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PREFACE 

CONSAD Research Corporation prepared this Subject Rl)L: r cncc 
under Contract Number 68-01 -311 6 for the Office of Research :v•<l 
Development, Envirorunental Protection Agency. The n1ateriab c.:0n­

tained herein are largely based upon a workshop atte!lded by a pp ; 1. 

mately 70 participants held in Tyson 1 s Corner, Virginia, from . . ,! J 
to June 25, 1975. The purpose of this Subject Reference is to pe, ·,. ' k 
the benefit-cost p ractitioner (and specifically those who partici p :i '. ~1 

in the workshop) with a single doct.:..rnent presenting the various r) _, 1.,,.ghLs, 
concerns, solutions, etc. , of those who attended the workshop. 

This report consists of three chapters plus an Executive Suon ­

rnary. 

In the introductory chapter, the problem context of benefit-cost 
analysis vis-a-vis toxic substances, hazardous mate.r ials , and :;;o l i.d 
waste control is presented. The seven predete rmined probl ern : . ···::i )3 

which were utilized to focus the workshop efforts are identified, .t. c .: 

Economic impacts iproduction net benefits; 

• Environmental/ ecological effects; 
Human health effects; 
Integrating non-conunensurables; 

• Equity/long-term impacts; 
Risk; and 
Sequential approaches I effective alternatives. 

In Chapte r 2. 0, the regulatory context for toxic substances, 
hazardous materials, and solid waste control is presented, including 
a brief discussion o:f the recently passed Toxic Substances Control 
Act of 1976. 

Chapter 3. 0 of this report first contains excerpts from the open­
ing remarks of the three-day workshop \vherein various areas <>.menable 
to benefit-cost analysis are discussed. Then, the reports,. of each 
working group (corresponding to each of the seven problem areas delin­
eated above) are presented. 
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EXECUTIVE SUM:i\'lARY 

1. 0 btroduction 

This Subj ect Reference for Benefit-Cost Analysis of To;ci r S " b-
s tances, Hazardous Materials, and Solid Waste Control pres ,, 
cussion of methodological issues for conducting benefit-cost d. . ~ -; 

and provides guidance for selecting and applying the most appro?ri.'3 te 
and useful mechanisms in benefit- cost analysis of toxic substa!1u ·; , 
hazardous materials, and solid waste control. 

Benefit-cost analysis, as us ed in this Subject Reference, is a 
broad term, having the connotation of a "scientific method. !I Lis 
meant to be l ess restrictive than the formal definition which in ci1.ur-;, 
an implied emphasis on mone tary measurement of all benefits and 
cos ts . 

Benefit-cost analysis is presumed to be a part of the overa ll 
decision process, not a replac em ent for it, or a substitl~te for the 
experi<::!nce a:id judgm.ent of foe dec i sion-ma..1<ers . J:"ht:: major s in;ngli~ 
of benefit - cost analysis, and its most prominent feature, is :ts emrha :;is 
on formal arrangement of data and repetitive calculating procedul·es . 
Those areas which are rightfully handl ed by experience and judgm l!nt, 
and for which analytical techniques are not sufficiently developed, are 
identified as such, and are brought into sharp relief with respect to 
the monetary benefit and cost structure of the a;ialysis. 

2. 0 Discussion of Problem Areas 

It is a characteristic of detailed b enefit -cost analysis that judg­
ments are required at many stages . This featur e is certainly pres e nt 
in analysis involving toxic substances, hazardous materials , and solid 
waste control. The scope of thes e studies is widely varied, a!ld the 
l imitations of time and funding imposed by the typical regulatory con ­
t ext require j udgments on the part of the analyst as to what to include 
and to what lev el of detail to include. Therefore, this Subjec: Refer­
ence emphasizes the separation of compon ents where the analysts arc 
making judgments and assumptions , and provides guidance to them in 
identifying these areas for the decision-makers. 
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This Subject Reference is intended to provide guidance to all 
levels of the decision-making process, emphasizing the working ana­
lysts as the major audience, although this group is recognized to 
include a wide variety of personnel, experience, and sophistication 
in benefit-cost techniques. Thus , some of the sections are more 
general in nature and provide background for those less familia r with 
the details of benefit-cost analysis. Other sections provide current 
state-of-the - art or " avan t garde" approaches to obtaining solutions 
for monetary and non-monetary values required in the accomplishm ent 
of benefit-cost analysis. 

It is the nature of the subject matter that the impacts and effects 
of significance and importance very quickly become specific to the 
partic ular alternative actions i..'l question. The specificity is influenced 
by the nature of the transport models, i.e., the n1echanisms hy "vhich 
the substances dispose through and influence the environment. These 
physical processes are partly a function of the technology in use. B u t 
both the technology and the bas i c physical mechanisms influence the 
available control schemes. In other words, time, nature, and the 
technology available greatly influence the alternatives available for 
analysis. In addition, the measurement and analvtical technologies 
availa.b~e to go.in in8ight into fo.e relative merits of so~utions and th~ 
data to support their application are prirn.e factors in determining the 
structure of the analysis its elf. Techniques for measuring benefits 
and costs in dollars, and for connecting them to very precise physical 
measurements have steadily improved as scientists have developed 
practical methods for use by the field investigators and bicassay tech­
nicians . Thus, the state-of-the-art, from the benefit-cost practitioner 1 s 
standpoint, is advancing rapidly, and impacts are traced and measured 
which were previously unimagined, as in the case of polychlorinated 
biphenyls in air and water. 

The current legislative base and judicial review processes have 
provided ideas and approaches regarding application of benefit-cost 
analysis which are different among the subject areas (pesticides, 
nuclear materials, etc.), and thereby have provided incentives or 
disincentives for following standard methods depending on, cas e-by ­
cas e interpretations . Recent efforts, however, at both the acad emic 
research and regulatory implementation levels have provided broad 
insight and some e ncouragement on t h e possibility of using a consistent 
sys tern of benefit-cost techniques in a ttacking these very diverse prob­
lems. 
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The key issues are separated more concisely in the parag1·.:t phs 
below. 

Economic Impacts /Production Net Benefits. Inherent in tb ~ 
particular issue of ''fiscal" impacts and productio.r: net benefits is the 
detern1ina tion of those elements of the many production factor ::' •h ..i t 
can and should be valued and aggregated in dollar s , and under. wJ.. ~1 '.­

circumstances inclusion of secondary and tertiary (e. g., labo 1· '· · · :, 
resource depletion, transportation hazards) impacts become o' .r : · r­

ginal value to the analysis. Techniques for vaking induced impacts 
in a broad social sense must be determined, as well as recon~ "' : , 1;1­

tions for identification and special treatment of 1 'growth-produ ,: 'n '. ., 
(and possibly inflationary) alternatives. Assessment of data-ref.<.; t ed 
influences, a traditional problem in large-scale economic analy ·' ~, , 
further de termine s the effective use of the benefit-cost techniqu....:.s . 

A significant subset of the econor".lic impacts is the valuation 0£ 
benefits and cost related to quality of life derived from the produr· ~i o n, 

use, transportation, and d i sposal of the toxic and haza1·dous rna lr ! ' i ,:. J. ~., 

and solid '\Vaste. Within this broad category of impacts, the!'e n 1u s t­
be a definition of approaches for modeling, integrating, and aggre­
ga.ting benefit;:; and cost::; of impacts which touch directly on ' 'huma.;i. 
values, " a con e ept integral in the quality of life context. 

The techniques utilized and the data required for analysis of 
various alternatives include 11consumer surplus" measu:rements, m ea­
surements of impacts on population subgroups, and tracing 0£ inter­
industry resource and product flows. 

Environmental/ E cological Effects. A process is r equired by 
which measurement techniques and desired variables are defined and 
selected for use in a given benefit-cost analysis. These rneasures 
and variables must enable the analyst to trace env-ironmental impact s 
and to assess their benefit - cost significance and calculational tech­
niques to define dose-response relationships for target and non-targe t 
species, and secondary, tertiary, etc. , impacts via air, water, and 
soil. Screening procedures for determL."1ing the most sen.sitive indi­
cators and the most impor tant effects , and value judgment guidelines 
for use in aggregation of impacts, are essential requirements. The 
Subject Reference gives approaches to these requireme nts, but a 
broad-scale effort for each particular analysis would also be helpful. 
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Human Health Effects. This issue has been viewed from an 
epidemiological s tandpoint. That is , what significant effects do health 
data reveal ? However, a second i ssue is that of where and when the 
health damages ge t linl<.ed to the damaging materials , i.e., what do 
the exposure data reveal? Of particular concern is the accuracy in 
evaluating the effects of any substance relative to others present in 
man 1s envirorunent. 

Integrating Non-Comrnensurables . Past practice suggests that 
not all value judgments can or should be made in a common metric, 
pecuniary or otherwise. The is sue i s the selection and definition of a 
reasonabl e set of 11£inal 11 non- conunensurabl es and development of 
rules for tradeoff and resolution of these 11final 11 variables by the 
decision-maker . Alternate 11formats 11 may be evaluated and .used ii 
beneficial to the decision- maker's understanding . ~tulother helpful 
procedure is to identify 11best11 indicators for inclusion in a non-com­
mensurables juxtaposition format. Before arriving at the final format , 
i t is possible to select taxonomy elements to afford the greatest facil­
ity in aggregating into the final set. In other words, calculational 
techniques must be identified based on pre- defined judgment criteria , 
which assist in t h e e lim ination of multi-metrics . 

Equity/Long -Term Impacts. Recommendations regarding the 
inclusion of equity considerations in the benefit - cost analyses tec hnical 
precision of impacts measurement arc a prerequisite in dealing with 
this issue. Guidelines must be developed for identifying the most use­
ful and/or significant equity differences and impact measures , e.g. , 
g eographic, time, economic or demographi c . Even if equity differ­
ences and impacts are discernible, then the social policy a l ter::-i.atives 
mus t be spelled o u t clearly for the decis ion - maker . 

A specific problem is the development of ground rules for the 
analysis of short- term quantifiable gC:ins / losses versus 11 long-range 11 

impac ts. A major area for investigating 'N-ithin this issue involves 
guidance for the treatment of irreversible and irretrievable conunit ­
ments and their distinction {if any) in the benefit-cost methodology. 
Evaluation of the techniques for discounting and tJ1eir appl~ca.tion, with 
the effects of inflation, to dollar ized impacts should then lead to ~­
ommendations for tradeoffs of future vers us p r esent benefits a nd costs . 

Risk. The issue of risk must be evaluated with respect to its 
quantifiabili ty first through probability analysis and second through the 
way it is perceived by the public. The values of risk, its ranges, and 
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acceptable levels change with t ilne. Considering these two n-1 e<.i:::; t a-e-· 

ment factors in reconunending the best procedures for incor pc11 ·ii in.s~ 

risk evaluations in benefit-cost analysis is essential. Evalua ti , , , ,,[' 
risks in delaying the start of ''beneficial ' ' (regulatory) program ~; i.n 
the context of irreversible exhaustion of resources such as aqui lers 
or ocean dumping sites must lead to guidelines for 11risk abati.1.l,,_,; ' 1 

projects or programs. 

Sequential Approaches/Effec tive Alternative s. The issu e ~ r -! l 

is whether the use of sequential approaches can help to optimize a.vail ­
able resources in performing benefit-cost analysis and in id en ' i r- 1g 
project and program choices. In other words, i s it possible ~< · ·,_,•_;w 

how useful the analysis will be before investing in the perform anc<" of 
it? Ground rules and techniques for incorporating effective j1L<l;., r ·nl:.; 

on scope and depth of the analysis, final ?res enta tion format, '" •td 
aggregation principles must be defined. Equally important a r <.' _?, .1 de ­
lines for specification of alt ernatives to be included in the benefit -cos t 
analysis, depending on the stage of the problem, the tirne for a n ,1 lv!;is , 
the significance and criticality of the problem, and regulatory op11->n s 

available. Some effort must be spent in defini.."lg criteri a for <t ltc "i! <l ­

tive t echnologies, regulatory actions, rnonitoring technologies, ..ind 
resource consun1ption levels to be evaluateci, inciuciing the nuil c ~. se. 
Finally, the decision process into which the benefit-cost result;.; 'vill 
feed must be closely inspected. The context oi the agency, incht<ling 
its present program structure and its legislative m.andate shoul d be 
compared to the probable outcomes of the benefit-cos t analysis. 

3. 0 State-of-the-Art 

It is indeed fortunate that a firm theoretical base exists in eco­
nomic theory for application of the benefit-cost analytical approach. 
The Subject Reference provides assistance in the application of the 
theory to the assessment of social issues, and alternatives where the 
assLUnptions are of necessity n-iuch less restrictive. The parameters 
cannot always be quantified in inonetary .terms, and decision-making 
in the public domain is confounded with emotional issue s not subject 
to clearly objective evaluation. 

Alnong the more perplexing problems associated with be:r.efit­
cost analysis is the ever present restriction on time available £o r the 
analysis and the skilled resources for its completion. Thus, it is 
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essential that the methodology should deal with measurement and effi­
ciency problems in that it should provide a systematic way for th.e 
determination of the relative scope and depth of the individual analysis . 
The assessment oi the parameters to be included thus identifies, along 
with the data availability, the approxinrnte source requirements for 
conducting the analysis. 

4. 0 Benefit-Cost Methodology 

Criteria. The analyti.ca l framework for the conduct of b enefit­
cost analysis recommended in this Subjec t Reference meet a :number 
of criteria which are essential for any methodology to be of benefit in 
the solution of problems . Among the major criteria are the followi ng: 

Summary Format : The methodology identifies a sum­• 
mary fo rmat for pres en-cation of the res ults of the 
analysis. It n1akes visible the a reas where the ana ­
lytical methodology are straightforward and objective, 
and identifies those areas where subjectivity has 
played a major role. 

Key Issues Highlighted: The methodol ogy provides a• 
mechanism for identifying and illustrating the key 
issues involved in the analysis. It is essential that 
any good methodology accomplish this fact , and ?ro­
vide that aggregation of non-conrmensurables not 
screen o r obsc ure the essential elements and variabl es . 

Explanation of As swnptions : One of the key elements• 
of the methodology applied to this very difficult subject 
area r equires d etailed explanation of the assumptions 
involved in the explanation of the problem and the artic­
ula tion of the solutions. Also included is an explanation 
of the as sum.pti.ons required to implement the analytical 
techniques for assessment of the problem. 

Toxic Substance Circmnstances Description: The Sub­
ject Reference ensures that the background and sur ­
rounding social context for the featu r e d alternative 
actions are described and used as a basis for the 
analysis. 
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Explicit Cornparis on of Alternatives; The method­
ology presented herein puts the objective of providi;ig 
clear illustration of the alternatives analyzed and 
those significantly omitted, and the reasons why. 

Range of Impacts: The methodology provides for an• 
evaluation of the r ange of impacts related to the pro }J­
lem and its solution and provides a clear explanab<.>11 
for limitation and the reasons why. 

Detail of Impacts: The methods are provided for 
selecting specific variables for the investigation o f 
the impacts and for defining the level of effort to 
obtain evaluation in specific areas. 

Discussion of Data Sources: Any methodology in tlH~ 

subject areas requires a thorough evaluation of the 
sources of data, the data itself, i.e., its accuracy 
and completeness and reliability, its relationship to 
the overall data availability for parallel and related 
problems. 

Sensitivity Analysis: A methodology must clearly 
indicate and provide for the evaluation of the fluctua­
tions provided and the results by application of differ­
ent levels of parameter evaluations included in the 
analysis. The effects of final value judgment evalu­
ations are also a key part of the methodology. 

Discussion of Methodology. The methodology presented here 
utilizes data sources and analysis techniques for the purpose of identi­
fying the key parameters and approaches to evaluation of alternatives. 
The bitial step in a typical a.t'lalysis is the evaluation 0£ the transfer 
mechanisms of the problem under consideration. This includes an 
evaluation of the mass flows throughout the environment and the 
effects on it and mankind. Next, an evaluation o f the time frame is 
performed. In this evaluation, which should be accomplished through 
utilization of a time line, the problem is viewed with the effects in 
chronological order. The continuing steps of the analysis s hould 
include identification of those receiving the impacts, followed by a 
preliminary screening, i.e., assessment of the probable magnitudes 
and significance of the impacts. Next, the functions or models best 
able to contribute to the analysis should be identified followed by 
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evaluation of the sources or data and their availability. The analysis 
then proceeds with the valuation and aggregation, treatrnent for sensi­
tivity to value sets, and summary presentation. 

This methodology thus provides guidelines and aporoa ches to 
accomplisrunent of a benefit-cost analysis, including recommendations 
for the handling of some especially difficult problems (i. e., aggr ega­
tion of non-co1nmensurables, treatrrl.ent oi equity considerations, and 
evaluation of the sensitivity analysis to th e final value sets), and organ­
ization to th e materail for detail backup information, along vvith the 
summary format. 

5. 0 Conclusions and Recorn...--nendations 

The usefulness of thi s Subject Reference in t he application of 
benefit-cost analysis to the areas to toxic substances, hazardous 
materials, and solid was te control derives from the use of a1:. overall 
organization of materials, i .e. , da ta , models, and guidelines for the 
use of the analysis for the evaluation of the methodology conclusions 
which wiil be a?piicaole to foe wide variety oi problems encour.i:: e:red 
in the regulatory context. 

