price and quantity demanded. 
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Incorp.oration of such an algorithm would provide a better estimate of 

regional value of the timber harvest, plus an estimate of consumer surplus. A 

careful evaluation of the availability of specific models for the Eastern 

forest industry, adequacy of data to operate those models, and the associated 

costs and benefits of using alternative models should be made before proceed

ing. 

App 1i cabil ity 

The approach outlined in Figure 12 should be applicable in principle to 

any area where growth rate changes can be documented, where an appropri ate 

stand simulator is available, and where appropriate economic data and models 

exist. Practically, for the 1985 assessment, this probably means that the 

approach can be applied only to unmanaged mixed hardwood and softwood stands 

in the area covered by the FORAST program. Comparable data on growth rate 

changes (assuming that the FORAST program can indeed document such changes) 

will not be available for managed pine plantations in the Southeast or for 

other areas of the United States. 

Application of the approach outlined both with and without changes in 

growth rates due to acidic deposition will provide estimates of both the A(t.)
1 

and B(t i ) components of damage (Figure 3), as well as an estimate of the 

current rate at which damage is occurring B(t
c 

+1)' It will not, however, 

provide an estimate of steady-state conditions at present levels of deposition 

[B(t )]' because long term changes in soil fertility and mobilization of 
ss 

toxic metals are not considered. In the context of economic valuation this 

may not be a particularly serious drawback. Any reasonable discount rate will 

likely imply a shorter time horizon than would be required to reach new soil 

equilibria. In terms of physical damage, however, long-term changes in soil 

characteristics may be among the greatest concerns. 
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OTHER ECOSYSTEM ATTRIBUTES 

Outputs 

The Other Ecosystem Attributes group was charged with developing 

approaches for estimating damages to resources other than fish and timber; 

e.g., wildlife habitats, wildlife populations, and visual qualities. Early in 

the workshop it became apparent that valuation of damage to these resources .. 
individually would probably not be possible. As a result, the group focused 

its attention on an approach for estimating the aggregate value of such damages 

based on a summary description. Such a description, which would be synthesized 

from inputs provided from a number of resource areas, would represent the 

primary output concerning other ecosystem attributes. 

Approach 

The values derived from ecosystems can be generally grouped into two 

categories (Table 5): use activities such as fishing and hiking; and intrinsic 

or nonuse values such as ecosystem diversity and richness. Nonuse values can 

be further characterized as deriving from at least three perspectives: 

1.	 Option value--the value to an individual of maintaining the option
 

of enjoying resource benefits in the future;
 

2.	 Existence value--the value to an individual from just knowing that
 

resources exist; and
 

3.	 Bequest value--the value to an individual of providing resource
 

attributes for future generations.
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Table 5. Use activities and intrinsic values that may be 
affected by acidic deposition. 

Use activities Intrinsic values 

Fishing 
Timber harvest 
Hunting 
Canoeing 
Swimming 
Hiking 
Wilderness camping 
Touring 
Viewing 

Ecosystem diversity and richness 
Existence of natural systems 
Existence of wilderness sytems 
Existence of rare and endangered 

species 
Water c1a rity 

Participants perceived that none of the intrinsic values and only two of 

the use values shown in Table 5 were being considered initially in the groups 

dealing with timber and fish resources. Furthermore, many participants 

believed that the value of damages to intrinsic characteristics such as eco

system diversity and richness may be large relative to damages to fish and 

timber. For this reason it was thought to be very important that an attempt 

be made to value these other damages. 

Use activities can often be valued using market behavior techniques such 

as the travel cost approach, as well as market simulation techniques such as 

contingent valuation. Intrinsic or nonuser values are not reflected in the 

marketplace and can only be estimated through contingent value methods. The 

contingent value approach involves elicitation of individuals' willingness to 

pay for some desired state of a resource. Participants felt that this would 

likely be best accomplished through a summary description of damages to a 

variety of resource attributes such as those shown in Table 6. Those attempt

ing to perform the contingent valuation would need to work closely with 

scientists in order to construct an accurate description of damages. This 
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Table 6. Examples of other ecosystem attributes that may be affected by 
acidic deposition and should be considered for a contingent valuation. 

Watershed Aquatic Terrestrial 

Water clarity Naturally reproducing 
populations 

Rare or endangered species 
Habitat loss 
Ducks, loons, and other 

waterbirds 
Salamanders, frogs, and 

other wildlife 
Water odor 
Benthic algae 
Frog eggs, insects, 

leaches, etc. 

Naturally reproducing 
populations 

Rare or endangerd species 
Habitat loss 
Mortality and dieback 
Speci es mi x 
Fall color patterns 
Forest understory and 

1i chens 
Visibility characteristics 

of air 

description would then have to be converted into a series of questions for use 

in the contingent valuation. The questions would have to be sufficiently 

explicit to provide a clear perception of change, while avoiding creation of 

biases through unfair or leading connotations. Participants felt that the 

summary description might well include damages to fish and fishing opportunity, 

but probably should not include damages to commercial timber. Care would thus 

need to be taken in the interpretation of results to avoid double counting of 

damages to fishing estimated by a travel cost approach. 

Participants pointed out that use of the contingent value approach in 

this manner would represent a considerable extension of the methodology and 

would require developmental work that might or might not be successful (see 

section on VALUATION OF DAMAGE). Many believed, however, that a summary 

description of damages would be useful, even if the economic valuation cannot 

be accomplished, so that these damages are not ignored in the political 

decisionmaking framework. 
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Appl icabil ity 

In theory, the contingent value approach to determining the value of 

other resource attributes would be applicable in any area where damages due to 

acidic deposition can be adequately described. It was the consensus of 

participants, however, that, with the exception of changes in fish populations, 

current physical damages due to acidic deposition are not likely to be exten

sive enough that significant changes could be described in a questionnaire. 

Some participants felt that, pending resolution of methodological problems, a 

contingent valuation of current damage to fish resources should be attempted 

in order to determine the value of those damages to both users and nonusers. 

(The value of current damages to users would also be estimated using the 

travel cost approach). There was strong agreement that a contingent valuation 

of future damages, perhaps expressed as a range with strong qualifiers for 

uncertainty, should be attempted. 
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LATER ASSESSMENTS 

As presently conceived, later assessments will attempt to improve on the 

1985 assessment by: 1) considering additional resources over broader geog

raphic areas; 2) attributing damages more explicitly to SO and NO components
x x 

of deposition, as well as to local versus remote sources; 3) incorporating 

estimates of the effects of alternative future deposition scenarios and better 

estimates of rates of damage; and 4) estimating the utility of various 

emissions control and effects mitigation strategies in reducing damages. The 

probability of achieving these results would be enhanced by the following 

activities. 

WATERSHED RESPONSE 

For assessments after 1985, new methods wi 11 be developed to predict 

steady-state values and time dynamics of pH, [Al], and [Ca] changes for lake/ 

stream size classes within homogeneous response units. Although these methods 

will be generally applicable nation-wide, the extensive databases required 

will probably be developed for only a few sites in the region bounded by the 

southern Appalachians and New England. The methods described previously for 

the 1985 assessment will be used as checks on these new methods. 

Methods for predicting steady-state values and time dynamics of pH, [Al], 

and [Ca] involve simulation modeling of aquatic chemistry changes resulting 

from future scenarios of acidic deposition (Figure 13). The models differ in 

their level of compleXity and the extent of the database required. 
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Procedure Data 

Deta il ed time-
variable process 
model of water
shed and aquatic 
chemistry 

I
 

Simplified time-
variable process 
model of water
shed and aquatic 
chemistry 

Detailed data set for one or a 
few specific sites for the 
detailed process model 

I 

-
[ Model calibration I 

Intermediate complexity data 
set for an intermediate number 
of sites for the simplified 
process model 

\ 

I Model "corrobora ti on" I 
~~ 

Model predictions of pH.
 
[A1J. and [CaJ changes
 -- Future deposition scenarios 
through time for individual
 
lakes and streams
 

-, EPA-CERL a1ka 1i nity ma p t 

I EPA-CERL extent-area of lakes map 
Areal changes in pH, [AlJ. and I EPA-CERL drainage density map~[CaJ by "regions" by lake/stream I
size class 

Other inventories 
-soil sulfate adsorption capacity 
-soil cation exchange capacity 
-hydrologic characteristics 

Figure 13. Procedure for post-1985 future damage assessment of 
watershed response: process models. 
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The homogeneous response units defined by alkalinity classes for the 1985 

assessment may not account for all the variability in the response of water

bodies to acidic deposition. For assessments after 1985, additional properties 

should be used to further def"ine homogeneous response units, including soil 

sulfate adsorption capacity, soil cation exchange capacity, watershed hydrol

ogic characteristics, and organic acid influenced lakes. Maps or databases 

containing this information are not generally available for the region bounded 

by the southern Appalachians and New England. Surveys to provide this 

information must be initiated soon if results are to be available for the 1987 

assessment. 

FISH RESOURCES 

The post-1985 assessments will differ from the 1985 assessment in three 

ways: (1) more extensive use of mathematical models to make damage predic

tions; (2) inclusion of more water quality parameters in the dose response 

functions; and (3) generation and evaluation of mitigation alternatives. 

More extensive use of mathematical models to predict current and future 

damages is largely dependent on two elements (terms) used in the damage predic

tion method (Figure 10). First, and more critical, is the development of 

re 1i ab 1e procedures to predi ct water qua 1ity parameters in the future (see 

discussion in WATERSHED RESPONSE section). If both the shape of the function 

and the length of time it takes to reach steady state are predicted, then 

annual or 10-year increments of loss can be generated. Use of an annual time 

step for calculating losses is inherently more difficult from the biological 

point of view because it requires much more detailed knowledge of how the fish 

populations will respond to relatively small changes in pH. It would seem 

inadvisable to deal with detailed species life-stage population dynamics in 

the 1985 assessment considering both the desirability of consistency with the 

water quality (pH) predictions and the fact that such an approach would require 

inclusion of a large number of assumptions (about fish life-stage responses) 

having unknown uncertainties. Selection of a longer time step (e.g., 10 
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years) means that fish response may be dealt with at a coarser level. For 

example, loss of reproduction, for which some empirical information exists, 

might be used to estimate presence or absence of fish after 10 years without 

accounting for annual population variations. Using the empirical information 

it may then be possible to estimate the magnitude of the uncertainty associated 

with the less detailed assumptions needed when using a longer time step. 