Of major significance is the recommenda tion that the methodology 
presented in this Subject Reference w i ll provide a significant input to 
the decision.:..making process. Benefit-cost analysis will E;Ot be a sub ­
stitute for the decision-making process , but it can provide significant 
improvements by identification of alternatives and parameter signifi ­
cance. 

Consistency in performanc e of benefit-cost analysis along the 
lines of the methodology outlined herein, including presentation of the 
results and the summary format proposed, would provide significant 
benefit to the provider of the analysis (i.e., the benefit-cost analyst) 
and to the user of the analysis (i.e., the decision-maker and the 
public vvho are reviewing the results of the decision-making process) . 

xv 



l. 0 INTRODUCTION 

1. l Purpose and Seope of Effor t 

This Subject Reference is intended to serve as a docurn ,~.n t for 
b enefi t - cost practitioners in certain types of envirorunental pol" ·· · 
It is also intend e d to be useful to any analyst in the many ared ~ ­

environ.mental policy, but it is specifically oriented toward pro b l .-.m.s 
of toxic s ubstances and hazardous waste materials. Policy a n ,1:y ·, is 
in thi s field is particularly difficult since the chemical theory and 
engineering practices are rapidly evolving. 

The effort involved in compiling this Subject Referenc e involved 
three components: 

Planning a nd cone eptual development; 
Seminars; and 
Reviev.- and docurnentation• 

.i.ne planning and concep tual devdoprnent was the rnos t intense ;:~nd 

demanding of t!.i.e three components, and resulted in the structure of 
the seminars and of this document itself. The seminars brought 
together many diverse researchers and policy-makers for discussions 
organized around the conceptual structure. F inally, the review and 
documentation organized all the materials and references developed 
previously to produc e this Subject Reference. 

The report did not intead to provide new theoretical develop­
ments or original r esearch results. Furtherrnore, a basic pr emis e 
of the study was to avoid devising a set o f specifi c variable defini tions 
and to reject specific calculation routines (algorithms ): in other words, 
to avoid the mistakes of the 11Gree..'1. Book. 11 ':< It did happen, however, 
that many new approaches and methods were generated throughou t the 
project, and thi s new material nas been compiled in Chapter 3. 0 below. 

*SubcornnJ.it tee on Evaluation Standards, Proposed Practices for 
Economic _;,nalysis of R ive r Basin Projects, Washington, D. C., Report 
t o the Inter - Agency Commi ttee on Water Resources, May, 1958. 
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1. 2 General Problem Context 

Benefit-cost has evolved as a general approach to public sector 
decision-making.>:< The types of decisions which have been approached 
by way o f benefit - cost analysis have varied, but more recently, the 
field has broadened from public works investment to include heal th, 
safety and, by no means leas t , the environment. 

The method has been surrounded by controversy from its earliest 
applications , which began w i th the concepts contained in the R ivers and 
Harbors Act of 1902 (U. S. Congress PL 154). :;n:< The very concept o f 
the method has b een so controversial that a rev i ew in 1965>!<>::>:: noted at 
least b.vo alternative terrr1s, "investment planning " and "pro jec t 
appraisal," and they might well hav e included 11 cost-effectiveness 11 

and 11risk-beneiit, 11 and "policy analysis. 11 

An important step in the evaluation of benefit-cost analysis was 
going on even while public in vestment studies were being p erformed b y 
the U. S. Department of Defense under the headings 11cost- effectiveness : i 

studies, This separate development was the application of benefit - cost 
anaiysis to public po i.icy questions wnich did no r have a single large 
investmen t associated w i th them, In o ther wor d s , the ne e d for better 
fiscal cont rol of goverrunent, and the accompanying trend to"vard pro­
g ram budgeting, required the application of benefit-cost methods to 
broad-scale "policy analysi 11 problems. 

The U. S. Department of Transportation applied benefit - cost 
analys i s to safety problems , and other typ es of a pplications includ ed 
health programs. The total bibliography of benefit-cost analys i s thus 

*The reasons the approach is not widely used in private industry 
are con1plex, and are not especially crucial for this report. A com ­
prehensive benefit-cost analysis is not particularly appropr iate in a 
business n-1anagement context where the orientation is toward maximiz ­
ing a singl e mon etary variable s uch as r evenues, net income or divi­
dends. 

**Hanunond, R. J., Benefit- Cost Analysis and Water Pollut ion 
Control, Stanford, California, Stanford U niversity, Food Researc h 
Institute, 1960, pp. 3 -5. 

>:<>:<>:<Prest, A. R., and R . Turvey, 11Cos t - Benefit Analysis : A S u r­
vey, 11 The Economic J ourna l, Vol. 75, No. 300, December, 1965, 

pp. 683- 731. 
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includes exarn.ples of studies in most problems which are now a s soci­
ated under the heading of "environment. 11 The application o f '"'' . Ci · . 
cost methods to toxic substances and hazardous rnaterials reguJd.tory· 
policy and and should draw on all of the analytical methods devdo~J~d 

for the many other social policies. 

At the same time that the use of benefit-cost analysis h a s f)(~en 

pushed to broader horizons, its traditional use in water resou ;-. 1' 

projects has continued, and, in fact, has continued to reveal \.\I t..a.k­
nes s es in various application techniques. Thompson describe~ .s ome 
recent difficulties: 

"Some of the enviro~ental degradation perpetrate d 
by the Tennessee Valley Authority and others is c a r ­
ried out through the sophistry of cost-benefit analy !':i. ~.>. 

One example was the Corps $1 S. 3 million Gillhan1 
Dam across the Cossatot River in Arkansas, \.vhich 
was halted by an Environmental Defense Fund (EDF) 
sponsored injunction agabst the Corps. Three­
quarters of the benefits claimed to the G i llham, 
$970, 000 annually, were in flood damage that the 
Corps said the dam wodd prevent. Yet on the 50 
miles of flood plain below the dam, there was virb.1­
ally nothing to protect - in sum, three old wooden 
bridges, a dozen summer homes, and about 20 mil e s 
of gravel road. There had never been a recorded 
flood dea th on the Cossatot. 

Another exarnple was the proposed Tennessee­
Tombigbee Waterwas Project that the U. S. Anny 
Corps of Engineers wanted to build to join the 
Tennessee River to the Tombigbee River in order 
to open up more of middle- America to the Gulf of 
Mexico and to foreign markets. The Corps claimed 
the Tenn-Tom project would produce $641 million 
in various benefits between the years 1980 and 2030 
at a cost of $385 million for .construction and $2 . 7 
million per year in operating and maintenance costs. 
The Environmental Defense Fund won an injunction 
against the project in July of 1971 on the grounds that 
the benefits were overs to. ted, the cos ts minimized, 
and the expected return on each invested dollar less 
than 10 cents. 
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Part of t h e dispute arose beca u s e the claimed b ene ­
fits w e r e all nonrnonetary i t ems , l ike time saved by 
shippers and increased recr eation days, whereas 
the costs o f the materials that were to go into the 
canal v1ere very real mor..etary items . Paul Roberts, 
Economics Professor of the University of Florida, 
carefully evaluated the $641 million in claimed bene­
fits on the Tenn-Tom project and concluded that a 
more realistic projection of the benefits would be 
approximat e l y $ 17 . 5 million. The Corps , of course, 
disputed his figures . "':< 

The above discussion illustrates the type of attack which can be 
made on benefit - cost analysis if care is not taken to thoroughly ration­
alize and document all results and calculations. These remarks also 
indicate that in spite of guidelines provided b the "Green Book, 11 the 
use of benefit-cost analysis techniqLies in water resource planning is 
far from a standardized procedure. 

The difficul ty of e stimating benefits a nd costs over long p eriods 
o f t ime is only one sour ce of controversy in performing benefi t-cost 
a n alysis . The pr es ent proj e:ct has developed a caLegorizati on oi 
11p roblem areas" wherein benefit-cost analysts must specify their 
techniques and variables before putting them togeth e r in an overall 
analysis . 

A major difficulty of large-scale policy analysis using a benefit ­
cost framework is the difficulty in comprehending all of the components 
o f the analysis as separate subanalysis which contribute to some f inal 
set of a few "bottom l ine" figures. The categorization of "pro blem 
a reas 11 mentioned above provides an outline fo r !Tl for illuminating the 
many rationales and decisions which go to n-!.ake up a comprehensive 
benefit-cost analysis , If the public d~cision-makers understand the 
iss ues and rationales in each of these problem areas, then they will 
b e in a better position to evaluate and use the results of benefit - cost 
a n a l yses. 

If s u ch Lind er s tand ing is not achieved , on the other hand, the 
d e ci sion-makers will b e unwisely r elying on the finality and i..."lcontro­
v e r tibility of the few "bottom line " figures . They would then b e likely 

*Thon1pson, D . N., The Economics of Environmental Protection, 
Cambridge, Massachusetts, Winthrop Publishers, 197 3, op. 12 - 13 . . . 
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to find thems el ves in court, and very possibly facing an injunction as 
illustrated in the cases ci ted above . The decision-maker whc •\'11' 3 

benefit- cos t analysis must come to realiz e that its val u e is n ot Lll 

demonstrating a fina l decision, but in lending rigor and logic to i h•! 

decision process . The approach to modern use of benefit - cost· r"rh­
niques must be one where a l ternative assumptions and scenariv_, c...<.ln 

be conveni ently and flexibly tested by a proc~ \Vhich can be il. •..:ra t.cd 
many times to illustrate the outcom e of a lternative decisions. 

1. 3 Problem A r eas in Benefit-Cost Analysis 

The major product of the planning and conceptual developrn...:PI. 
phase of this project i s the benefit-cost analysis problem lis t. r 111f; 

list i s a set of problem checkoff points which the a nalyst must ,~()f , 1 nc.L 

and must keep in mind from beginning to end of a b ene fit- cost a na lysis. 
The probler.:l categories are: 

Economic impacts I p rodu ction net benefits ; 
Envirorunental/ ecologica l effe cts; 
rtuman health t!iiects ; 
Integrating non - corn...-nensurables; 
Equity/l ong - term impacts ; 
Risk; and 
Sequential approaches I effective alternatives. 

For each of these problem areas , the analyst must wrestle "'i.th q•.ies ­
tions concerning variable definition, data availabili ty and accuracy, 
relationships among variabl e s, available experimental and field 
results , and mode l availability and adequacy . The following para­
g ra phs give some details of questions and issues for each of the seven 
problem areas . 

1. 3. 1 Economic Impacts/Production 

Net Benefits 


The introduction of a n ew chemical process into the e conomic 
systen1 l eads to an a lter ed patte rn of p roduction and consumption. In 
principle , if one had a highly disaggregated model oi the economy, one 
could evalua te the changes induc ed in the entire economy. No such all ­
embraci.ng econometric model ex ists . Wha t principles or guideline s 
should the analyst follow in deciding h o w far t o attempt to trace eco­
nomic impacts? What ar e the uses and limitations of existing input­
output tables fo r such purposes? 
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Where is the concept of 11cons umer surplus" applicable in bene fit ­
cost analysis and how is this to b e calculated? What data sources and 
techniques are available? Is the notion of "producers 1 s surplus 11 appli ­
cable to benefit-cost a nalysis and how is it to be calculated? 

In addition to causing alterations in the pattern of production and 
consumption, the introduction of a new chemical process may generate 
substantial indirect benefits and/or damages. Although it is possible 
to develop e.stimates of the va~ues of many oi these indirect impacts in 
dollar terms , many, if not most, of these estimated dollar values are 
biased estimates of the desired measures of these indirect impacts. 
These bias es arise, for exampl e , because of non-market factors in 
hwnan choic e behavior. Recognizing these bias es , can guidelines b e 
developed to determine when the calculation of estimated monetary 
values can make a useful contribution to a benefit-cost analysis? For 
those values which are calculated, how should they be interpreted r e l a ­
tive to 11 unbiased" i.rnpact measures when using benefit-cost method­
ology in the formulation of public policy? 

1. 3. 2 Environmen tal/Ecologic a l Effects 

The introduction of a cnemical may alt:er a food chain and change 
the composition of species in an ecosys tem. What procedures exist 
for predicting, monitoring, and measuring thes e effects? How does 
the analyst decide which effects are benefits and which are costs? If 
the effect is to increase the population of some species and decrease 
the population of others , how can these changes in population be eval­
uated? 

What techniques exist to aid the analyst in the valuation of differ­
ent non-market features of the envi.rorunent? For example, the use of 
pesticides may result in runoff which eventually makes its way to a 
stream and consequently kills the fish-life and alters the vegetation on 
the scenic banks . Are these two effects evaluated differently because 
the utility derived from fishing in the stream is a more active delib ­
erate activity than viewing the scenic banks from a bridge across the 
strea.in while on a Sunday driv e? Or are both activities ''r.ecreation'' 
which is evaluated using a time and/or distance model? 

1. 3 . 3 Human Heal t..1-i Effects 

The introduction of a toxic substance, pesticide or other hazard­
ous material into the environment can result in short- term irrunediate 
hwnan health effects and/or long - term gradual hwnan health effects if 
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the populati on is exposed to the pollutant. Below is a list of quesLiorn; 
and issues designed to help the analyst structure his analysis of ,., i! 'h 
effects: 

• 

What di1nensions s hould be us ed for delineating the 
lik ely human h ealth effects from exposur e to a pa:t: ·· 
ticular toxic subs tance or hazardous material, e.g. : 

.. Short- term v~rsus long-term? .. General public versus occupational? 
Voluntary versus involuntary? .. Direct exposur e versus indirect exposure? 
Types of illness es induced? 

How can the analyst determine the size and identity 
of the population likely to be exposed to dosages of 
a given level of a particular toxic substance or haz ­
ardous rrat er ial? 

How can the analyst separate the human health bene­
fit of eliminating a particular pollutant or one source 
of a particular pollutant. from the overiapping eiiects 
of a pollutant known to occur in the same environ::nent '? 

Giv en that he knows the animal toxicol ogy data is 
deficient in many respects, can the analyst use exist­
ing data to predict the likely human health effects; 
tha t is, can he e!fectively estimate dosage-response 
rates in people from animal toxicology experiments? 

How much epidemiologic data must be supplied in 
order to assess the likely human health effects of a 
given polluta;it, and ho\v can epidemiologic data be 
made precise enough to p r edict ef£ects on future 
populations? · 

Assuming that hwnan health damage can be qup.ntified 
in non-dollar terms (e.g., numb er of people incurring 
a certain type of injury) , how can the damages be then 
quantified in dollar te rms? In addition, what is the 
r elative importance of s!lort-term human health effects 
versus long - term human health e ffects and how should 
these differenc es be measured? 
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1. 3. 4 Integrating Non-Commensu:rables 

The scop e of the non-cornmensurables problem over l aps the 
entire benefit-co s t structure and logic. Even in the more sophisticated 
context of recent studies in which no singl e benefit-cost ratio has b een 
r equired or sought, the probl ems of aggr egating diver se measures has 
been pervasive, nagging, and perhaps d ebilita ting to the analys i s. 

Consider the conc eptual .problem of what is m easured. E ven 
though the units a ll came out i n dollars, questions of c omparabili ty of 
dollar valu es mus t be rais ed. Fo r exampl e, suppos e the value of fi~h 
is assessed on the basis of stod,ing co s ts a nd the value of waterfowl i s 
assessed on the basis oi hunting licenses. These measurement tech­
niques probably do not give a complete measur e of the value of wi ldlife 
to the average person, but can they even be a dded to give a single 
value? These under lying philosophical qu estions exte nd throughout 
any benefit-cost analysis. 

For some well-defined variables, such as number of human l ives 
endangered and m.:.r.tber of aesthetic views erased, i t is hardly possible 
to achieve a meaningful scale much less decide what measurement 
technique can b e aggregated.. In other words, certain items (lives , 
views) have attributes whi ch a re diff icult to locate on a dollar scale , 
and for which alte rnative quanti ta tive scales are difficult to define . 

A third entanglement which combines with the two preceding 
problems is that of similarities among items for which data are avail ­
able but not di saggregated. Data on the amounts paid for hunting 
lie ens es are sometimes dis agg regated by broad class es of quarri es : 
waterfowl, deer , small mammals . But is a grebe the same valu e as 
a Canada goose? It is unlikely that a fishern1an values a carp a nd a 
rainbow trout the same, and these two fish have very different ecolo gic 
rol es , and respond to ecolog i c disruption differently. 

Probably all three of the above problems are different approaches 
to the same enigma. In environmental impac t stateme:its , court pro­
ceedings, and public hearings, the non-com.mensurabl es are goi::lg to 
be compared and aggregated, for better or worse. What are the tech-. 
niqu es for pr eliminary r esea rch data coll e ction, analysis , formatti n g , 
and aggregation that exis t and ·that should be used by the benefit -cost 
ana lys t ? Thus, what aids can be given th e policy decision-ma};: e r who 
finally makes the choice in comparing the effects of a l ternative toxic 
substances policies? 
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Should ranked d imensions be used in some situations, whereby 
~would be preferred to y as long as it is superior to y in dinl• 'rL~ ; .,1 • 1 :::_ 

regardless of the ra!1..kings according to o ther dirnensions? H ow ';c-; \-: r(.: 

are data problems if multi-dimensional comparisons are requi n >.(l? 
How convenient are complicated techniques for use in non-technical 
contexts such as public hearings or courtr ooms? 