Second, and less important (assuming that the proposed method of estimating 

Potential Fish Habitat is valid), is empirical refinement of the species 

criteria sets. Once again, these dose-response relationships depend on the 

assumption that fish presence or absence across lakes with varying pH can be 

used to predict the response of fish in a given lake as the pH changes. If 

both of these activities are successful, then credible damage predictions can 

be made. 

Current planning provides for inclusion of free aluminum [Al] and calcium 

[Ca] in the prediction of the fish presence (or absence) dose-response function 

depicted in Figure 11. This assumes both that the amounts of Al and Ca present 

can be predicted and that research needed to integrate these elements into the 

dose-response function will be completed. As mentioned earlier, even greater 

uncertainty exists concerning how to deal with colored waters. 

The primary mitigation alternatives currently being considered for eval

uation are: (1) reduction in acidic deposition; (2) fish stocking to maintain 

fish populations where reproduction has failed but adults can survive; and 

(3) liming of the affected waters to counter continued acidification and/or 

rehabilitate acidified waters. The first two alternatives can be evaluated 

using the approach described in the earlier sections concerning FISH RESOURCES. 

However, dealing with the effects of liming on the predicted response of fish 

communities will require development of an additional set of models and 

investigation of differences in response of fish communities in limed waters. 

If fish communities do respond differently, then additional research will be 

required to reformulate the dose-response functions. 
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TIMBER RESOURCES 

To the extent possible, later assessments of timber resources should 

attempt to improve on the 1985 effort in two areas. First, assuming that the 

FORAST approach is able to demonstrate changes in growth rates due to acidic 

deposition, coverage should be expanded to include other important resources, 

such as the pine plantations of the Southeast and the commercially important 

species of the Western United States. Second, an attempt should be made to 

evaluate the potential effects of long-term changes in soil chemistry (e.g., 

fertility, mobili~ation of metals) that may affect tree growth. 

Evaluation of the importance of long-term changes in soil fertility will 

likely require the use of more detailed mechanistic models that consider plant 

physiology, soil hydrology, and soil chemistry (Figure 14). One candidate is 

the Unified Transport Model (UTM) currently in use at Oak Ridge National 

Laboratory. Although this model does not presently contain hypotheses describ

ing the impacts of acidic deposition on soil chemistry, the model framework is 

probably amenable to the necessary modifications. Close interaction between 

model development activities and the design of experimental programs would 

contribute to more relevant research and to a more credible model. It is also 

worth noting that such models will be very similar if not identical to the 

detailed watershed models needed to predict changes in surface water chemistry. 

The ultimate goal of using such a mechanistic model would be to develop 

more refined estimates of growth rate changes under a variety of deposition 

scenarios. Data presently being collected by the FORAST program could be used 

to corroborate the growth rate changes predicted by the more detailed model. 

However, because mechanistic models require extensive data sets, it is likely 

that some degree of simplification, perhaps through regression analysis 

performed on the output of the detailed model, would be necessary before the 

results would be useful for assessment purposes. 
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Figure 14. Procedure for post-1985 assessment of damage to timber resources utilizing
detailed mechanistic models. 



OTHER ECOSYSTEM ATTRIBUTES 

The contingent value method described for the 1985 assessment could also 

be used for later assessments. Experience gained in the 1985 assessment would 

probably contribute greatly to later efforts. Future applications would also 

be improved to the extent that expectations of damage at various deposition 

levels could be described with greater certainty. 
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DISCUSSION 

SPATIAL SCALE AND AGGREGATION 

There was considerable concern voiced at the workshop with regard to 

definition of spatial analysis units and methods for aggregating those units 

to larger areas for regional damage descriptions and economic analyses. Some 

participants seemed to feel that there was a need to define spatial units in 

the same way for all resources and to define a single region to which the 1985 

assessment would be applicable. 

The first of these concerns, whether or not spatial subunits should be 

identical for all resources, should be considered in the context of how to 

defi ne an a rea of homogeneous respon se. For example, can all 1akes ina 

county or State be expected to respond in the same way to a given level of 

deposition? In all probability the answer is no. Response of an individual 

lake is likely to vary as a function of factors such as soil characteristics 

and size of the surrounding watershed, and depth and volume of the lake. 

Similarly, can all forests in a county or State be expected to respond in the 

same way to a given level of deposition? Again, probably not, because forest 

response is likely to depend on a variety of factors such as soil type, species 

composition, and stand density. 

From this point of view, the question becomes one of establishing, given 

current information, those characteristics that can most likely be used to 

identify areas where responses to a given deposition level will be similar. 

\ Because it is unlikely that these characteristics will be the same for all 
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resources, it is also unlikely that a single set of spatial subunits will be 

adequate for all resources. The concern should therefore be how best to 

define homogeneous response units for each resource, rather than a single set 

of subunits appropriate for all resources. 

However, definition of such characteristics is not the only criterion of 

interest when there is a need to aggregate information from the spatial sub

units to represent larger areas. When aggregation is necessary, care must be 

taken to insure that the quantity of resource in each smaller unit can be 

assigned to one and only one of the larger units. That is, if the larger 

analysis area is the State of New York, and the smaller unit is a 10-ha stand 

of maple-beech forest, it must be possible to determine how many hectares of 

maple-beech forest exist in New York in order for the aggregation to be 

successful. The general feeling at the workshop was that the response units 

being chosen for each resource were sufficiently small that aggregation to any 

scale suitable for economic analysis would be possible. 

The second concern (i .e., whether or not all resources should be consid

ered only in a single, common region for the 1985 assessment) is perhaps less 

significant. There is reasonable agreement that the 1985 assessment should 

incorporate as much information on damages as possible. To the extent that 

different resources have been studied in different areas and are affected in 

different ways by deposition, this implies different overall analysis areas. 

What is important, however, is to ensure that the spatial limits of the 

analysis are well specified in each case so that problems of double-counting 

and omission are avoided. 

Homogeneous response units for the watershed, water chemistry, and 

fisheries analyses will probably be defined by lake size classes « 20 ha, 

20-100 ha, 100-200 ha, and> 200 ha) within surface water alkalinity classes 

(based on regional alkalinity maps by EPA-CERL). The alkalinity classes seem 

to be the best indicators currently available for integrating the response to 

acidification of a "number of potentially important watershed factors and I 
! 
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processes. Lake size classes are important because of potential differences 

in acidification rates and presence and density of fish populations. Stream 

size classes are thought to be important for the same reasons but the appro

priate size classification scheme has not yet been determined. 

The homogeneous response units based on watershed response may not be 

consistent with analysis units required for the various economic valuation 

techniques. The regional characterizations of pH change are based on extra

polations from individual sampling stations, which have spatial location 

stored as part of the database. Therefore, regional results can probably be 

disaggregated back to individual lakes or smaller geographical areas, then 

reaggregated into uni ts appropri ate for economi c ana lys is (e. g., pol it i ca 1 

boundaries, or zones of travel from major metropolitan areas). 

Homogeneous response uni ts for the val uat i on of commerci a1 timber wi 11 

likely be representative stands defined on the basis of species composition, 

size class distribution, soil characteristics, deposition level, and perhaps 

other factors, such as moisture and light regimes. The degree of detail used 

in defining such units will, in large part, depend on the amount of detail 

available in existing inventories. It was considered highly likely that the 

inventories would contain sufficiently detailed information to allow aggrega

tion to any level suitable for economic evaluation (i .e., the State level or 

larger). 

\ 

The basic spatial unit identified at the workshop for a contingent valua

tion of other resource attributes was a region such as the Northeastern United 

States. However, two important issues remain unresolved. The first pertains 

to the domain of the sample. Should the elicitation instrument be distributed 

only to individuals residing in the area for which the damage is described, or 

to individuals in some larger area because they may have use or nonuse 

(eXistence) values associated with the damaged area? A pretest of the 

contingent value approach is essential for resolving this question. The 

sec 0 ndun res 0 1vedis sue con cern s met hod s for aggreg atin g to, say, a Nat ion a 1 
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assessment. If an integrated assessment is required at the National level, it 

may not be appropriate simply to sum the results of individual regional 

analyses. There is some reason to suspect that a .given individual may respond 

differently to two separate inquiries about damages to two areas than he would 

to a single inquiry about combined damages in the two areas. A valuation of 

damages at the National level may therefore require a single elicitation which 

describes damages throughout the Nation. 

UNCERTAINTY ISSUES 

The consensus of the workshop was that there would be large uncertainties 

associated with estimates and projections of physical and economic measures of 

damage due to acidic deposition. Responsible input to decisions must contain 

an explicit treatment of these uncertainties. Characterization of uncertainty 

and the extent to which that uncertainty might be reduced by additional data 

collection serves an additional function in the 1985 assessment in gUiding the 

emphasis on various areas for later assessments. Many parts of the 1985 

assessment discussed at the workshop involve methodological extensions or 

developments. This introduces another level of uncertainty in the assessment 

framework itself. Estimation of some damages (e.g., fish) is dependent on 

estimation of other damages (e.g., pH changes) in the framework. There is 

uncertainty at this point about whether sufficiently precise methods in earlier 

stages will be refined in time to allow application of methods involved in 

later stages. This is especially apparent in the relationship of the FORAST 

analysis to FORET simulations in the assessment of timber damages. 

Several types of uncertainty were identified in the estimation and predic

t i on of damage: 

1.	 Underlying stochastic properties such as future precipitation events 

not amenable to reduction by increased data collection; 
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2.	 Measurement error such as uncertainty in current fish populations 

that is amenable to reduction by more intensive sampling. This 

would include both error in state variables and parameter estimates 

in a predictive model; 

3.	 Model selection including the possibility that models selected are 

fundamentally inappropriate or contain poor assumptions. 

There was a strong feeling expressed at the workshop that uncertainty 

associated with model selection could be large and might dominate other more 

easily specified sources of uncertainty. A particularly difficult type of 

mode 1 selection error ina reg i ona1 or Nat i ona1 assessment stems from the 

definition of homogeneous response units and their subsequent aggregation. 