1. 3. 5 Equity/Long-Term Impacts 

Traditional approaches to benefit-cost analysis have explained 
the need to isolate those L."'Ytpacts of public projects which bear on l y •>n 
efficiency from those which serve to redistribute wealth. Whi 1 ('~ it is 
true that b enefits and costs can be defined only \Vith respect to a g ive n 
distribution of income, direct transfer could, in concept, be uS (->d to 
achieve a state of distribution deemed desirable, and market p rices 
could theoreti cally be determined for that distribution, Unfor ttu1,_tLe l y , 

the benefit-cost analyst must opera te with something less than perfect 
information. 

Should the equity and efficiency be analyzed separately or s hould 
benefit-cost analys is include estimation of equity- efficiency tradeoffs '> 

If t .radeof£s are to Ot; evaluated, how shouid eaci1 evaluacion be rn ;·1de 

and wha t role should the analyst play in determining prop e r trad e o££s? 
Should, for example, the analyst's :::ole be simply to es timate benefits 
and costs and to specify which socioeconomic groups gain and which 
lose, leaving the deci sion-make::: to evaluate the relative impor tance 
of distribution and efficiency impacts, or should the analyst attempt 
to derive techniques for asses sing relative importance? What tech­
niques m ight be used to assess the relative value of policies producing 
different distributional effects? Should all alternatives be subject to 
an equity review? When alternatives have very long - term benefits and 
costs, should equity considerations be limited to current generations 
or should intergenera tional equity ' be analyzed as well? How could the 
interest of futu re generations be weighted against those of current 
recipients of benefits and costs? 

1. 3. 6 Risk 

How is the "risk " associated with the use of a chemical com­
pound best described for purposes of incorporat ing risk evalua tion into 
a benefit-cost framework? Is there a class of events which are so 
horrendous that there do es not exist any non-zero · probability of its 
occurrence that would allow the assigrun.ent of a finite negative value 
to its possible occurrence? How can the be!1efit-cost analyst establish 
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whet.1-ier an event belongs to this class? How should the "probability" 
of an event occurring be established if there is no pri or experience of 
such an event actually occurring? Are s imulations very useful in this 
regard? In the absence of defini te knowledge of the probability distri ­
bution of events , should 11risk 11 be di:scussed and incorporated into a 
benefit-cost analysis? 

Risk as perceived by the general public is someti...--nes a suoJeC­
tive emotional response which is possibly not accurate in a problem­
atic sense but is a real soc ial attitude. For example, how does one 
evaluate t~e public perception of increased risk of an accident at a 
nuclear power pl ant after the community has experienced an earth­
quake or another natural disaster? The type of r i sk perception of the 
public is also influenced by the medi a through both news, stories, and 
spot adverti sing provided by various i nterest groups. ShoL1l d this sub­
jectively perceived risk modify the benefit-cost analysis via adjust ­
ments to the application of probability calculations or should this a nal­
ysis of public opinion by a separate and final chapt er in the analysis? 
How then, does one assign a dollar value to the willingness to reduce 
risk? 

1. 3 . 7 Sequential Approaches I 

Effective Alternatives 


Any analysis for policy formulation may be undertaken wi th num­
erous alternatives for evaluation in mind. For example, alternatives 
might be restriction in the use of a material kno\-vn to be toxic such as 
asbestos, or restriction of its manufacture. That is, restriction may 
take the form. of compl ete elimi.'1.ation of the toxic substance or partial 
restriction in terms of quantity levels, the length of shift that ern.ployees 
may be exposed to the material or regulations concerning the ai r quality 
level in the plant. 

For the pur pose of analysis, how does the benefit-cost analyst 
establish the number and type of alternatives which are to be evaluated? 
Does he take into consideration a possible future level of technology 
which might reduce the importance of the problem? 

Si...-i.ce the selection of alternatives is subject to time , monetary, 

and manpower constraints, is there a method which may be used to 

select alternatives which would be optimal in the sense of obtaining 

the most worthwhile analysis subject to administrative constraints? 
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Benefit-cost analysis is frequently limited by difficulty in o btain ­
ing information r elated to the impacts o f a poli cy. This lack rd 

mation usually stems from an incompl ete under standing of a s td . l , vf 
areas impacted, e . g . 1 the ecosys tem , or the industrial strucbt• · . ft: 
is difficult to ascertain the envirorunental effects of a policy if envi "t' On­

mental relationships themselves ar e not clearly understood. 

Iterations of a benefi t-cos t analysis can enable the a n a l y s ' t:n 

test policy decisions under different assumptions about the stat , ..lie 

world, i. e., industry or ecology. Thus, a mix of policy altern~fives 
can b e tes ted a gainst a series 0£ state-of-the-world assurnptior:... 1'.ut: 
how do es the analyst cons truct a benefi t-cost model which is co1w .•n i"· 
ently revised and iterated? And how does he select r easonable c ases 
from an ahnost limitl ess number? 

1. 3. 8 Summary of Problem Areas 

Th e above discussion of problem areas have raised many meth­
odologica l and theoretical questions which are diffi cult to ans wer , u•tL 

the b en efit- cos t analyst must r eview these questions each tilne he 
embarks on a benefit-cost project. He shoul d check through the above 
question~ and at least rna~e a preiiminary note about how .each y111·.;­

tion will be handled in his own analysis. Ii he does not face the qu es ­
tions in the planning stage of his study , he can be sure he will meet 
them l ater when his s tudy is reviewed by policy - makers, o r in th e 
courtroom. 

In the next s ecti on of this Subject Refer ence, some aspects of 
the regul a to ry situations which the benefit-cost analy s t w i ll encounter 
are r e \riew·ed. Thes e include l aw- making procedures, li ti ga tion, 
public h earings , and intra-agency deliberations . Given his answers 
to the questions above, the analyst should contemplate how the result ­
ing study will be useful in the various . regulatory contexts , He should 
then proc eed to Chapter 3. 0 for some detailed thoughts on the issues 
he must confront. 
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2. 0 THE REGULA TORY CONTEXT FOR TOXIC 
SUBSTANCES , Hl\.ZARDOUS MA TERIP.LS, 
AND SOLID WASTE CONTROL 

2. 1 The Use of Benefit- Cost _i.\nalysis 
in Regulatory Situations 

It is possible to view the evolu tion of pollution regulatory ar: ! i.on 
as a dichotomy of tax incentives and direct prohibi tions or res t 1· i cl i o11; . 

This view, analogous to the carrot-and-stick view of government, 
oversimplifies the actual sequence and interaction of events bo t.l1 hy 
minimizing the popular citizen involvement features of envirom ·1-.:-.olal 
regulation, and also by implying that significant pollution cont rol 
efforts have been derived mostly from legislation, ei ther Federal or 
state . The fundamental basis of progress in the past 15 years is ddMi­
able. But the facts do not support the emphasis sometim e s plac e d on 
new l aws . There have also been important judicial and executive 
branch initiatives. 

A more balanced approa ch to understandjng the current r e guh.-· 
tory context, and its implication for benefit - cost analysis, is the 
examination of four institutional structures where reg ulatory actions 
occur: 

The legislati ve structure; 

The litigational structure; 

The public hearing structure; a n d 

The regulatory (Federal and local) structure . 


The abov e four types of institu tional structur es comprise the elaborate 
system which has expanded rapidly in the past few yea:rs in response 
to pollution of many types. It is nec essary to understand the overall 
r egulatory system in using benefit-cost analysis, because this system 
produces the definitions of benefits and costs. 

There are spec ific r easons why it is important for the user of 
benefit- cost analys is to keep in mind the regulatory system and the 
institutional structures \'\iithin it . The following are included: 
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The conce?tual structure of benefits and costs is 
defined by the regulatory system, i. e., by the 
various agencies and organizations; 

The results of the benefit-cost analysis become part• 
of the procedure 0£ regula tory action, and they must 
be used by the components of the institutional struc­
tures; and 

Although benefit-cost analysis is traditionally applied 
to a single specific decision, it i s possible to devise 
tech.."liques for entire regulatory ?rograms and policies. 

2. 2 The Legislative Context 

The legislative structure includes not only the U. S. Congress 
but also state legislatures, and sometimes county and city councils 
which control zoning and public works at the local level. Th ese l egis-­
lative groups make decisions which cut across their political bound­
aries '.vnen they legislate air and water quality. The user of beneiit ­
cost analysis must be prepared to calcula te impacts for counties, 
AQCRs, and river basins . Env'"ironmental impact statements, "vhich 
typically provide inputs primarily to the cost side of a benefit-cost 
analysis, can involve toxic substances and hazardous materials, such 
as, for example, in the case of nuclear power plants or sanitary land­
fill operations . 

The U. S. Congress has enacted legislation t o provide tax incen­
tives for pollution control, ':' an idea which '.vas formulated in 1965 by 
the President's Science Advisory Cor:nJr1ittee (Environmental Pollution 
Panel}. >:<>:< 

Many -- perhaps the majority of analysts and commentators - ­
have recommended that careful s tudy be given to tax-liJce systems in 
which all pollute rs would be subject to 11effl1J_ent charges" in proportion 

*Thompson, D. N., The Economics of Environmental Protection, 
Cambridge, Massachusetts, Winthrop Publishers, p. 169. 

**Report of the Environmental Pollution Panel , President's Sci­
ence Advisory Committee, Restoring the Quaiity of Our Environment, 
Washington, D.C., 1965, pp. 16 ~ 17. 
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to their contribution to pollution. Federal and local efforts to reduce 
pollution of air , soil, and water have traditionally rested upon 1 n1i". 
ture of prohibitory regulation and persuasion. The public inte .t c. .· I. ca it 

often be s crved by reducing pollution below the levels where th l~·; " 

means are appropriate and effective. Effluent charges have enhan \ r>cl 
effects because individual pollute rs are provided the prospect uJ ."iu.t!1.·­
cial gain from further reductions in their contribution to pollu ti<J11 . 

Even before 1965, some. states had pollution control incenti / e 
laws.>:< The importance of this approach to society is that is p1upc)rt ­
edly enables private sector managers to exercise some freedo1·~ , ,,n 

pollution control decisions. 

The concept of tax incentives for pollution control has long been 
recommended, but opposition arises on three grounds : ':0 :: 

The U . S. Treasury Department opposes such use 
of corporate taxes as improper on principl e ; 

The implementation of such policies would reduce 
tax r evenues; and 

The idea exists at the grassroots level that tax 
incentives would not prompt the private sector to 
take rapid comprehensive pollution control action. 

Regardless of whether these objections are valid, Federal legislation 
has emphasized direct regulatory action rather than tax incentive 
mechanisms. 

From the benefit- cost analyst's vie\"!point, tax incentive programs 
imply a particular orientation for analysis c onducted in a tax incentive 
context . The following probable conditions should be expected : 

*Bureau of National Affairs , Environment R epor t e r, Vol. 4, 
State Air Laws, Parts 1 and 2 ~ Vol. 5, State Solid Waste-Land U s e ; 
and Vol. 61 State Water Laws, Parts 1 and 2 , Washington, D. C. 

:.:~:1.cDegler, Stanl ey E. , and S. C . Bloom, Federal Pollution Con­
trol Programs : v'{ater , Air, and Solid Wastes , Washington, D. C. , 
The Bureau of National A£fairs, Inc., 196 9, pp. 14ff. 
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The di rect c osts of pollution c ontrol will be spread• 
over a shor t p eriod of years bec a u se the tax incen­
t ive l aw p r obably specifies some speci fic period of 
credit. 

The costs of pollution control (i .e., some clean - up 
action) will tend to Oe con£us ed 'l.Vifu benefits, since 
the environmental damages of pollution will be 
avoided if the action is taken. But the costs of 
c l ean - up a r e not necessarily a precise measure of 
ben efits. N or are the val ues o f possibl e damages 
a good measure of the ideal size of incentives , since 
the incentive must be meaningful to the industrial 
decision- maker. 

Therefore, the benefit-cost a:talyst must view incentives as one 
component of data, which represents what an agency or l egi slative 
body judged to be a proper amount to achieve some effect on the rea­
s oning of d ecision - makers. 

The value of tax incentives in po llution control is a reasonable 
policy question wnicn shoulci oe susceptibie to beneiit-cost ar.alvsis. 
A lthough there has been much discussion of such policies,:!< and at 
l e a st one study of the concept in 196 7 / :;o;: policy shifts have occurred 
since then, >:•>:<>:• and more data would be available for a new study. 

Tax deduction inc entives are a controversial method, and l egi s ­
l ation on pollution has evolved some much more widely accepted fea­
ture s , of which the fo llowin g are exa1npl es : 

>l•Thompson, D. N . , ~· cit. , pp. 168££; and Wilson, R. D. / and 
D. W. Minnotte , 11Govern.rnent/Industry Cost Sharing of Air Pollution 
Control, 11 Journal of the Air Pollution Control Administration, Vol . 19, 
No. 10, October, 1969, pp. 761-766, reprinted in M . Gordon and M . 
G o r don, eds. , Enviromnental Management: Scienc e and Politics, 
B o ston , Massachusetts , Allyn and Bacon, 1972, pp. 485-497. 

*>:•A BT Associates ., Inc., Incentives to Industry for i,Yater Pollu­
tion C ontrol: Policy Considerations , prepar ed for the Federal Water 
Pollution Control Administration, December / 1967 . 

"~':•>:•Thompson, D . N., ~· cit. , p. 169. 
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Standards 

The Water Quality Act of 1965 (PL 89-234) requir e d 
states to establish standards for 2.ll inter state and 
coastal waters. 

The Air Q uality Act of 1967 (PL 90-148) provided 
for issuance of air quality criteria. 

Treatment Facilities and Other Grants 

The 1956 Federal Water Pollution Control Act (PL 
84-660) a\.!thorized cons true tion grants to public 
agencies, and these grants were increased by 
amendments. 

The Solid Waste Disposal Act of 1965 (PL 89-272) 
provides for grants for state and interst<3: t e planning 
and surveys cf disposal practices and problems . 

Enforcement 

Title I of th e 196 7 Air Quality Act (PL 90-148) 
provides specific steps to en£orc e pollution abate­
ment action (Section 108). 

The 1899 Refuse Act (33 USC 407) provides for 
fines and imprisonment for wrongful deposit of 
refus e (Section 411). 

The above are selected examples from more well-known Federal 
legislation. A benefit-cost analyst should also b e familiar with the 
state laws. These laws have been compiled and indexed by the Bureau 
of National Affairs in separate volumes for water, air, and solid 
waste,* The indexing provides references by states under categories 
such as air quality standards , water quali ty standards, and enforc e·­
ment, but even so, there is no simple way for the benefit-.cost analyst 
to ass es s specifi c policies or methods. 

~'Bureau of Na t ional Affairs, Envirorunent Reoorter, oo. cit. 
~ 
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One par ticular feature of the Federal Environmental Pesticide 
Control Act of 1972 (FEPCA) (PL 92-516) would be suitable for a 
detailed study of its effects : this feature is the use of the concept of 
benefit-cost analysis . Section 2 of thi s act contains a series of defini­
tions, and the term "unreasonable adverse effects on the environrnent" 
is defined as: 

"· •• any u nreasonable risk to man or the environment, 
taking into account the economic, social, and environ­
mental costs and benefi ts of the use of any pesticide. 11 

The concept of "unreasonable adverse effects" is used in the 
FEPCA to provide a constraint on class ification of p esticides for gen­
eral or restricted use (Section 3) and as a bas is for cancellation (Sec­
tion 6). It is likely that as more pesticides are cancelled in the futur e , 
som e benefi t-cost analyst will be faced with the problem of analyzing 
the benefits and costs of requiring that cancellation decisions consider 
the benefits and cos ts of the pes tic ide. 

2. 3 The Litiga.tional and Juridical Context 

Although most legal proceedings involving the environment have 
no doubt arisen from and been direc tly based on speciiic Federal or 
state statute s, or local ordinances, rather than traditional common 
law, there have been some important l egal proceedings which add to 
the definitions provided by legislation and which further develop the 
basis for u sing benefit-cost analysis in the regulatory context. In 
other words, these l egal cases provide insight into the social concepts 
of environmental benefits and cos ts. The proceedings indicate how 
benefit-cost a nalysis could be usefu.l in the litigational and jur idical 
context, and what types of benefits an.cl costs would be suitable for use 
as evidenc e. 

This evidence would typically be used by a judg e to determine 
the consequences of an environmental decision which he must n1ak e . 
In the same manner that a legislator and an ad..--ninistrator set policies, 
a judge sets precedent, with a single case befo;:-e him t o define the 
basis for his decision. The decision, for example, may require a 

· judgment between alternative land us es, or between competing claims 
for some resource, such as water, or between the difierent possible 
effects of some action by a corporation or agency. 
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This juridical process in environmental cases is discussed in 
detail by Joseph L. Sax.* The legal basis for environ.mental l i L~ci ­

tion has changed some since Sax's report was written (about l '1 (J')) ·:i.n <'l 

today few judges would agree that legal acti on has been 11too r;i.re ly 
considered" in dealing with environmental q u ality problems. Tn 
reporting a 196 7 case involving a right - of-way across a wildlH <-' p1 e­
s erve, however, Sax describes how the court v i ewed the cas<~ .:t · : ::t 

question of benefits and cos ts to society of the two alternativf '1" ( i ' ' 11:, . 