This problem is common to many of the resource damage calculations. There is 

considerable uncertainty as to how many FORET simulations are necessary to 

represent adequately the range of site conditions in the Northeast or how many 

alkalinity or lake size classes are necessary to represent the variance in pH 

and fish population responses. Subsequent aggregation will include as error 

all the vari ance in response wi thi n what have been assumed or defi ned to be 

homogeneous response units. Approaches based on subjective elicitation seemed 

the only reasonable way to represent uncertainty associated with some aspects 

of model selection. 

The workshop did not achieve a clear resolution or even a full discussion 

of uncertainty issues. Rather, the focus was on how various parts of a deter

ministic assessment would fit together. The following section briefly 

describes the major areas of uncertainty identified by each of the resource 

subgroups. A possible approach to an integrated representation of uncertainty 

is to cast later assessments in a Bayesian decision analysis framework (e.g., 

Keeney 1982). This option was not fully discussed at the workshop and pertains 

more to a conceptual ization of the assessment as a choice among decision 

opt ions (Fi gure 4) than as a current damage eva 1uat ion (Fi gure 3). Nonethe

less, it could be included in the 1985 assessment as a way of summarizing 

estimates of uncertainty for the decision option of current deposition rates. 
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Furthermore, if estimates of potential reductions in uncertainty from addi

tional work could be obtained, such an approach could guide the allocation of 

effort for later assessments. To be effective in this regard it would need to 

be implemented before that effort is i rrevers ibly committed. Thi s approach 

would be heavily dependent on Bayesian subjective elicitations and might be 

severely constrained by the ability to formulate clear decision options and 

decision criteria or an objective function. 

Major Areas of Uncertainty 

Watershed respon se. The pri mary uncerta i nty in the watershed respon se 

analyses concerns the extrapolation of alkalinity changes from individual 

trend stations or simple modeling of individual lakes to regional areas. An 

assumption that will probably be made for the 1985 assessment is that all 

water bodies in a lake size/surface water alkalinity class will react the same 

to current deposition. However, it is possible that differences in factors 

such as watershed soil characteristics, type of lake (e.g., seepage versus 

drainage), and water color may cause lakes in the same size/alkalinity class 

to react differently. The potential variability of response within the homo

geneous response units chosen for the 1985 assessment is the major source of 

uncertainty associated with the regional extrapolation. In as much as 

est i mates of fi sh losses are based on the regi ona 1 characteri zat i on of pH 

change, this uncertainty will be propagated through the fisheries analysis. 

Fish resources. The major uncertainties in the fish resources calcula

tions concern estimation of the baseline status of the resource and the 

functional response to pH change. Error will be introduced in the estimation 

of basel i ne status through the set of assumptions (for each speci es) that 

define potential adequate habitat. Errors will be introduced in the functional 

response to pH change by not including additional effects of inorganic 

monomeric aluminum. 
I 
./ 

Other questions· related to these major uncertainties concern: (1) the 

relative importance of excluding colored waters from the assessment; 
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(2) whether or not the empirical relationships between current pH and fish 

presence (whi ch wi 11 be deve loped duri ng the course of the assessment) truly 

represent the future response of fi sh in other 1akes to changi ng pH; and 

(3) the relative importance of other fish and organisms to the species selected 

for the assessment (i .e., have the correct indicator species been selected). 

Timber resources. The primary area of uncertainty in the calculations of 

damage to timber resources concerns the degree to which the FORAST analysis 

will be able to identify growth rate changes and more specifically to separate 

those changes attributable to acidic deposition from those attributable to 

other factors such as gaseous poll utants. Uncerta i nty in thi s measurement 

will propogate through the FORET simulations and economic analysis. If 

significant changes in growth rate due to acidic deposition cannot be identi 

fied in the FORAST analysis, an assessment of the economic value of damage to 

commercial timber will not be possible in 1985. 

Other ecosystem attributes. Results of a contingent value elicitation 

based on a summary damage description will be sensitive to the survey design 

in a number of ways. These unresolved methodological questions could thus 

introduce considerable error in the final dollar valuation. 

A particularly difficult methodological question is whether estimates of 

the scientific uncertainty concerning the likelihood of various effects should 

be directly incorporated in a contingent value elicitation. The prevailing 

opinion at the workshop was that the summary description should include 

estimates of uncertainty allowing some discrimination between highly certain 

effects and other possible effects. This may make the description too complex 

to be readily understood, however. This issue can only be effectively resolved 

through careful pretesting of the contingent value elicitation instrument. 
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SUMMARY AND RECOMMENDATIONS
 

THE 1985 ASSESSMENT 

Components of Damage 

A considerable amount of progress was made at the workshop toward consen

sus on a precise set of definitions of the components of current damage. 

These definitions are depicted in a preceding section as Figure 3, which is 

repeated here as Figure 15. There are two fundamentally different and 

independent components of relevant current damage. The A(t ) component is the 
c 

difference between the current state of the system and the hypothetical current 

state of the system if there had been no history of acidic deposition (Figure 

15). The B(t.) component involves knowledge of the future trajectory of the, 
system under current deposition rates. The B(t.) component is the sequence of, 
differences between the current state and the projected trajectory of future 

states under current deposition rates. This component of damage contains a 

tremendous amount of information and will not be possible to address for all 

resources in the 1985 assessment. Two especially important types of informa

tion contained in the B(t.) definition are the current rate of change, depicted, 
as B(t + )' and an estimate of the difference between the current state and c 1
the steady (no further change) state, depicted as B(t ) (Figure 15). These . ss 
parts of the B damage component can be estimated in some cases without project

ing the entire sequence of values under current deposition rates. 
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Coverage 

Table 7 provides a summary of information on watersheds, fish resources, 

timber resources, and other ecosystem attributes that should be available for 

the 1985 assessment. The following sections on individual resources elaborate 

on the information in Table 7. 