The verdict was for the right-of-way (for a gas transmission l 1, · ' ) b 1i t 

with court-directed safeguards to minimize environmental dam a.ge. 

In developing his assertion that the courts are not used enough 
for litigating environmental d i sputes , Sax favors the adversary ~re­

cess: 

"This is what is unique about the litigation process. 
If you have ever seen or taken part in congressional 
or a<lministrative hear i ngs, or in the processes of 
planning - type commissions, you k..'low how much hot 
air, unproven assertion, vagL1e d enials, and ?lain 
obfuscation usually attend t h e resource decision­
ma:::Cing process. ll1 the ·~-..- ell-run courtroom, thc:r ~ 

is no place for such nonsense. If you have an asser­
tion to inake, you had b e tter stand ready to prove i t ; 
if you have exaggerated, you will pay for it on cross .. 
examination; if your perspective is limited, the court 
will be apprised of the fact th rough t he a dversary 
process. 

T he judge in this case was not an expe rt on the tech­
nical questions being debated by the exp e r ts. Indeed, 
at one point in the trial he said, 'Before this case 
started I looked up the meaning of ecology in the d i c­
tionary because I noted it in the Suprem.e Court 1 s 
opinion. I was not a ...vare of that before . ' B ut h e is 
an expert in dec i sion-making , and for this reason 
he was able to make sense out of the cont rove;rsy. 
That, after all, is wha t was required. 11 

*Sax, Joseph L. , 11The Search for Environ...-nental Quality : The 
Role of the Courts, 11 in H. W. Helfrich, Jr., ed. , The E nvironmental 
Crisis: Man's Struggle to Live with Hims elf, New Haven, Connecticut_, 

Yale Univers ity, 1970, pp. 99-114. 
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The implication of the above comments is that if the case is 
brought to court without the clear juxtaposition of the issues, then 
such juxtaposition will be achieved by the adversary process. 

TI1e benefit-cost analyst should face this prospect and should 
study court cases in which actual comparisons have been made by 
various benefits and costs. At pres ent, there is not a large number 
of such cases, but the numer will u.ndoubtedly grow if Mr. Sax is 
correct. 

2. 4 The Public Hearing Context 

Public hearings preceding government decisions have begun to 
appear more often in the past 15 years. The tradition has developed 
most rapidly in con t exts where the decision-making involves trans por­
tation facilities such as expres sways or rapid transit.* But in addi ­
tion, more cases oi public hearings in other types of environmental 
contexts are appearing. 

?ubiic r1earings are prescribed in the Federal Water ::?oliution 
Control Act, Section 10, when the Secretary of the Interior is required 
to prescribe water quality standards, or when abatement action is not 
being taken. Similarly, public hearings are prescribed by the 1967 
Air Quality Act, Section 108, under similar conditions. The 1972 
Federal Env-ironrnental Pes tic ide Control Act a lso provides for public 
hearings in the event of cancellations of pesticide registrations, as 
does the recently passed Toxic Substances Control Act. 

Analysis of the results of these hearings is difficult, but case 
study reports of grassroots action have been published and should be 
studied by the benefit-cost analyst.':';' For better or worse, grassroots 

*CONSAD Research Corporation, Analysis of Railroad-Comrr.un­
l!Y._Conflicts, prepared for the Federal Railroad Administration, U. S. 
Department of Transportation, April 15, 1975. 

*~'Greene, W., 11 What Happened to the Attempts to Clean Up the 
Majes tic, The Polluted Hudson? 11

, in ~vl. Gordon and M. Gordon,£.£· 
cit., oo. 498-508. Other case s:udies are indexed bv the Environment-- . "" ... 


Reporter under 11 C iti zens 1 Suit. 11 See, for. example, "No rth Carolina 

Freeway Project" and 11 T rident Impact Statement, " Environment 
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efforts in environmental controversies frequently reach th e litigation 
stage and more formal records 0£ the benefit-cost issues be <··.J?i • ·1 ·ad. ­
able. A good summary 0£ legal strategies for litigation is g i',· •!ll by 
Thompson."'' 

2 . 5 The Regulatory Context 

One feature of envirorunental l egislation not discussed a bove i s 
the provision for issuance of guidelines and other interprefrv •· ·fr,r:n­
ments by designated Federal or other governrnent officials. Tl Li · ; 

feature defers or delegates a st:.bstantial role in environmenta l ;t ffai.Ts 
to adrninistrative officials, even though their actions must b e: ,-, ., ,31 ~, ­

tent with the legislation. The des ignated agency thus has th ~~ ·l·"•.i ~,I,>­
edged fre edom to interpret the intent of the l egislative body a ri d f:u 
exercise administrativ e powers as he sees them. 

The S e cretary of the Inter i or was faced with the probl em o:f 
issuing guidel ines for implementation of the 1965 Water Qualil · 1 i\Ct. 

These guidelines, issued in 1967, tried to set the tone for Federal­
state cooperation, 2.nci to acivise states on the setting oi standards: 

11 The Water Quality Act of 1965 amended the Federal 
Water Pollution Control Act to provide for es tablish­
ment of water quality standards for interstate waters. 
In the absence of State action, such standards w ill be 
adopted by the Secreta~ry of the Interior under proce­
dures set forth in the Act. 

It is the position and purpose of the Federal Water 
Pollution Control Administration to encourage a nd 
support the States in establishing their own standards. 
The guidelines that follow are pr es ent ed to assist the 
States in the devel opment o f the required water q uali ty 
criteria and the plan for the implementation and 
enforcement thereof, and to delineate factors ,.which 

Reoorter, June 18, 1976, Vol . 7, No . 7, p. 284. Miscellaneous 
report: Haskins, H. J., 1 1A Strategy for the Ghetto: The Phila ddphia 
Story, 11 in H. W. Helfrich, Jr. , A genda for Survival : The Environ­
mental Crisis 2, New Haven, Connecticut, Yale University, 1971. 

*Thompson, D. N., ~· ci t ., pp. 194-223. 
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will be considered in the Secretary's determination 
of whether the criteria and pl an are consis tent with 
the purposes oi the Act. 

1. Water quali ty standards should be designed to 
'enhance the quality of water. 1 If it is ilnpossible 
to provide for prompt improvement in water quality 
at the time initial standards are set, the standards 
should be designed to prevent any increase in pollu­
tion. In no cas e will standards providing for less 
than existing water quality be acceptable. 

2 . No standards of water quality will be app roved 
which provide for the use of any str eam or portion 
thereof for the sole or principal purpose of trans­
porting wastes. 

3. Water quality criteria should be <:.ppliecl to the 
stream or other receiving water or portions thereof. 
The criteria should identify the water us es to be 
protected and establish limits on pollutants or effects 
of pollution n eces ::>ary to provide :for such us es. 
Numerical values should be stated for such quality 
characteristics where such values are available and 
applicable. Where appropriate, biological o r bio­
assay parameters may be used. In the absence of 
appropriate numerical values or biological param ­
eters, criteria should consist of verbal descriptions 
in sufficien t de tail as to show clearly the quality o f 
water intended (e.g., ' substantially fr ee from o il ') • . • ,,,,., 

Thus , the S e cretary sought to "clarify the standards require1nent, 
and to mediate between the legislation passed by Congress and the state 
goverrunents. 

The requirement for a dialogue between state and Federal gov­
ernments i s a feature of much environmental effort (not tQ mention 
Uni ted States history) . The benefit-cost analyst should be prepared 
to set his analysis at the local l evel and expand it to the mul ti - state 
o r national level. 

*FWPCA Guidelines on Wate r Qualitv Standards, under the Water 
Quali ty Act of 1965 , PL 89 - 234. 
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The conduct of a benefit-cost study at the nati onal level only 

would be plausible because many types of pollution have very 1 • 1 

scale impacts. But such a study would not be realistic in the light of 
the actual deci s ion-making context. 

In continuing the effort to mediate b etween Federa l legislrt.tion 
and state governments, the EPA Administrator in 1976 issu ed · '-' 
policy on enforcing water quality, although the 1965 Water Q u;1 • • 

had been amended extensively _in 1972. The new policy empha~ 1z l;d 
the need for sanctions of industrial firms not achieving the go •.. ' ,C 

"Best Practicable Technology" (B PT) by 1977. But exception0 : l• ! e­

mitte d in the policy led to accusations by one United States Send.Lor 

that EPA was acting unlawfully and was assuming judicial and l r~g i ~;la ­

tive authority improperly.::: 

The benefit-cost analyst cannot overlook impacts of guidelin e::> 
and other agency polici es . It is possible that a policy will regufr e 
car eful benefit-cost analysi s before provisions are made for e n f, , n r: •· 

m ent actions, or for allowing exceptions to enforcement. If en ro rc:•.' ­

m ent policies cause unemployment or inefficient use of capital, then 
society, as well as the firm involved, must bear the cost. 

2. 6 Recent L egis lative Developments 

The current debate on society 's response to toxic or hazardous 
chemicals a!ld other materials encompass es the social mechanism for 
developing and im.plementing the response, as well as such topics as 
the analytical techniques to be used in developing p r oper responses 
and the accumulation of information on hazards, benefits , and costs. 
The debate is occurring not only in universities and industries , but 
also in goverr..rne!lt as the U. S . Congress recently contemplated the 
var i ous versions of a Toxic Substances Control Act. 

Given the structure of the Toxi c Substances Control Act of 1976, 
the benefit- cost a nalyst will be called upon to help answe r ' many ques ­
tions , raised in the course of recent deba te , on asses sment of hazards , 

;'< " Muski e Scores EPA 177 Policy : Cla ims Noncompliance Lett ers 
1Unlawful 1 1 1 

, Environment Reporter , Vol. 7, No. 9, Jul y 2, 1976, 
pp. 379-389. 
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scope of potential damage, and possible impacts of regulatory decisions 
such as restriction or cancellation of licenses to produce and use cer­
tain chernicals. These regulatory q u estions and problems are already 
well - recognized because of difficulties which have arisen under pres­
ently existi ng Federal laws. The National Academy of Scienc es report:.:' 
mentions the Clean Air Act, the Federal Water Pollution Control Act, 
the Federal Insecticide, Fungicide and Rodenticide Act, as amended by 
the Federal Enviromnental Pestic ide Control Act, the Occupational 
Safety and Health Act, the Ma.rine Protection Research and Sanctuaries 
Act, and the Safe Drinking Water Act~ Other Federal statutes '.Vhich 
might be mentioned include the Federal Refuse Act of 1899 and the 
Hazardous Materials Transportation Control Act of 1970. 

It is noteworthy that the existence of the nine laws named above 
did not deter Congress from viewing the Toxic Substances Contro l Ac t 
as none too many. 11 In fact, the National Academy of Sci ences r epo rt 
commented: 

n The curre::it body of environmental laws does not 
r epresent a harmonious and purposeful ....vhole. It 
was develope d at different times by different com­
mittees of the Congress, and it reflects the vaga­
ries of competing pressures and regulatory schemes. 
There are legislative actions that we believe could 
make federal regulation of chemicals more effective. 
The passage of legislation si..~ilar to the proposed 
Toxic S ubstances Control Act would provi de a sys ­
tematic basis for developing and collecting needed 
toxicological and other iniormation about indu strial 
chemicals and would provide authority to regulate 
potentially hazardous chemicals th.at are not now 
subject to any statutory author i ty. It would thus 
fill a number of gaps in the existing regulatory 
structure. 11

' :' ::' 

*National Acade.."11.y of Sciences, Decis ion-},1aking for Regulating_ 

Chemicals in t~e Environment, Washington, D. C., Committee on 

Principles of Decision Making for Regulating Chemical s in the Envi ­

ronment, Environmental Studies Board, Commiss ion on Na tural 

Resources, National Research Council, 1975, p. 11 (hereafter 

referred to as the 11NAS Report 11

). 


:;o:<NAS Report, ibid., p. 15. 
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2. 6. 1 The Toxic Substances Control Act 

The Toxic Subs tance s Control Act had been d ebated in thE:' U . S . 
Congress since 1971 and wa s under consideration in both the U ·,q ::,.. ' ) f 

Representatives (HR 10318) and in the Senate in numerous versicrns. 
The hearings in the Subcommittee on Conswner Protection ar.u.i l ' ill·Hh.c, 

prior to passage of the A c t in 1 976, revolved around the very sd.n1.e 
issues addressed in the NAS Report. 

Th ese issues generally are related either to the actual mecha­
nisms of the regulatory and decision-making processes , or to tb i! 
information, data , and analytical t e chniques. Although these 1. ,.,n 
broad categories are not entirely comprehensive, they do, in fact, 
encompass most of the content of the deba t e . There i s little '-lu. •sli:>n 

or argum ent that there must be some regulatory d ecisions, anc! •h;1 t 
these decisions will at least inconvenience some chemical p ro lu. ers 
and users . The debate usually proceeds directly to the questions : 
"How will the regula tory decisions be made?" and "What will b t.~ th e 
extent or degree of the i nconveniences , costs, continuing hazards, 
and o ther benefits of such regulatory decision s?" 

At l east one issue in the regulatory process d ebate has s orn e 
implications for the p erformance and use of benefit-cost analysis . 
This issue i s the problem oi how much involvement of non-technical 
public inter es t and consumer groups is to be expected. If such involve ­
ment is to be extensive, the benefit- cost analysis will probably b e u s ed 
on a much broader scale than just within the technical -regulatory com­
munity. 

Even though a benefit-co st analysis might b e performed and 
interpreted by technically traine d industrial personnel , its eventual 
use might neces saril y be much more general, especially is some of 
the NAS r ecorrunendations regarding openness and access to the 
decision-making process are implemented, i . e. : 

The essential el ements of decision-making should be 
part of the public r ecord. The agency shoul d . publish 
a "white pape r 11 for each impor tant regulatory action 
unde rtaken. The paper shoL1ld include the key d e tails 
of the e conomic, l egal, scientific , and other consid­
e r ations taken i nto accoun t in reaching the decision. 
It should be issued when the agency decides to take 
some action but sufficiently in advanc e of a final 
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decision to permit considered response. An impor­
thant decision to take no regulatory action, or to defer 
such action, should a l so be accompanied by a "white 
paper, 11 

Any information available to an agency on the hazards 
of a chemical that is regulated by that agency should 
not be considered proprietary and should be available 
for public inspectton in a timely fashion during and 
after the decision-making process. 

The early and open exchange of info rmation and opin ­
ions on a propos ed decision should be encouraged to 
reduce the current dependence on subs equent judicial 
challenge. The EPA Administrator should hold public 
hearings at the earliest feasible stages of the decision 
process. He also should facilitate prehearing exchange 
of information among parties (for example, through 
depositions, interrogations , and other discovery pro­
cedures). 

At appropriate points in the decision-making process, 
the agency should actively seek to identify the affected 
parties and solicit suggestions and comments from 
them. Ways should be explored to better represent 
the interests of future generations . 

The press, as well as other in terested parties , should 
be told when a standard-setting process begins and 
when the proposed standard is ready for publication; 
further discussions during this process should occur 
as often as war ranted. 

EPA and other agenci es should initiate programs 
aimed at trai!'ling and encouraging citizens to partici ­
pate in the decis ion -making process. 

The Department of Commerce should develop an edu­
cational resource to help small business es acquire 
the information on chemical regulatory matters that 
is at present routinely available to large corporations 
and major trade associations . 
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All ex parte communications, including those from. 
Congress, members of the Executive Branch, priv.1 f <: 

corporations, and citizen groups, on any adjudical ry 
decision pending before a regulatory ageI}cy should b r' 
made public with suffic ient time for comment before 
a decision is made.>:< 

In other words , the current debate over the procedures and m .ech."l.n ·,,, > 

of regulatory d e cision-making has some impl ications for the .J :- 1: t .11 
1 

1 

and methods used in benefit-cost analysis , in terms of t e chnicali ty, 
complexity, and the level of training required to use it. 

Thus, the use of benefit-cost analysis in the regulation of toxic 
substances and hazardous materials v.rill face all of the proble rtlS •n.~n-· 

tioned by the NAS Report, and the problem of broad understandt'l' h:r 
l egal, political, and other officials , plus lay citizens , could b r· ..:.~:.i:: 

mor e acute than the problems encounter e d in environmental regulation 
to date. 

*NAS Report, ibid. , pp . 4 - 5. 
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3. 0 BENEFIT- COST TECHNIQUES FOR 
HAZARDOUS MATERIALS, TOXIC 
SUBSTANCES, AND SOLID WASTE 
CONTROL: OPENING REi\:lARKS 
AND WORKING GROUP REPORTS 

In this chapter, excerpts from the opening remarks of Lh.l·, J :.11·r 1; ­

day confer ence, wherein various areas amenable to benefit-<:u ·' •1•• • 

ysis were discussed, are first presented. This is then followr. l h·• I .ht.~ 

reports of each '\V-Orking group, corres·ponding to the seven p r• )l-1 . 1 

areas delineated in Chapter 1. O. 

3. 1 Opening Remarks : The Applications 
of Ben efit-Cost Analysis 

Within the last three years , there have been a numb e r o f conf..: r ­
enc es dealing with ben efit- cost iss ues , procedur es , and techni.ql-t·s . 
Two of the most recent were the symposium sponsored by the 0Tational 
Academy of Sciences in New Orleans in February 1975, and tb. e v,r<"11·k­

shop sponsored by the EPA Office of Research and Development (ORD) 
in June 1975 which was part of the project tha t produced this Subject 
Refer ence. 

In drawing on these previous efforts , this Subject Reference is 
fo c used on those areas and those techniques in benefit- cost analysis 
for which th.ere appears to be no ready set of answers to provide guid­
ance to EPA benefi t - cost analysts. Assuming that m uch of the theo­
retica l folUldati on for benefit-cost analys is is well establi shed, ther e 
still remain a number of broad questions that must be resolved in 
order to provide procedural g u idelines for the practitioner. 

The practitioner is the benefit-cost analyst within EPA who must, 
g iven the current regulatory situation, conduct a benefit-cost analysi s . 
The purpose of convening a group of expe rts, as was done- in the middle 
phase of the project, was to develop and recommend guidelines i.n lhc,;e 
difficult area s. The remainde r of this introducto ry s ection will :su.m­
rnarize the benefit-cost user 1 s needs and difficulties as stated in a 
series of statements made at the EPA/ORD '.vorkshop L.• J une 1975 . 
Then, a series of seven problem sections will describe the methods 
discussed at the workshop for developing a benefit-cost study to meet 
the user 1 s needs. 
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3. 1. l Fundamental Policy Decision Is SUP.S 


Which Benefit-Cost Analysts Must Face 


The nature of society places severe limits on the precision of 
ben efit -cost analysis as a policy dec i sion tool. This section reviews 
the social basis for these limits and shows how these limits impact on 
two techni cal problems of benefit-cost analysis: the analysis of indus ­
trial firms' responses to regulatory actions, and the analysis of huma n 
health hazar ds. 

11First, there is the obvious differ ence in values held 
by different segments of society. In many k inds of 
policy decisions, the critical parameters tend to be 
value judgments about the value o f life, th~ value of 
aesthetics, how much i s national security \VOrth and 
so on. There is no agreed- upon way, nor is it likely 
there ever will be, to assign dollar valuP.s to these 
parameters. Since they tend to be the critical vari ­
ables to society and to the j?Olicy decision - maker, 
there is not any scientific way o f r eaching ci. fina l 
decision, because you can always argue with the 
rn.etho<i by which ciollc.r values were as signed to 
those social values. 

Perhaps even more important than assigning dollar 
values is the problem of distribution among social 
groups, among geographic groups and over time. 
Clearly, for the decision-n-1aker at least who wants 
to be responsive to Congress and the electorate, this 
is a crucial considerati on. It may be fine to think on 
a national basis so that if you close down a chemical 
plant in Pennsylvania, you merely assume foll employ­
ment and liquidity of capital, yoLt then assert that 
nationally there will not be m u ch effect. B ut the 
people in Pennsylvania, if the plant moves to Cali ­
fornia, will not take kindly to your views. This is 
a real problem for benefit- cost analysts because 
there is not any very good way to deal with distribu­
tional problems. 11 

A siinilar set of problems involves d i stribution over time, par­
ticularly the effect on future generations and hov1 to u se the discount 
rate to deal with those ki:lds of problems . Discount rate is a problem 
in any kind of benefit-cost analysis, but in addi tion to the 11usual ' 1 
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problems when d ealing with regulatory issues with chemicals, there 
is the set of problems arising from residual chemicals in th e ,;11v ~ 1·1 ; ri . 

ment leading to very long-term effects. 

One of the technical problems arising from the equity anr:l imp;ic t 
distribution problems is whether a specific regulatory decision will 
have a major impact on the supply and demand factors for a g.i. v<-m 

•1 .chemical. This involves addressing the question of what kind:,; n1b ­

stitutes will appear i f the policy decision is to ban the chemic<.1.J. 

"From the standpoint of economics, it is possibl e tu 
assume that the benefits of chemical s ubstitutes ar e 
reflected in the market price of the chemical bann e d. 
But, is that really true? The degree to which you 
can substitute is som e times under es tirnated. 11 

A second tech.r1ical problem is the definition of 11 chance, 11 or 
probability . In dealing with toxicological or hazard data on haz anfa t o 
human health and hazards to the environment, "probability" is .a v cJ·y 
inexact and v ery often m i sunderstood word, in part because i t lia s 
more than one meaning. In the sense in which toxicologists use it, 
the definition involves the distinction between general po~uiatioa a n d 
exposed population. Also, how accurate is the research that l e d u-p to 

that first set oi probabilities? What is the probability that those esti ­
mates are right? These are £u...1damental problems of policy-mak i.ng 
in society, stated in a generally non - technical way. One funct ion of 
benefit - cost analysis is to force sorne rigor into the analysis of these 
problems, and the development of regulatory policies which are sensi ­
tive to them. 

3. 1. 2 Discussion of Regulatory Policy As 

Stated in Existing Legislation: The 

Federal fas ectici de , Fungicide and 

Rodenticide Act of 1972 


Benefit-cost decision-making enters concretely into the Federal 
Insecticide, Fungicide and Rodenticide Act of 1972. Under this Act, 
all pesticides introdu ced into interstate or intras tate commerce m ust 
be registered with the Federal government. To do this, the parti e s 
seeking registration submit data to the Agency attesting to the product 1 s 
effica cy and safety. The Agency reviews the data and determines 
whether i t meets the Agency's standards of safety. Three outcom es 
can result from this review process. 
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First, EPA can register the pesticid e for: general use. It then 
means the pesticide is available to the public at large and can be us e d 
by essentially anyone. 

Second, EPA can r egister the pesticide with restrictions . For 
example, it can restrict the pesticide to applicators who have demon­
strated competenc e in the us e of pesticides . 

Third and most dramatic of all, EPA can preclude the pesticide's 
entry into comme rce. 

The ·statutory standard under the Federal Insecticide, Fungicide 
and Rodenticide Act is !•unreasonable adverse effects . " The Act define s 
"unreasonable adver se effects" to mean any unreasonable risk to man 
or the environment, taking into accour1t the economic, social, and 
environmental benefits and cos ts of the use of that pesticide. So there 
is an explicit requirement for the need of balancing in the decision­
making process. 

"The system involves looking at risk first and then 
turning the degree of intricacy of the balancing to the 
degree cf the ris!·~ that p.::s ticide ?OS es. Ii the ris:z is 
minimal , th en minin1al balancing is in order . If the 
risk is moderate , then the degree of analysis is es ca­
lated. Finally, if the pesticide appears to pose a sub­
stantial question of safety to man or the environment, 
a very detailed benefit-cost balancing must be per­
form e d. 

Her e is one example of how the legislation is applied. 
This is based on an actual case experience. The 
Administrator of the Agency issues a notice to cancel 
the use of a c e r tain pesticide. Under the l egislation 
in this case, the manufacturer and other Federal agen­
cies have the right to ask for a full administrative 
h earing . The hearing did last a number of years and 
filled in thousands of pages of transcript. 

On this record, the Administrator suspended all but 
one or two minor uses of the pesti.cide. The applicant 
or the registrant in this case appealed his decision to 
the Court of Appeals. The D . C. Circuit Court upheld 
the Administrator's decision, and the pesticide has 
been removed from the marketplace . 
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The major issues that were argued revolved about 
whether the pesticide was carcinogenic to man upn n 
ingestion and whether certaii1 food crops would s L1J.r •'· r 

if the pesticides were not available. There was no 
application of any sophisticat ed or esoteric benefit ­
cos t methods or models. Esoteric models r elyi n.g 
on unavailable data are of no use. ti 

3. 1. 3 Discussion of Regulatory Policy 

as Stated in the Proposed Toxic 

Substances Legislation>:' 


In July 1975, there were four bills under consideration by the 
U. S. Congress. The Senate Conunerc e Com.mittee had h e J. d h(.; '1 1· rn.l!s 

on S. 776, which was a staff draft working paper dated June 6, I q t' • 

In the House, the Ekhardt Bill was the major one, and was r e.;~~- , ,,i_L.Ly 
close to the Senat e version. William Brod.head had introduced a b1ll 
favored by labor and envirorunentalists, and John .l'v1cCollister >·­'11 \ ! : 

duced one favored by indus t ry . This discussion treats the Ju:n • " . t~ .c-· 

sion of S. 776 because it is the most senior of the four. The p u " F' ·~e 
of discussing a preliminary version oi a bill is to show how conct:·µts 
oi regulation evolve in the legislative process, The language <,f ' '•· · 
proposed bill exemplifies benefit- cost thinking as it appears in k.\~ ;-,,1 

language, and this type of language should become familiar to all 
benefit-cost analysts . 

The Bill is concerned throughout with benefit-cost considerations. 
The opening policy statement, after declaring that adequate authority 
should reside w i th EPA to regulate che1nical subs tances, then goes on 
to state: 

"Such authority should be exercised in SL:ch a manner 
as to as sure that technological innovation and com­
merce in chemical substances and products containin g 
chemical substances are not unduly impede d •••• 11 

Both major authorities vested in EPA by this Act - -,. to require 
risk assessment data from manufacturers of specific chemicals, and 
to prohibit or restrict such manufacturer -- are substantively linked 

*This Workshop '.vas held prior to the passage of the Toxic 
Substances Control Act. 
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to the concept of "unreasonable risk" which, in turn, i s explicitly 
defined to mean " • •• any risk associated with the manufacture, pro­
cessing, importation, or distribution in conunerce for a specific 
purpose if such risk out weighs th e benefits. 11 

There are four significant authorities vested in EPA by this Bill 
to which benefit-cost considerations are relevant. These are: 

To require risk assessment da ta from the producers 
of chemical substances; 

To screen new chemi cal substances prior to permitting 
their production; 

To regulate hazardous chemical substa:ices; and 

To require reports from producers regarding the 
nature, volume of production, and use of the chemicals 
produced. 

The authority to require risk assessment data from producers 
is perh2..ps 4;he ~ost i~po::-ta:i~. Sec~ior. 4 Cirects the _::\.C.rni::ist!'=.tor 
to prescribe "criteria for data development 11 to assist i n determining 
whether the production of specific chemi cal substances poses an 
"unreasonable risk." The EPA is to promulgate such criteria, within 
two years of enactment, for each of the 300 substances it considers 
potentially most hazardous. Thereafter, the producers rn.ust develop 
and submit whatever data is necessary to satisfy these criteria. 

EPA 1 s authority here is broad. It may specify both the adverse 
effects of concern, selec ting any that may cause an unreasonabl e risk, 
and the particular methods and tests to be used in generating these 
data. 

In addition to specific criteria for parti cular substances, EPA 
must prescribe comparable but generi c 11criteria, 11 to be applied to all 
new chemical substances, and to substances for which a significant 
new use is proposed. It is in connection with this authority that EPA 
is empowered to screen chemi cal substances prior to their manufac ­
ture or introduction in commerce. These generic 11criteria 11 are to b e 
promulgated within one year of enactment, and anyone proposing to 
produce a new chemical substance thereafter mus t submit the risk 
assessment data in the prescribed format and meeting the criteria. 
These must be provided 90 days prior to commencing production. T he 
Administrator. then has three options within that 90 - day period: 
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He may take no action, in which case the proposed 
production may commence at the end of the 90-day 
period; 

He may promulgate a rule prohibiting or restricting 
the proposed production ; or 

He may, if he deems more or different information 
desirable, issue an order temporarily continuing 
the prohibition on the proposed production until sudi 
time as EPA promulgates a new rule r evising the 
relevant "criteria. 11 The proposed activity then 
remains prohibited until the new rule is promulgaten , 
new data satisfying the new criteria is submitted, 
and either the 90-day review period has elapsed or 
a r estrictive order has been issued. 

Section 6 of the Bill authorizes EPA to regulate hazardoll' · hPrn ­
ical substanc es . \\Thenever th e Administrator concludes that an ~1 '-,, 1n ­

ica l substanc e , new or existing, other than a pesticide , drug, f, .n•. or­

tobacco product, presents an "unreasonab l e r i sk11 which cannot be ade­
quatel y handied under other Federal laws, he must promulgate .1 n i l~ 

regulating that substance. Again, the options are broad. The c u l e 
may flatly prescribe production or use of the substance; limit the 
amount or concentratio:i that may be produced; prohibit or limi t the 
particular distributions or uses; or prescribe conditions, including 
labeling and providing instructions for use or disposal, under which 
the subs tance may be manu:'.actured, processed, imported or distr ib ­
uted . 

Finally, Section 8 would enable EPA to require any producer to 
maintain whatever records and submit whatever reports the Adminis­
trator deems necessary, including: 

The trade name, chemical identity, molecular 
structure, and loca tion of manufacture of any 
chemical substance produced; 

The us es to which s uch substan ces are put; 

The amounts prod1.1ced; 

The number of workers exposed, and leve ls of 
exposu:i:e ; and 
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Any health or safety data regarding the ch emical 
substance that is b ein g, or has been, produced by 
or for, or is known to the produe er. 

That sumn1ariz es the relevant provisi ons of the Act. The bene­
fit-cost implications of both the reporting and regulatory requirements 
regarding exis tin g chemicals are, indeed, challenging, but in the case 
of new chemicals, the probl ems become particularly so. In assessing 
the implicat ions of regulating substances that have y et to be manufac ­
tured, we are necessarily red uced to estimating what might be with 
respect to both b enefi t s a n d costs, rather than measuring what is. 
Thi s immediately introduces levels of uncertainty into the analysis 
which can very q uickly lend an Alice - in-Wonderland quality to the 
exercise. 

A nothe r problem is the relatively unspecified and open- end ed 
natur e of the proposed premarket screening p roc ess. This procedu r e 
calls for the Administrator to establish the ground rules for developing 
and submitting risk assessment data; receive a nd evaluate the sub­
mitted da ta; if deemed n ec essary, continu e indefinitely the prohibition 
on production in order to c hange the ground rdes to obtain more or 
better data; carry out a iorma.i. rui e-ma.king procedure rn modify the 
ground rules; evaluate the new data generated and submi tted in response 
to the new ground r ules ; and finally, cone eivably prohibit, and probably 
r estrict, the proposed activity on the basis of that evaluation. The 
inherent unc er t ainties in this process will certainl y affect, to a largely 
unknown extent, industr ial research and development commitments. 

In this situation, the benefits 0£ rule-making are likel y to be 
overes timated while the costs may go unreco gniz ed. Benefits will t end 
to be exaggerat ed b ecause of the invariable tendency to make "v..:orst 
case11 assum.ptions i n the process of assessing r isks in health- related 
rule-making .situations -- in order to err, if at a ll, on the side of 
safety. While reasonabl e men may differ as to the propriety of this 
tendency, it is an inel uctable asp ect oi health-related rule-making. 

11 Popular opinion to the contrary notwit!-ts tandi..11g , 
bureaucratic careers seldom founder on the shoals 
of too much solicitude fo r human health. Once 
these "worst case" assumption s have been formal ­
ized in a criteria docUJTlent justifying and providing 
the ra tion a le for a r ule, the nyperconservative 
nature of the premi ses tend to be forgotten o r 
ignored , and the 'benefit s , 1 those highly theoretical 
1hves saved,' ar e r eified. 
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In contrast, the significant costs may not even be 
recognized, much less weighed in the balance, 
simply because history doesn 1 t r eveal its alterna­
tives. Benefit-cost analysis must be pressed to 
consider the costs of not producing those goods 
that are explicitly prohibited or restricted by rule. 11 

A more serious problen1, and one largely ignored, are t h e ,..,)'.:ts 

associated with not produc ing goods as a consequence, not of expli(.;1t 
prohibi tion , but because of the damp ening effect upon industri;, I 1 • • : 'U.'C.: fl 

and development of the increased costs and risks created by l !-· ''"-< r -· 

tainti es in the rule-making process d escrib e d above. Research e.tlorts 
not und ertaken, and goods not produced, are not missed and are thc.r < ~ ­
for e not treated as costs. 

In this respect, the proposed prov1s1ons for screening and regu­
lating n ew chemicals under the Toxic Subs ranees Control Act a re sirn­
ilar to the Food, Drug and Cosmetic Act and to some provisions ri( tl'w 

Federal Insecticide, Fungici de and Rodenticide Act, first in tJ~. t ..he 
ass es s1nent of benefits and cos ts , because they necessarily d ep.::c<l 
upon an e stimation of the consequences of prohibiting or not prc :<ibiting 
an activity that has not yet occurred, is a n uncertaiJ1 exercise .:1.t h csl; 

and second, in that the relative ease of appreciatir..g the benefits of 
regulation contras ts sharply with the difficulty of even discovering the 
costs. 

While this is an extremely diffic ult problem, it is one that should 
concern a nyone interested in the benefit-cost equity aspects of health ­
related ru l e - making, s imply because it is in this area tha t overzealous 
regulation can do the most damage. 