Watershed response. Changes in surface water a1ka 1i nity will be deter

mined by time trend analysis for water quality stations in the ACID data base. 

These stations are distributed throughout the United States, with some 

geographic areas more intensively sampled than others. The analysis of 

alkalinity trends and the extrapolation from trend stations to regional areas 

(e.g., based on alkalinity classes) will be more robust in these more intensely 

sampled areas. 

Changes in pH will be estimated from alkalinity trends. Techniques are 

currently available for making these estimates for low color lakes and streams 

and are being developed (but may not be available by 1985) for high color 

water bodies. Independent methods exist to estimate the current rate of pH 

change and future steady-state pH under current depos it ion. However, the 

current rate of change cannot simply be extrapolated to the steady-state pH to 

determine the time to reach that value. Estimates of [Al] (aluminum concentra

tion) change,s will not be available for the 1985 assessment. Estimates of 

changes in [Ca] (calcium concentration) may be available. 

Changes in water chemi stry wi 11 not be economi ca lly va 1ued in the 1985 

assessment in a direct way. Rather, water chemistry changes will be used to 

predict effects on fish habitat, which will in turn be used as input to an 

economic analysis. 
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Table 7. Summary of information on watersheds, fish resources, timber resources, and 
other ecosystem attributes likely to be available for 1985 assessment. A(t )' B(t +1)'c cB(t ), and B(t.) are defined in Figure 15. ss , 

Physical damage 
Qual'itative 

Resource 
category Damage 

Geographic 
area 

description 
only 

Quantitative estimate 
A(tc) B(tc+1) B(tss ) BCt i ) A(tc) 

Economic value 
B(tc +1) B(tss ) B(t i ) 

Watershed Alkalinity changes in Entire U.S., given con x x x 
response lakes and streams. straints of ACrD da

base. 
ta

0"1 

pH changes in low 
color lakes and 
streams (techniques 

Entire U.S., given 
straints of ACID da
base. 

con
ta

x x x 

\0 under development f
high color lakes an

or
d 

Fish and 

streams) . 

Changes in area of Northeastern U.S. x x x 
other lakes and length of 
aquatic streams supporting
resources selected fish species. 

Changes in dollar value 
of fishing activity. 

Impacts on benthos, 
plankton, salamanders, 
frogs, and waterfowl. 

Northeastern U.S. x x x 

Specific research sites. x 



------------------------------------------------------------------------------------------------------------------------------------------------

Table 7. (concluded) 

Physical damage 

Qua 1ita ti ve 
Resource Geographic description Quantitative estimate Economic value 
category Damage area only A(t ) B(t + ) B(t ) B(t i ) A(t ) B(t +1) B(t ) B(t i )c c 1 ss c c ss 

Timber and Changes in growth rates Portion of Eastern and x
 
other for 34 species included Northeastern U.S. covered by

forest in FORAST program. FORAST program.
 
resources
 

Changes in standing Portions of Eastern and x x x
 
timber and harvest in Northeastern U.S. covered
 
unmanaged mixed hard- by FORAST program.

wood and softwood
 
stands.
 

Changes in dollar value Portions of Eastern and x x x
 
of harvest from unman- Northeastern U.S. covered
 
aged mixed hardwood by FORAST program.

and softwood stands.
 

'-J	 Changes in species Portions of Eastern and x0	 composition of unman- Northeastern U.S. covered 
aged mixed hardwood by FORAST program. 
and softwood stands. 

Impacts on lichen Specific research sites. x
 
cOl1l11unities
 

Extent of forest die- Eastern and Northeastern x 
back.	 U.S. 

Rare and endangered Entire U.S. x
 
species distributions
 
relative to deposition.
 

Other eco SUl1l11ary description of Northeastern U.S. ? xsystem damages listed above, 
attributes exclusive of cOl1l11ercial 

timber damages (perhaps
 
will also be extended to
 
include descriptions of

damages to materials).
 



Fish resources. Physical damage estimates will be made for the North

eastern United States in the form of change in area of lakes and length of 

streams supporting fish populations. Which fish species can be included in 

the 1985 assessment is still open to question. It should be possible to 

estimate physical damage at present compared to preacidification levels 

[A(tc )]' the amount of damage for the current year [B(tc +1)]' and the amount 

of damage between current condi t ions and future steady-state condi t ions at 

current deposition rates [(B(t ss )]' 

The travel cost method for val ui ng the changes in fi sh habi tat shoul d 

yield dollar estimates for all three physical damage components. The increment 

of loss from preacidification conditions to the present [A(\)] will require 

information on current travel costs and assumptions about past distributions 

of the fishery resource and fishing effort. The economic value of fishery 

losses in the current year [B(t + )] can be estimated without additional c 1
assumptions. The dollar value of losses between current conditions and future 

steady-state conditions [B(t )] can be estimated only by assuming a value for ss 
the time required to reach steady state. 