3. 1. 4 Some Policy Decision 

Needs in Radiation 


The EPA has authority for overseeing the presence of radiation 
and radioactive materials in the general envirol"..rnent. This authority 
has been interpreted in two ways . O:i.e is to rr..aintain an overview in 
the total amount of radiation and radioactive 1naterials being deposited 
into the environment, and also one area that is a sour c e of dis agree ­
ment or conflict today in the Federal government, and that has to do 
with setting guidelines for the amount of radioactive materials in efflu­
ents from various kinds of facili ties . 

3. 9 




Setting guidelines for radioactive releas es au tomatically brings 
up the qu estion of benefit-cost (risk} analysis. It is generally agr eed 
that even low l evels of ionizing levels create the risk of canc e r in the 
environment. There are risks large enough and inequitably d i stributed 
enough that EPA would be very reluctant to apply dollar val ues to them. 
There is also the question of intergovernmental effects from radiation, 
especially when it is possible to release into the environment materia l s 
that have half-lives of 2 5 , 000 years . 

3. 1. 5 Policy N~eds in the Hazardous 

Waste Area 


Of the 280 million tons of industrial waste, 10 percent are esti ­
mated to be hazardous . Industrial waste come primarily from manu ­
facturing plants and this i..."1cludes a growing quantity of process resid ­
uals and wastes. In other words, there is a byproduct that leaves thL; 
plant. There are a lso service sector wastes from restaurants , offices, 
and rep<:lir shops. 

A growing quantity of s l udge and slu rry is going to L:i.nd d isposal 
becaus e it is an inexpensive option in many cases. One reas on for con­
cern about l and disposal is foe g1owing probl e1n of p·.iblic i.1ealfo and 
environmental damage resulting from the mismanagement of those 
partic ular wastes. ln many cases , it is a problem of no economic or 
regul atory incentives to cause the type of proper disposal. 

One benefit-cost aspect of this p r o blem i s the degree to which 
ther e must be a limit or more costly di sposal options for these h azard­
ous industrial wastes so thos e increased cos ts are at l eas t balanced by 
the envirorunental b enefits. 

"A major concept is waste sin....1<s a.'.1d how the benefit ­
cost method relates to waste sinks is a major policy 
problem. Byproducts of our society used to go freely 
into the ai r and the wate r including the oceans and the 
l ands . Congress restricted the amount going to the 
air. In water pollution, emphasis has been o.q. bes t 
practicable and best available tedmologies . 

The ocean dispo sal option is not freely availabl e to 
all and the land has become t!:le final waste sink. The 
pressure for waste disposal to landfills will become 
tremendous as the pollution control systems star t 

11taking effect about 1983 . 
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Therefore, in the macroeconomic sense, two of the medi .'1. V<\ ri · 
ables in the benefit-cos t equation for effec tive environmental c ·. C' l. rn l 
of hazardous wastes have been set, but not on the same basis. 'fbq ~;, 

with respect to the regulation of residuals di sposal to the land , the 
benefit - cost analysis must be more prec-is e since regulatory .,l• ~1.·>n ~; 

influence the last parameter or medium in this equation, as wdl as 
the final variable in industry's environmental decision- making. 

The cost side of industrial waste disposal is an easier prob l em 
with which to work. There are thirteen categories or SIC sec(,, r ,, t•J 1: 

which data are avail able on costs of current and proposed envi c . i i , .ien­
tally sound disposal alternatives, not just those limited to land d i sposal. 

The EPA Office of Solid Waste Manageme nt Programs (CIS '/lMP) 
has two studies underway of the economic impact -- in the eco n 1 , ; ; 1 i ~; t 1 :.> 

sense of the word, primary and secondary effects, on two indu::; t ries, 
of meeting waste disposal reg\.:.lations. They are the petrolew n t ··f.in i.ng 
and inorganic chemicals industry. Th.ere are also two related :· 1a d i 0; s 
underway. One is studying the feas i bility o f waste exchar.ge i..n ; (<c 
Arnerican setting. According to the concept of waste exchang e , one 
man1s waste is another man 1s feedstock. This has been very S(..lc cess ­

fully ubec:l in Europe, thereby redL1cing the amount oi waste thd. t l~ ~... s to 
be factored into the equation. A second study relates to utilizing indL1s ­
trial waste as a fuel for energy production, and both obviously have the 
potential for offsetting revenue to an industrial firm facing ultimate 
regulation. 

"Benefit- related work, as you see, i s a much shorter 
list. Based on experience in air pollution, it is pos­
sible to use negative costs to society to identify the 
benefits to be derived from avoiding improper hazard ­
ous waste management. So the EPA/OSWMP is cur ­
rently documenting on a microeconomic scale the 
costs of counterpumping wells to avoid contaminat ion 
from land disposal and the cost of redrilling contam­
inated wells . On the macro scale, t he OSWMP hopes 
to develop a way to extrapolate these individual regu­
latory problems due to improper industrial waste 
management by the end of calender year 1975. 11 

Comparing damages versus th e benefits involve both the tradi­
tional short-term aspect - - that is, the harm to the operating pe1: :.:;onnd 
affected by the waste, and a bothersome long-term aspect. This long­
term effect of m ismanagemen t of residuals is complicated by the fa ct 
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that land disposal, for example, usually affects other media like the 
soil or the groundwater or the drinking water before human receptors 
are exposed. Therefore, benefit-cost calculations are needed for 
envirorunental contamination, as well as human exposures after a 
rather complex chain of interactions. 

A second unique problem the Office of Solid Waste Managerncnt 
Programs faces is the question of renewability of the land resour c e . 
The rain, wind, and upstream snow can flush the air and the water 
contaminant loading and improve the quality over time, perhaps over 
a time horizon of months , but natural cleaning actions which might 
rejuvena te poisonous soils or acquifiers, if they happen at all, may 
happen over t.1-ie cou1·se of decades. 

Finally, a third unique factor in the OSWMP context i s that mate-­
rial and recov ery aspects of the residual disposal equation are con­
stantly changing, not only due to that ever familiar inflation which 
affects all pollution abatement costs, b ut also due to the changing avail ­
ability and prices of virgin materials. Thus, there are natural r eso ur ce 
preservation benefits that could be accrued in a benefit-cost equation 
that othen\riS e would address only the balance of pollution abatement 
costs versus pubi.ic health anci environmental benefits, 

3. 1. 6 Criteria for Application of 

Benefit-Cost Techniques 


The needs of program offices in EPA are for the kinds of proce­
dures for which benefit-cost is very appropriate, but difficult to apply. 
There is a need to be very pragrnatic, to be able to specify very con­
crete procedures and methods and perhaps to crystallize subjective 
judgments as to how to do the benefit-cost analysis. There is also a 
need to stay at a level that will enable a standard method to be used 
in various EPA program groups . 
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3. 2 Methods of Analysis in Problem 
Categories: Working Group Reports 

3 . 2. 1 Problem Category One: Economic 

Impacts/Production Net Benefits 


The contents for this section include a number of type s ,>f ,, ,. '· 
nomic impacts and appropriate measurement techniques and e:on::> 1•.k :1· ­

ations for each. The most productive efforts within this sec ti (,;; 1 • ri. 

identified to be further explicat ion of the specific techniques. Li:.~·,· c' 

techniques appear in the following order: 

Human capital approach to estimation of heal t h effec ts; 
Psychic loss to individuals from health effects;• 
Bidding games; 
Property value studies; 
Travel cost method of valuing nonmarket utility;• 
Quality-of-life indices; and• 
Traditional economic impact studies. 

Human Capital Ap~roach to Estimati on oi Health Effects. T he 
measurement t echnique for this subproblem should apply the principle 
that the cost of adverse health effects equal discounted pres ent value 
of the foregone earnings of the affected individuals either during their 
period of illness or after their death plus costs of hospitalization, 
treatment, and discounted present value of differences in burial cost. 
This technic u~ orovides a lower bound on the value of a huinan life

• 4 

because it ignores psychic loss to the individual. 

A procedure to calculate total health effects costs is to multiply 
the number of individuals of each type affected in each manner by the 
cost of that effect on that type of individual and then to sum across 
people. It may be desirable to document the .distributional effects o f 
health impacts as indicated by changes in transfer payments (court 
settlements, retirement payinents, welfare payments, social security 
benefits, unernployrnc:nt payments , etc.). 

Psychic Loss to bdividuals from Health Effects. Insuranc e 
premiums constitute an inappropriate measure since payment is 1nade 
to guarantee support of dependence in the event of death, not to protect 
an individual from risk of death. Thus, a single individua l wo uld 
naturally buy little or no insurance regardless of the value which he 
places on his life. Court settlements for pain and suffering are weak 
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measures of psychic loss since evaluation is performed by a "disinter­
ested" party, not the individual whose valuation of the psychic loss i s 

desired. 

Bidding Games. This technique involves the interview of a sam­
ple of an impartial population. The interview technique is designed to 
stimulate market behaviors by collecting information on hypoth e tical 
response to hypothetical change. The situation under study is 
described and presented to th~ respondent in detail. The interview 

criteria include: 

Pres ent facts; 

Use aids, e.g., photographs; and• 

Situation must be realistic, credible to r e spondent; 
respondent must be placed in a role and an institu­
tional setting with which he is familiar. _ 

A basic question is asked: Would you be willi ng to pay some 
amount X to achieve a given improvement in the envirorunent (or some 
subs et thereof)? The question must also: 

Specify means and instrtL.'llents of collection of money; 

Circumvent the free-loader problem, if a public good• 
situation; 

Enable the agg:.-egation of results over the population; 
and 

Use several kinds of bidding games to provide a check 
on reliability of answers (posted validation). 

The interviewer may collect social and economic data, which 

may be used in interpretation of results . 


Pro~ty Value Stndies. The characteristics of the environment 
of a parcel of land are inseparable from that parcel of land. Conse­
quently, in purchasing a parcel of land, a person unavoidably also 
commits hims elf to the consumption of these environn1ental character­
istics. Thus, the value which the buyer of land attaches to these envi­
ronmental characteristics should be reflected in the price which he 
pays for this pare el. Conversely, the application of any policy which 
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impacts upon quality of the environment of some n umber of pa"<' ' l ·· '> f. 
l an d should cause a c hange in the v a lu es of thes e properties. :>L<• 1 : :; 

tical techniques (particularly r egression analysis) can, in som e 
instances, isolate the net effect of this application of policy upon lhe 
values of parce ls which are impacted by these changes in env.i1·nrn 1 • "1 la l 
quality . 

Problems in conducting prop e rty value studies include : 

Desirability of transactions pri ce data, which reih·c t ;,; 
actual exchanges, relative to assessment data a s a 
measure of prope rty value . 

Need to control for effects of all variables whose 
change can a ffec t property values. 

Identification of relevant variables (e. g ., site 
improveme n ts of parcel, public facilities serving 
parcel, socioeconomic characteristics of the 
neighbor hood of the pa rcel , etc.). 

.. Obtaining data to measure e a ch of these variabl es . 

Statistical problems in estimating property value func­
tion s - - especially multicollinearity problems - - may 
cause interpretation of results to be difficult. 

Tech..."lique is difficul t , if not impossibl e , to apply when• 
the properties which are l ikely to be affected by a par ­
ticula r policy cannot be readily identifi ed, 

Cost of as sembling data set des cribing a geographic 
area whi ch is large enough to capture these impacts 
may be prohibitive . 

Estimating r elati onships for an ar ea which is too 
small to captur e enough of thes e impacts n1ay pro­
vide unr eliable es timates of these impac ts. 

The cost of assembling an a cceptable da ta s et when the availabl e 
data are not in the desired form can be extr emel y high (e spe cially in 
ter ms of man- hour s required to manipulate the available data) . E" ;P J.lly , 
observed prope r ty values cons titute a lower bound of v a lue of the prop ­
erty to i ts owner. Consequently, the measured values of environmental 
impacts are lik ely to be lowe r bound. 
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Travel Cos t Method of Valuing Norunarket Utili~. Utility theory 
provides the basis for an evaluation procedure based on empirical 
demand functions of the form: 

Z1

where : Or = quantity of recreational activity; 

p = travel cost as a proxy for price; 

I = income; and 


1 •• • , Zn = other explanatory variables . 


These may include travel distance, environmental quality, other 
recreational activities, taste and intensity of preference among others. 
Consumer surplus can then be determined by either discriminating 
monopoly revenue method or monopoly revenue method. 

Assumptions required for the travel cost method are: 

Households assume to react to fees in the same way• 
as travel costs; 

Houi:;eholds maxilnize a utility function subject to an• 
income constraint; 

Households have monogeneous tastes and preferences 
(except in Siden 1 s generation of the demand function 
from individual indifference curve maps); 

Data acquisition by interview or questionnaire;• 

Appropriateness of travel costs as a proxy for price; 
and 

Appropriateness of assUinpti~ns. 

Quality-of-Life Indices. Sociologists and psychologists are work ­
ing on quality-of-life i..--idices which tak e a matrix of quality-of-life indi­
cators and compress it all into a matri."< number: 

Useful fo!" comparison, i .e., is the impact benefi cial 
or adverse for quality-of-life? 

Not for a dollar figure: cannot be incorporated in 
benefit-cost calculation. 
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Traditional Economic Imoact Studies. Traditional e c ono?uk 
impact studies require an ass essment of the cos ts and returns .. t pr,1 ­
duction process changes and subsequent effect on profits and c on~·111n .-'!r 

satisfaction. These studies are adequate for evaluating the impacl of 
a change when the effects can be expressed in monetary tern1 ;:; . l'''u" 
study contains the following analytical components : 

Factors affected:• 

.. 	 Production costs - - internal and external to 
the firm: 

... Quantities used; .. . Costs of production inputs • 

Returns: 

... Quantities produced ; 
Quality of product; 

... Pric e of product• 

Description of techniques : 

Linear prog r amming; 
Regression a nalysi s . 

Reliabl e coefficients are availabl e for use in the analysis . Tney 
can b e readily obtained through sampl e s u rveys , cens u s, engineering 
studies, and experi.m.ental data. Reliability depends upon reliability 
of the co e ffi cients used in the analysis . 

The cost of the study varies with r espect to l evel of aggregation, 
n umber of alternatives or activities considered, and availability of 
s econdary data , e.g.: 

The need to generate cost and return data will add• 

to the cost; and 


The larger the number of alternatives or activities 
conside red, the greater the data costs and costs of 
analysis . Costly fa!' small area implication. 

0 
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The dollar magnitude of impact i.s the prirnary indicator, i.e., 
one should make the attempt to put dollar values on the big items even 
if techniques are relatively unreliable. One should also make an a 
priori estimate of the range of magnitudes of all relevant varia bles. 
One should measure carefully the big items (i.e., those with large 
expected magnitudes) and those with potential catastrophy but low 
probability. Then it is possible to make a priori estimate of reliabil ­
ity of estimation techniques and data. 

There are t\vo types of error: 

Failu re to estimate in dollar t e rms a large item;• 
and 

Make a wrong estimate - - if expected value of the 
error (due to failure to i nclude expected value of 
error in estimation) exceeds cos t of making esti ­
mates, make the estimate. 

3. 2. 2 Problem Category Two: 

Envi.rorunental/E cological Effec t s 


The release of a substance into the earth's environment may 
affect non- human ecosystem components in various ways such as: 

Immediate damages, i.e. , injury or death to present 
generation; 

Del ayed or latent effects that may appear at som e• 
future date in pre·s ent generation1 s life span; and 

Future effects that may recur in subsequent g enera ­
tions resulting in long-term population shifts, i. e. , 
s ome species may decrease or disappear, others 
may increase or shift to dominant positions. 

Substances may be released into environments in a single dosage 
in a chronic continuing release over a long period of time. 

Dimensions of Ecologj.c L.-npacts. Effects may occur in plants, 
animals, i.e., both micro and macro flora and fauna. Some affected 
organisms (species) may be major envi ronmental component s; others 
may be minor or very lirr.ited components of the envirorunent. Some 
may be of obvious importance to people; others, of no obvious benefit 

3. 18 




or significance. For example, compare the major primary a u : .. ·tr 1IJb :;. 
i.e., photosynthetic producers with an obscure little-kno\.vn ve ..· L1,;.:.:•r a Lc . 

In some instances, the environmental component is of an obvi 0us 

value that can be assessed in monetary terms, i.e., major crvJ! 1:L:..r1t~;. 
In others, such as song birds, monetary evaluation is essenl.i~· ! l-, '!J !i . 

sible. Some ~ffects are quantifiable in non-monetary terms i ; : , 1 t • .. , : ­

bers of individuals affected, etc., whil e others such as aesthd .ic <• • ·J ,:d::; 

may not be quantifiable in any sense. 

Ass es sment of environmental effects in a benefit-cost anaJy:;i s 
will require a maximum effort on the part of the analyst. It is ;ip :i.r r~;:i 

fraught with pitfalls. Major problems begin to appear at the <: • 1 : 1 ·. ' .,; l 

level even before the mechanical process is ir..itiated. Three m,L ,~1 r 

problems, both from the conceptual and mechanical view a re: 

Integration of apparently non-commensurabl e effects 
or values; 

Equity and long-term effects; many envirorunental• 
effects occur over the long term; and 

Because of the indirect data available to some• 
instances, the likelihood of a given envirorunental 
effect occurring can only b e described in terms of 
.E_isk and probability calculati ons. 

Environmental effects may range from minimal to cata strophi c. 
The single trauma to a few individuals in a species is rapidly obliter­
ated in a few or even in single~ new generation of a species. On the 
other hand, a chronic continuing effect to a major complex of primary 
autotrophic producers, i.e. , N-cycle bacteria, photosynthesizers or 
heterotrophic decomposers, may result in drastic or complete over­
turns of life on earth as we know it. The analyst must dis t inguish 
severity levels and significance of effects to be documented or pre­
dicted. 

Effects may appear in all aspects of the earth e cosystem. T ech­
niqu e s should be created to ensure that the analyst does not n eglect or 
miss an i1nportant aspect of impact. Various ways are available to 
accomplish this : two most common are the checklist system and th e 
impact matrix. On one side of such a matrix are listed all possible 
effects and, on the other side, all possible "effectors 11 or impaction 
mechanisms. The major benefit or use of such .a syste1n i s the r apid 
scanniri.g of a situation and the minimization of omissions. 
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Basic Measurement Problems of Ecologic Effects. faformation 
on environmental effects seldom directly measure effects in an eco­
logic sense or even "au nature. 11 Much environmental data consists of 
toxicologic studies of laboratory animals or measurement o"f residuals 
of toxic substances as they occur in the environment. Very little data 
exists relating or extrapolating laboratory ani.Inal toxicology to the 
significance of residuals. Modeling and simulating ecosystems needs 
further work, and the incorporation of toxicologic factors and ;.·es idLials 
into indicator or predictive schemes has barely begun. Indicator spe­
cies for extrapolation have been suggested as techniques for apprais a l 
of larger or more complex impacts but again this has not yet been suc·­
cessfully demonstrated. Hence, at present, only indirect apprai sals 
can be made based on intuitive or deductive processes from the limited 
available data. This places very severe constraints on the use of such 
data for expansion into finite ecologic effects. 

Some emphasis in o ther aspects of environmental assessment 
has been devoted to energy budget techniques for the various organisrns 
and trophic levels in an ecosystem or land or water area. This '.vould 
appear to be very successful in modeling severely disturbed ecologic 
contents situations, i.e., highways, buildings, and surface mining. It 
is oi limited use in the more subtle areas oi effects where single spe­
cies are involved and the affected groups do not produce a significant 
energy value. This latter condition would be true of the toxic sub ­
stances area. 

It is anticipated that in the near future, environmental/ ecologic 
modeling I simulation v.rill rapidly upgrade the quality of information 
available to the benefit-cost analyst. In the n1eantime, extrerne cau-· 
tion should be exercised. 

Toxic substances may affect both market and no:runarket areas . 
For example, the agricultural corrun<;>dity prices of plants and animal s 
can easily be dealt with using market data. However, the market areas 
are diverse and the analyst should be alert to this diversity. On the 
other hand, many of themore controversial and emotionally charged 
effects will occur in the nomnarket areas. These will inv.olve the eco­
system in its entirety and may range from aesthetic scenic beauty con­
cerns through endangered species to classic '~pest 11 plants and animals, 
i.e., snakes or poisonous plants. 
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The non-market areas may be quantifiable or non-quant i. fi;:i ~;k 
depending on the quality of the data available. Even forther, ::; c rn <~ 
non-market a reas may not be quantifiable under any circums h ;" :·~ 

such as certain aesthetic values . ·wherever possible, effects s ho uld 
be quantified. This step alone is a vast improvement over a rn .- .1.· -.: 
description or a narrative statement of the problem. HowevcJ. r11!.1.n ­

tification must be based on sound data or predictive models. Ti , w i.Jl 

be especially difficult in areas of wildlife or fish populations . P ~ ' -· 
centage estimates should refl .ect some measure of total popul<~l:in n s. 

A rnajor problem exists in the task of commensurating no1 1- P1one ­
tary quantifiable effects. The core of the problen1 is the divf'r " ' natu r. e 
of the impacted organisms . The problem is to weigh or inte .!: c . · 
impacts on fish, ospreys, rattlesnakes, starlings, azaleas, 1.1. 1 r J'•>: :en 

cycle bacteri.a, and hundreds of other species. The variabl e .:; •n .1 y 
occur between t rophic l evels of the ecosystem or in geographir ;i lly 
diverse areas. Seldom is a species eliminated; rather the effo:, L ar. r·; 

more subtle, often resulting in a shift in popul?..tion numbers ·t •.:·;•.11ting 
in a balance change that may be expressed only i n the long ternt. 

Envirorunental effects may be short-term or long- term. Often 
short-te rm effects may be meas>.Hable but the probability exi~ ts that 
an ultimate long-term spillover or carry-through will be involved. 
These effects can be defined or estimated only through probab illS: or 
risk techniques. In some instances, the effect may be involved i n 
reaching an ultin1ate conclusion. This would be true with mutages , 
teratogens, ·radio nuclides, and food chain carry-through persistent 
toxicants. 

Non - quantifiable eHects may be extremely d ifficult to integrate. 
In m .ost instances, the effect or impact must be j udged in t erms of 
human subjective value systems and thus are innately a part of socio­
economic value systems and the individual' s frame of ref erence. A 
nwnbe r of tech..'1.iques have been proposed for the creation of non­
monetary aggr egating units without successfully dealing with the issue. 
Two possible approaches discussed were: 

To use monetary units wherever possible through a ll 
conceivable transformation techniques such as: 

0 

.. Bidding games (willingness to pay); 
Recreational and scenic expenditures; and 
Aesthetic expenditures • 
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The creation of non-absolu te relative integra t ing 
units using various techniques to assign value to 
environmental components, i.e., Delphi proce­
dures. 

Numerous drawbacks were noted in both areas. Alternatively, 
it is possible that non-monetary effects can be aggregated into a struc­
tural priority ranking system that would allow the effects to stand alone. 
Such a system is explored in ~he following discussion. 

Typology of Ecologic Effects. The following system ranks non­
n1onetary ecological effects into three categories for purpos e s of 
aggregation. It does not attempt to aggregate monetary effects. Cate­
gory 1 is an inventory of effects which sh~uld be aggregated only after 
Category 2 effects have been aggregated unless the decision-maker 
dictates otherwise. In other words, there i s a greater necess i ty for 
the decision-maker to address non-monetary ecological effects \>:.:hich 
impact life support systems on an individual basis than it i s for the 
decision-maker to address each impact on marketplace organisms or 
aestheric organisms. 

Category, 1 : Life Sup?o rt Organisms 

Natural biological and biochemical cycles 

.. Nitrogen .. Carbon including photosynthesis 
Hydrogen .. Other 

Energy transformations 

Between trophic levels 

Chemical transformations• 

Oxidation 
Reduction 

Physical envirorunent 

.. Atmosphere and clin1ate .. Geologic and hydrologic 

Subtle indicator species not appropriat e to pface 
elsewhere 
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Category 2: 	 Marketplace Organisms Where Not 

Quantifiable in Monetary Terms 


Food 

Feed 

Fiber 


Category 3: 	 Aesthetic Organisms 

Valued by mean for itself 

Rare or endanger ed species 
Huntable, fishable, observable in non­
commercial amounts 

Envirorunental ameniti es 

Beauty .. Non-health-related clean air , water, and land 

Other unique social utility 

Contribution 	to cultural values 

The prec~ding typology must then b e used to incorporate environ­
mental and ecological effects into the total b enefit-cost analysis. 

Ecologic Analysis in the Decision Context. As shown in Exhibit 
3. 1, the environmental effects should be evall.lated in a number of 
stages d epending on the context of th e decision problem. At each suc­
cessive stage, additional level s of deta i l and information w i ll be brought 
to bear on the decision problem. The analyst b egins with some prior 
state of information based on literature results, available expert opin­
ion, and hearings data . In most cases , th e r e will be significant ques ­
tions over the reliability of the data . Some of the information will be 
imprecise (as, for example, assessing the number of trout that will b e 
l ost) and other information will be of questionable r elevan·ce (as, for 
example, extrapolating damages to bird population s from L C50 data 
on sunfish). There may also be a problem of knowing what kinds of 
effects to even look for and try to project. 
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EXHIBIT 3. 1: 	 Evaluation of Environmental/Ecological 
Impact Information 

Quality of Decision Quality of Cost, Time, Probable 

Information Options Information Success of Getting 

<,..>. 

Prior 
Information 

Preliminary 
Evaluation; 
Evaluate 
Suitability for 
Benefit- Cost 
Analysis 

Sensitivity 
Analysis 

Additional 
b1formation 

Additional Information 

Interim or Final 
Analysis 
Inforn1ation 
Reviews 

Forward 
~-b... Data for 

Total 
Analysis 

Accumulation 



• • 

•• 

Given this prior state of i nformation, the analyst must n1·· }'y 

some judgment as to whether additional information should be g 1Ll ' ('n ·d 

befo re integrating the environmental effects information into th e' h(!!IP·· 

fit-cost analysis . This is b es t done in an i terative fashion by first 
evaluating the decision alternatives in the c ontext of 

/ 
the best i1, ' JCt .-.i. ­

tion currently available and then performing sensitivity studies to 
det ermine whether the d ecision would change by varying the in; . l;:i.h 

or reasonable ranges . If the decision is sensitive to changes J1 1 • 

input da ta, then efforts should be directed toward improving the ddta . 
This 	might be done by inco1·porating the inputs from a wider s e t of 
experts, or, more likely, by carrying o ut new r esearch. 

Th e d ecis ion to actually undertake additional informat ion ~ 1 l h <: r-· 

ing activities would also depend on a number of other factors i ri, 1d1Hg 
tim e , cost, and the perceived likelihood of being able to obtain '/. · 
desired r esearch res ults . Thus, for example, it would be in£eas 1bie 

to undertake a one-year data gathering e ffor t if the decision had '-, bt! 

made in one week, no r should five million dollars be spent on a ·ine 
million dollar decision. 

A complete outline o f a typica l preliminary evaluation follows: 

Problem evaluation 

Placement of p roblem in total context, setting, 
or perspective 
Accumulation of existing data from 
... Hearing s 

Litera ture surveys 
... Other sources .. 	 Identification of impact a reas through 

Checklists ... Matrices 
Other sources 

Precision and relevance of data 

G • 

Additional info rmation needs estimate 

.. 	Identification of areas requiring more or better 
data (possibly from checklis ts or matrices) 
Development of cost and means to acquire data 
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After sensitivity tests indicate areas in which to proceed, corn­
prehe nsive analysis should be conducted in the following manner: 

Identify and bound decision 

•• Identify toxic substance(s) 

•• Identify transport and transformation phenomena .. Identi fy ecosysten1s, population, etc., at risk 
Plants 
Anin1.als 
Non-living entities .. Identify spectrwn of host responses (e.g., 

cancer, death, etc.) .. Establish range of respons es (perhaps as func tion 
of time) 
• • • Most likely 
... Extrem e poin ts ... If necessary, develop probabilistic assess­

n1ents 
Charact erize biological significance - ­ expand 
Characterize scale and severity o f problem 

Present results in units of terms that decision-maker 
can easily identify with 

May use different units for different consequences 
• • Pob.t out impa cts on human values , although final 

value as signme:it res ts with decision-maker 

Guidelines for ranking of 11importance 11 of various effects: 

_geographic Scale 
High 	 Global 

National 
Regional 

Low 	 Local 

Time Scale 
High 	 Irreversible 

Continuing 
Repetitive 

Low 	 One Time 
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Functional Scale 
High Ecosystem -­ function, stru ·:; tu r(; 

Communities 
Species 
Populations 

Low Individuals 

3. 2. 3 Problem Category Three: 
Hwnan Health Effects 

Listed belo·w are recon1.mendations and conclusions on sel e c ted 
topics. 

Focusing the Benefit-Cost Analysis. At present, time and 
resource constraints prohibit an in-depth benefit-cost analy sis fo r· ;d.l 
toxic substances and other hazardous materials . To help focus ::;u·-b 
efforts, initially one must decide if a substance is causing con e en1 , 

vis-a-vis, its human health effects. Events that lead one to b(:l : . v e 
that human health effects exist include: 

Legislation; 

Politics (Congressionai pressure); 

Press; 

Epidemiological data; 

Incidents (accidental poisonings, pollution 

episodes, safety data, etc.); 

Exchange of information via literature reviews; and 

Foreign regulatory activity. 


Quantifying Human Health Effects. The following guidelines are 
of note when attempting to quantify htunan health effects: 

The star ting point of quantifying human health effects 
must begin with an identification of the nature of the 
health effect that may result to the population at risk 
(e.g., is it death, acute short-term illness, chronic 
long -term illness, future generational effects ... etc.) . 

In all health-related rule-making, _a dolla!· value is 
implicitly placed upon human health effects. These 
values should a lways be made explicit. 
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The principles us e d to assign these values shoul d be 
consistent, and consistently applied, throughout th e 
Federal health-related rule-making process. 

The benefit- cost analysis must be designed and con­
ducted in such a way as to treat rationally the uncer­
tainty regarding the relationships between the sus ­
pected chemical and the adver se effect. Specifically, 
care must be taken not to over emphasize the impor ­
tance of a problem simply because the causal rela­
tionship is certain, on the one hand, or fail to addr ess 
sufficient attention where causali ty is less well estab­
lished o:i the other. One must pay close attention to 
the magnitude of the hazard (i . e. , who and how many 
are a!fected), as well as the severity of the effect 
(i . e., how debilitating is the effect). 

Data Reouirements. The kinds of health effects data needed fo1· 
a benefit- cost analysis include, but are n o t limited to , the following : 

Toxicity, use patte rns, route a n d level of exposure, 
and disposal pattern of the substance in question. 

Population at risk to the pollutant. 

What percent 0£ the population at r isk is affected by 
the pollutant. 

What kinds of adv erse heal th effec t s will res ult from 
different pollutant exposures. 

Age-sex distribution within adverse h ealth effects 
category. 

Degree of severity within each category•• 

Inc01ne distr ibution within disease category. 

Percent of incidences within each category resulti n g 
in: 

.. Restricted activity days ; 
. . Work day loss; 
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•• Physician visits; 
Hospit,:i.l ad.missions; 
Death; .. Etc• 

Establish confidence bounds around all estimates 
above where applicable. 

Extrapolating from Animal Toxicology Data. When extrapolati ng 
from animal toxicology data, attempts should be made to corr (': a i ~ 
positive or negative animal data with available human finding s · 1 rh,: 

basis of rr1etabolic pathway information where available. That is, w h en 
discrepa ncies with animal experiments appear (i. e . , positiv e 1 ; ••• t, , , !U.i 

in one species and negative findings i n another), resul t s from i..n ,1 · ,:; '·· 

cies mos t similar to the huma n being vis-a-vis metabolic path w.,ty .;, , 
should be favored. This necessitates an increased effor t in metabo­
lism studies in such instances. 

Furthermore, for the purpose of informing, rather than d 1 stor t­
ing the benefit-cost analysis , toxicological experiment s and extrapo­
lations therefrom should be designed and implement ed to yield th e ~st_ 

(i.e., most likely) es tirnate s of risl.<:, as well as foe traditional c v nse.r ­
vative estimates. 

Use of Epidemiological Data. In assessing health effects, epide ­
miological studies should be used (if available) in conjunction with 
standard toxicologi cal tests. The fonner deal directly with humans , 
but leave the causal relationships unclear, while the latter establish 
causality, but pres ent p robl ems o f extrapolating to humans. 

Available Data Sources. There is a spectrum o f human health 
effects data ranging from chronic exposure to toxic substances to one­
time exposures, often of a catastrophic nature, s uch as fires, explo­
sions, or massive acute exposure to a toxic s ubstan ce. The methods 
of quantifying the former are the most difficult. Data on the latter 
may often be deterrnined from local, state, or Federal accident 
records; industrial or labor union records; industrial association 
records; etc. 

A number of data sources are available for supplying iniorn'lation 
in various areas, e.g.: 
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For 	epidemiological data:• 

.. National Center for Health Statistics (NC::-IS); .. National Cancer Ins titute (NCI); .. Community Health Envirorunental Surveillance 
System (CHESS)/EPA; 

•• Decennial Census - ­ characteristics of United 
States population; 

•• Trade associations; 
Scientific literature; .. Labor organizations; 

.. State and local health departments; 
National Institute for Occupational Safety and 
Health (NIOSH); and 

• • Univers ities / hospitals Ir es earch centers • 

For 	exposure and n1onitoring data: 

STORET (water quality)/EPA; .. SARODS (air quality)/EPA; 
.. National Emissions Data System (NEDS)/EPA; 

United States Geological Survey lUSGS); .. United States Department of Agriculture (USDA); .. Food and Drug Administration (FDA); .. Consumer P roduct Safety Commission (CPSC); .. Fish and Wildlife Service; and 
Other Federal, state, and local regulatory agencies. 

For 	toxicological data: 

Carcinogenesis Technical Report Series /NCI; 
Carcinogenesis Abs tracts /NCI; .. 	 TOXLINE; 
MEDLINE; 
Chemical Abstracts; 
International Agency for Research on Cancer; and .. 	Water quality criteria/EPA; State of California; 
Others. 

For 	occupational data: 

County Business Patterns (by SIC codes); 
Census of rvianufac tures; 

3 . 30 



.. Dunn and Bradstreet; 
Deceru1ial Census; .. Trade and labor associations ; and 
Chemical Economic Handbook (Stanford 
Research Ins t itute ). 