It should also be possible for the 1985 assessment to provide descriptive 

information concerning the impacts of acidic deposition on benthos, plankton, 

salamanders, frogs, and waterfowl, at least for specific research sites. Such 

descriptions will probably be sufficient for use in a contingent value 

elicitation. 

Timber resources. The FORAST program is attempting to document, for 34 

Eastern tree species, changes in growth rates over the last 50+ years not 

attributable to variations in soils, climate, and competition. Residual 

variab'ility will be examined for relationships with various components of air 

pollution stress, including acidic deposition. To the extent that these 

investigators are successful, the changes in growth rates due to acidic 

deposition will constitute a useful description of physical damage. 
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Additional i,nformation on physical damage will likely be obtained by 

incorporating growth rate changes in a stand simulator. By defining a set of 

representative, predeposition stands and simulating their behavior through 

1985, both with and without acidic deposition, it should be possible to obtain 

estimates of the loss to date [A(t )] and current annual loss [B(t + )] of 
c c 1

standing timber and harvest. Estimates of the areal extent of each of the 

stand types will also be necessary in order to sum these effects for large 

spatial regions. Continuation of these simulations into the future assuming 

constant deposition at current levels should also provide an estimate of the 

expected future damage [B(t )]. Estimates of the total damage at some new
i 

steady state [B(t )] will not be possible, however, because long-term changesss 
in soil conditions are not accounted for in the approach described. 

Valuation of the changes in harvest in dollar terms will require integra

tion of an economics model for determining harvest strategies with the stand 

simulator. The complexity of the economics component required may vary 

considerably depending on current market structure and firm practices. Work

shop participants were not sufficiently familiar with either the forest 

industry or currently available economic models to determine how complex the 

economi c model wi 11 need to be. Assumi ng, however, that such a model can be 

integrated with the stand simulator, estimates of the dollar value of the 

A(t ), B(t +1)' and B(t.) components of damage should be possible.c c , 

In addition to the above information, it should also be possible to 

provide descriptions of changes in species composition, changes in lichen 

communities, the extent of forest dieback, and distributions of rare and 

endangered speci es wi th respect to deposition 1eve1 for use ina contingent 

value elicitation. 

Other ecosystem attri butes. The task of the group deal i ng wi th Other 

Ecosystem Attributes evolved during the course of the workshop and, as a 

result, the group spent the majority of its time discussing application of a 

contingent value e1tcitation. As currently envisioned, the task of this group 

72
 



c

would be to develop, in cooperation with scientists from each of the other 

resource groups, clear descriptions of damages due to acidic deposition. 

These descriptions would then be used to elicit information concerning individ

uals' willingness to pay either to rectify existing damages or to avoid future 

damages. It is not at all clear at the present time that current damages to 

resources other than fish are sufficiently large and/or that those damages can 

be sufficiently well described to warrant an attempt to value them [the A(t ) 

component in Table 7]. Such an attempt may be justified, however, simply to 

est imate the nonuse values associ ated wi th current damage to the fi shery 

resource. It is also likely that such an approach could be used to estimate 

willingness to pay to avoid a scenario of future damage. Table 7 shows this 

as an estimate of the B(t ) component of damage. It should be noted, however, ss 
that the estimate will actually pertain to the state of resources at some 

relatively non-specific time in the future (e.g., 30-40 years) and that 

individual resources might or might not have reached a new equilibrium by that 

time. 

LATER ASSESSMENTS 

Watershed Response 

The primary improvements that need to be made in ,the watershed response 

ana lyses for post-1985 assessments i ncl ude: (l) better defi nit i on of homo

geneous chemical response units; (2) development of techniques to estimate the 

time dynamics of pH change including pH change in high color lakes and streams; 

and (3) development of techniques to estimate changes in [Al] and [Ca] assoc

iated with predicted pH changes. Better definition of response units wi 11 

probably requi re surveys of soil sulfate adsorption capaci ty, soil cation 

exchange capacity, watershed hydrologic characteristics, and organic acid 

influenced lakes (high color). Output from these surveys would likely be maps 

similar to the regional surface water alkalinity maps done by EPA-CERL. This 

information may also be useful in better estimating the effects of acidic 

deposition on forests. These surveys wi 11 have to be started very soon if 
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results are to be used in the 1987 assessment. Time-variable process models 

of watershed and aquatic chemistry are being developed or are planned to 

provide time dynamics of pH change, including high color water bodies, and 

concomittant [Al] and [Ca] changes. These models will not necessarily be 

useful in evaluating chemical mitigation options such as liming. Because 

these models will be data intensive and therefore used for only a small number 

of lakes, techniques used in the 1985 assessment will also be used in conjunc

tion with these models to provide regional characterizations of watershed 

response. 

Fish Resources 

Assuming that the required outputs do not change from the 1985 assessment, 

refinements that will have the greatest effect on the quality of the post-1985 

assessments center on inclusion of inorganic monomeric [Al] and [Ca], a better 

understanding of the response of the selected species to all water quality 

parameters, and a refined definition of the criteria sets for describing 

potential habitat for the assessment species. Questions of the adequacy of 

the spatial units as currently defined cannot be addressed until attempts have 

been made to use them in predicting physical and economic damage to the 

resource. The same is true concerning the adequacy of the database that will 

be generated to describe the current status of the aquatic resources. The 

need for inclusion of other geographic areas of the U.S. cannot be assessed 

until some estimate of the relative susceptibility (risk) of these areas has 

been made. 

Timber Resources 

To the extent that the approach outlined is successful for the 1985 

assessment, it shoul d also be app 1i cab 1e for 1ater assessments. The pri mary 

information needs for later assessments will probably include: (1) changes in 

growth rates for commercially valuable species in other areas of the U.S. 

(e.g., the Southeas~ and Northwest); (2) stand simulators applicable to those 

areas and species; and (3) economic models applicable to those areas and 
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species. In addition, careful consideration should be given to the possibility 

of utilizing more detailed mechanistic models to evaluate the potential for 

long-term changes in soil fertility due to acidic deposition. 

Other Ecosystem Attributes 

The approach described for other ecosystem attributes should be applicable 

to future assessments, but wi 11 hopefully be refi ned based on experi ence 

gained in the 1985 assessment. In addition, ~he approach may be more useful 

for future assessments if the scientific uncertainties associated with various 

alternative deposition scenarios can be reduced. 

RECOMMENDATIONS 

Watershed Response 

•	 A simplified procedure should be developed to estimate the length of 

time to reach steady-state pH (assuming current deposition) from the 

independent estimates of rate of pH change and steady-state pH 

discussed for the 1985 assessment. If initiated soon, results of 

this procedure development might be available for the 1985 assess

ment, but there were no specific ideas at the workshop as to what 

such a procedure might entail. 

•	 A relationship should be developed to relate [Al], [DOC] (dissolved 

organic carbon concentrations), alkalinity, and pH so that [Al] 

changes associated with acidification can be estimated in both low 

and high color lakes. This will not be available for the 1985 

assessment. 

•	 Homogeneous chemical response units should be better defined. The 

surveys required to better define these homogeneous chemical response 

units (intensive water quality surveys, soil sulfate adsorption 
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capacity~ cation exchange capacity, watershed hydrologic character

istics, and organic acid influenced lakes) should be initiated 

immediately if results are to be available for the 1987 assessment. 

Fish Resources 

• For the 1985 assessment recommended actions are: 

formulate a preliminary risk assessment for species present in 

waters stratified by lake (stream) size class and alkalinity 

class; 

estimate the relative economic importance of the species present 

within the assessment area; 

use the risk assessment and relative economic importance (above) 

to make a final selection of the species to be included in the 

assessment; 

specify (develop) criteria sets for defining II potential habitat ll 

for the selected species; 

construct and implement the experimental design to establish 

the current status of the fi sh resources and the empi ri ca 1 

relationship between species presence and pH (NOTE - biological 

and chemical surveys should be integrated); and 

conduct data samp 1i ng exerci ses structured to estimate error 

associated with use of species criteria sets to estimate 

II potential habitat ll 
• 
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•	 For post-1985 assessments, recommendations based on anticipated 

needs are: 

initiate a research to define the functional relationship 

between pH, [Al], and [Cal for the selected species; 

initiate a project to ascertain the validity of the empirical 

relationship between pH and probability of fish presence; and 

attempt to determine the relative importance of other fish and 

organisms to the selected species (may require reformulation of 

the predictive models). 

Timber Resources 

•	 The effects program should be augmented to provide data on young 

trees in order to: 

enable an assessment in 1985 of species at risk if the FORAST 

program is unable to quantify growth rate changes; and 

provide additional information on age-specific damage 

sensitivity. 

•	 An analysis of the sensitivity of FORET simulations to species 

growth rate changes such as might be generated by the FORAST program 

should be performed immediately. 

•	 If the above ana lysi s i ndi cates that differences in harvest and 

stand dynamics may be significant, identification and implementation 

of appropri ate economi c models shoul d proceed qui ckly in order to 

ensure availability for the 1985 assessment. 
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• An effort should be initiated very soon to identify available forest 

inventory information and verify that such information: 

is sufficient to define a set of stand types that could be 

expected to respond homogeneously to a given level of acidic 

depos it ion; 

is sufficient to estimate the 

by each of the stand types; and 

quantity of resource represented 

results in a sufficiently small set of stand 

simulation of the dynamics of each is feasible. 

types such that 

• If a mechanistic model of soil chemistry, soil hydrology, and plant 

physiology is to be useful for later assessments, planning for its 

incorporation in the assessment design should be initiated soon. 

General 

• Form an advisory committee 

study val ui ng the di fferent 

operate at the stages of: 

of scientists and economists for each 

effects areas. The commi ttee shoul d 

methods development; 

pretesting; and 

application. 

• Prepare a summary of the overall spatial focus (units of homogeneous 

response) and aggregation strategy including contributions to 

uncertainty. 
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• Identify projects to be used for analysis of uncertainty character

istics by the American Statistical Association in Summer, 1983. 

• Evaluate the extent to which uncertainty estimates (including 

subjective elicitation data) in the 1985 assessment can be refined 

or supplemented in order to provide clearer probability statements 

about the alternatives in the 1985 assessment and better estimates 

of the relative potential of future work to reduce uncertainty. 

• Immediately review the rationale 

being given concentrated study. 

for selection of species or areas 
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