For costing health effects : 

National Center for Health Statistics (NCHS); 
Social Security Administration (SSA); 
U. S. Department of Labor ; 

American Hospital Association (AHA); and 

U. S. Departrnent of Commerce. 


Additional Data Needs. For purposes of conducting a b e n efi.t ­
cost analysis, it is recommended that human health effects d at.1 be 
presented in a form amenable to economic analysis . This ""ould 
include, but not necessarily be limited to, certain age-distrihl1 tcd 
socioeconomic characteristics, degree of s everit:y of the give, 1 h··~llh 
effect, population at risk, and the percent of the population al r 1sk 
which would be adversely affected per identified health effect. This 
require~ that the e conom:.s: "'·~rk -.\·:.t~ the epic;:;~iolog:.s: a::.c ~cx.~cc.1 -

ogist in the early stages of planning and implementing epidemiologica l ­
toxicological studies undertaken to gather the data. 

3. 2 . 4 Problem Category Four: Integrating 
Non-Conunensurables 

Us er A ggregation Issues. The n eed for compari s on and juxta ­
position of disparate kinds of data by decision--makers in the toxic 
substances context requires compilation and distillation of many vari ­
ables. The n eeds of the decision-maker require the comparison of 
very disparate variables which must somehow be weighted or valued 
in making his decision. These variables measure the effects and 
impacts on each separate alternative action or investment available 
to the decision-maker. 

,. 

The decision-maker is a human being with human capacities for 
absorbing, comprehending, and responding to detaile d information. 
He must comprehend both qualitative and quantitative, numerical, and 
narrative kinds of information. Two kinds of data aggregation are 
involved in the decision process: 
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The aggregation, or disaggregation, of variables and 
sets of data by numerical or statistical procedures. 

The aggregation or disaggregation of variables sub ­• 
jectively by interviewers, decision-makers, the gen­
eral public, and technical analysts. 

Each type of aggregation overlaps the other in terms of techniques 
and concepts, but the actual decision or choice of an alternative action. 
is probably an aggregation of the second type. The comparison and 
weighing of two types of disparate variables is sometimes included i n 
the term 11aggr egation. 11 

Relevanc e and Comprehensiveness. The goal of benefit-cost 
analysis is to quantify all types of variables related to the analysis, 
and to describe narratively those variables which are not quantified. 
After such quantification is achieved, the decision-maker must d e cide 
whet.l-ier he has obtained data on variables which are relevant and which 
are comprehensive. 

Relevant variables are those which enable the decision-maker to 
distinguish .among alternative actions or investments . These reievant 
variables should measure both benefits a nd costs. If the decision­
maker is satisfied that he has obtained all variables which discriminate 
among alternatives, he has achieved a comprehensive analysis. 

Data '\Vhich measure benefits or cos ts should be aggregated or 
disaggregated to test whether they are relevant. County-level data on 
acr es impacted by alternatives may show no difference among alterna­
tive actions when aggregated by state, but they may discrilninate among 
alternatives when aggregated by farm size. 11Acres per farm by size 
of farm 11 is thus a relevant variable, although 11acres per state 11 is 
irrelevant. 

The impact of the alternatives available to a decision-maker 
should be in terms of "crop loss per acre, 11 as an example. 11 Tons of 
crop loss 11 and 11acres impacted11 are a simple example of-·non-commen­
surabl e variables. 11Acres of wheat impacted11 and 11acres of corn 
impacted" are also simple non-commensurable variables, but these 
~be aggregated under the relevance rule if other r equirements are 
also met. 
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These other requir ements include: 

The variable must b e in the same physical unit s, 
i.e., acres. 

The measurement must have significance to the 
decision-make r as determined by his decision­
making scope and power. 

The m. easurem.ent must have social face-validity•• 
lvleasurements such as number of "exposure tim e " 
or 11organic-ring cleavages 11 may be so t echnical 
or obscure that they are useless to deci sion-maken; . 

Data must satisfy the decision-maker's priorities 
for importance as dictated by h i s subjective r equire­
n1.ents. Health effects variables should be aggre­
gated ii some high priority variable, such as cas es 
of cancer, is not obscured by the aggregation. 

The value o f measures which are not aggregated 
should be careiully assessed. The value of swallo"VJS 
not returning in the Spr ing and of deer not using a 
traditional path may be aggr egated into ''wildlife 
affected' ' only if the fact of the event does not have 
greater impact than the actual numbers of birds or 
deer. 

Data should not be aggregated over time if the pro­
jection of a trend has individual significance. The 
presentation of data to a decision-n1.aker should 
hav e codes or footnotes which will enable the deci­
sion-n1.aker to quickly assess what details have been 
obscured in the aggregation. 

The above rules for aggregation should be seen as user or con­
sumer rules. Ma:-iy other technical rules must be applied. in ma1<.ing 
choices of aggregation. These technical rules are discussed in late r 
sections below. 

P.nalysis Set-Up Considerations. The scope of the non-comrnen­
surable problem encompass es both monetary and non-monetary value 
systems. There are three basic results which should be included in 
the ben.efit-<;ost analysis: 
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The dollar value of damage versus dollar for abate ­• 
ment ; 

The relationship between physical tangibles and 
monetary values SllCh as how land is evaluated in 
dollars; and 

The rol e of non-tangi bl e entities such as interest 
groups and their ability to impact cost analysis . 

In defining scope, enough fl exibility must b e provided to either 
aggregate or disaggregate by categories or units. The scope of bene~ 
fit-cost should be broad enoug h to tie the relevance of the variables 
together in order to establish some form of l ogical linkage across 
space and time. The scope must also be designed to deal with antici­
pated responses from population subgroups with some degree of trans­
l ation to evaluate the effects upon interest groups . 

Once this step has been achieved, the l evel of effort required to 
present r esults of i...-npact analysis must be specified fron1 an agency 
viewpoint. Basic ground rules for consideration in defining the level 
oi effort are : 

Th e l evel of lmcertainty of possible impacts will 
dictate the initia l level of effort. 

The public inter est entities such as government 
agencies and inter est groups will dictate s pecific 
technical areas of investigation. The analysis 
should be designed so as to provide as broad as 
possible public understanding of the scope and 
context of technical data. 

Interest Groups the Decision-Maker Should Consider. A number 
of different groups may be affected by EPA decisions and may, there­
fore, be str ongly interested in an attempt to influence such decisions. 
The decision-maker should logically, then, be aware of the existence 
of such groups on any particular decision and to take into account their 
existence and characteristics . · 

The interest groups, in general, can be classified into at least 
thr ee major categories , and numerous subcategories, which can vary 
in importance wi th the technology or expected investments involved in 
a particula r de c ision as fo llows: 
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Users and benefactors of the technology or proposed• 
inves trnent: 

Users who receive direct economic benefi ts: 
• , • Manufacturers (inc luding trade ass ociatln11 s ); ... Users: farmers (including farmer organiz.a­

tions) and homeowners ; 
Agencies which promote or use t'le technology in 

the public int~rest: Public Health Service, lJSDA 
(Will there be interagency conflicts?); 
Cons um er of food and products produc ed with tl1 e 
help of the technology (e. g ., food from pes tic 1de::> ); 
State or regiona l proponents, e .g., those seel·in•; 
a favorable balance of trade from export of sta~d .rn 
g r a in. 

R egul ators of the technology (i. e. , other than EPA): 

Executive and independent agencies: HEW, USDA , 

DOI, NASA, ERDA, etc.; 

Legislative, n ational, and state agencies ; 
.. 	 Judiciary: Will the decision im.mediately be cnal­
lenged in the courts and what precedents exist ·1 
Foreign: Do other countri es regulate the tech ­
nology differently? 

Receptors of the perceived adverse consequences 
involved in the decision : 

Natnre of population dir ec tly threatened: 
• • • Occupational: Is a special labor category 

a union involved? 
, • • Local or regional public; 
, • • National or global public; .. 	 "Public inter est" groups : 

• • , Environmentalists; 


• , • Cons umer advocates; .. 
Professional and scientific associations; .. 	 Other special interest groups , e.g., ethnic or 
religious. 
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There 	are several other factors related to these groups a s follows : 

Special characteristics of the interest groups:• 

.. 	Abilities to assemble and int egrate information 
which might be helpful in the decision process; 
Abilities to gain news media and political attention; .. 	 Socioeconomic class es represented; 
Member ship totals and national reputations; 
Previous "track records 11 as to mode of action, 
e . g., cons tructive, effective, res ponsible , far­
sighted, political. 

Other indicators of general public concern about the• 
problem being considered: 

Public opinion polls; 
News 	media coverage: 

Printed media, e.g., number of entr i es in 
New York Times Index, Readers Guide, 
Business Periodicals Index, Wall Street 
Journal fr1dex; 
Electronic media, e.g. , network television 
spec ials. 

Integrate the input potentials o f the interest groups for 
this particular decision. 

~1easu:rement Issues. Operationalization of desired measures is 

an important and sometimes difficult task. Sometimes it is very 

straightforward, e.g., income. This is usually measured in dollars 

(in the United States) and is easily and readily understood. A less 

straightforward example is health. This can. be, and is variously mea­

sured, e . g., a subjective self-perception - - excellent, good, fair, or 

poor. A past medical treatment record on a diagnosis or examination 

could be used. An even more subjective measure of benefits and costs 

is attitude toward a given phenomenon, ·such as pollution. ,. 


One probably essential aspect of operationalization is validi!Y_ of 

the measure. That is, does the measure really reflect the concept it 


·is supposed to reflect? In the above exarnples, income pres ents little 
problem since it is measured directly. Inc01ne i s simply dollars per 
unit time per individual or group, Health presents more difficulties 
since the individual1 s perception may not adequa.tely reflect the "true 11 

3. 36 




state of his health. Similarly, blood pressure or EKG result~ k r ....,1­

reflcct "health" in all its aspects . Even the physician's over:; ·. c ur, ­

ination and report may or rnay not comple tely reflect the "true" state 
of health. 

A second absolutely essential aspect of operationalization j f" r eli ­
ability of measures . Reliability simply means obtaining (near '. ) '~; :..! 

same reading in successive observations of a g iven subject. ( ;,. . :.• 
back to the above examples, income may be very reliably measur e d 
from certain records but much less reliable when determined. I ,, , '<1 1: .~ 

peopl e since many people are reluctant to r eveal their incom~! ~·. f"d 1 i.; : : ­

ularly if they are self- employed. Similarly, health measures are di f ­
ferentially reliabl e , blood pressures may change from day-to ··day ;:.1ad 

doctors ' diagnoses may or may not agree. 

The point is to be aware of validity ar~d reliability and to take 
care to keep both as high as possible. 

The definition of units (scales) should be, whenever pos sible, in 

fan'liliar units and/or in t.:.nit.s which lend themselves to or suggest 
amelioration. For example, loss of employment l eads to loss of doUa r 
income and also to a certain amount ot social and psychoiogica i sLr e ss . 
However, measuring social and psychological stress to dollars w o uld 
not suggest the kinds of compensation and h e lp such people would n1ost 
need. Although it may be very tempting to r e duce everything to one 
common denominator - - dollars - - such a simplified measure can in 
no way adequatel y reflect all aspects of the problem . 

Rules for Aggregatio n. In general, non-commensurables means 
data sets "'·hi ch should not be aggregated (added, multiplied, etc. ). 
For a decision-maker to ask that technical p ersonnel do so most often 
simply conceals socio-political judgments of val ue and the technical 
manipulation prevents adequate public understanding and rev~ew of 
social decisions . Wherever possible, the technical person should 
express results in as disaggregated form as can possibly be made intel­
ligible to the decision-maker and thos e who might review the decision. 
For example, one dollar of cost to a person making $20 per hour do es 
not nec essarily have the same social valu e as one dollar of cost to a 
person making two dollars per hour . 

Aggregating techniques should be viewed as tools for making a 

judgment about the relative value of diffe r ent states of the world. Th e 

clarity and completeness of the world view created by the aggregates 

determines the usefulness of the aggregates . The goal of creating 
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such aggregates to express data must be parallel to the general g oal 
·Of the particular analysis; that is, to make the differences between 
the impacts of alternative achninis t rative actions as clear as possible. 
Several different kinds of choices need to be made in attaining this 
goal . 

There is always a choice between creatL.'1.g many fine groupings 
with little average data per grouping -- and creating only a few major 
groupings, With larger groupings, larger 11 sample sizes 11 will lend 
greater statistical accuracy to the results quantified in each group. 
With smaller subgroups, there will be some sacrifice of statistical 
reliability for the sake of determining which subgroups reveal substan­
tially greater or less impact than others. The choice of level of aggr e ­
gation for each study must be made on the basis of how useful it is to 
detect the small subgroups w i th impact substantially different from the 
average impact in the larger groups. In general, the smallest gro up­
ings which can provide reasonably reliable distinction among impa cts 
are to be preferred. 

There are gen~rally many conflicting and alternati ve ways o f 
cutting up a universe to understand the differential impact of regula ­
tory alternatives, e.g., the economic impact on ianners. A given 
pesticide might be expres~ ed: 

For each state of the universe; 

For different income levels of farmers; 

For farmers growing different croups; and 

For farmers using different growing techniqL1es. 


It might be ideally desirable to express differential impacts for 
as many different types of aggregational units as possible, but where 
data and energy are limited, those types of categorization should be 
selected which lead to the greatest mohogeneity of impact within groups , 
and the greatest differences of impact between groups. 

If the regulation will not have very much differential effect 
between different political units, but will have substantialJy different 
impacts on large versus small farmers, the larger farmer -- sn1all 
farmer categories, in general, are to be preferred because the con­
templated regulation may be considered more or less desirable 
because 0£ that differential impact. 
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Policy in Favor of Giving the Analyst Subs tantial Freedo::_:~}:~X 

Choice and Incentive to Innovation (User Choice). Regulatory agencies 
should address the extent to whi ch benefit- cos t policies tend t ..· ~;:: .1 l " ·· 

script ive (or dictatorial) rather lhan sugges ting the design and <.:unk n L 

of the analysis . Types of data and units of measurem ent to b <! C<" ilcdr ii 

and used and means a nd extent of aggrega tion of data and format a nd 
forum for presentation of results to decision-makers should nu t be 
predetermined by standardization. 

The regulatory agency should develop repr esentative type:. of 
analytical design, types of data and units of measur ement that m ay b t' 
availabl e and/or useful to collect demonstrated ways to aggreg: '1. .J.tl. 1. 

stated in both similar and disparate units, and useful formats :wd p .co ­
ccdu res for presentation . 

The agency should ensure that benefit-cost directives expl <1 jn 'vhy 
and in what circumstances the variables are useful together w1 ._:- ~h1 · i 1 

lim.itations , and to provide elimination criteria. Ex~mples of a pplica ­
tion should be set out in handbook with relevant comme nt. Eacli. 
research analytical task is unique or close to unique, and ther e for e 
the regul atory agency should ensure flexibility as to the analysL; and 
lhe format of it::; r es ults, which shuuld be the responsiLility of the ana­
lyst in appr opriate consultation with the decision-makers . In other 
words, there should be choices of tools and a basis for choosi ng i ntel ­
ligently among them - - and the analyst shoul d decide which tools his 
particular situation warrants . The analyst must make explicit the 
rationale for his choice in design, units of measurement, aggregation, 
and so forth. 

Development o f Units and Measures . As the benefit-cost analysis 
proceeds a l ong the chain of c ommand - - the total s wnmation of a ll r e l e ­
vant and essential units o f measurement - - it i s going to happen that 
aggr egation of a final repo r t will occur. This aggregation should be 
made systematically. Invariably in a chain of command, each s tafi 
l evel will condense the input for a briefing to his supervisor. The 
following remarks will present some guidance on such aggregation 
procedures and are intended to prevent arbitrary omissiops of fact 
from successive condensed versions. 

First, the benefit-cost analysis paper will contain facts on alte r ­
natives to the substanc e (pe sticides, nuclear materials, etc.) under 
review. In developing units and measures (each staff level will be 
involved in this for his supervisor) , some rules or procedures s hould 
be follow ed. These units should remain in the measurement system 
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of the discipline that developed them for as many condensations of the 
report as possible. Keeping the measure1nent structure in tac t , some 
aggregation is possible under the umbrella of major categories such 
as envirorunental effects, health effects, food, and fiber production 
effects. These subcategory aggregations should be done following th e 
general guidelines. Each addition or transformation should be done 
so as to: 

Clearly illustrate the differential impacts among 
groups; 

Not use a third measurem.ent unit for aggregation 
unless absolutely necessary and then include an 
explanation for clarity; 

Explicitly state the basis for aggr egation such as• 
"we added together all the expected i llnesses of a 
minor nature that were short in duration and requi r e 
neither medical attention nor hospitalization11 

; 

Help the next level of decision-makers to capture• 
the essence oi the problem. at hand by presenting 
sum.mary information on the variance within the 
aggregated variable; and 

Anticipate major issues and aggregate 11around11 

them so a clear picture of issues and alternatives 
is presented. 

The categories of units should be u..'1.der the following headings 
which are presumably of main concern to EPA: 

Effects on man; 

Effects on the ecologic inte ractions; 

Effects on economic systems; and 

Effects on aesthetic features of the envirorunent. 


Under these main headings, data should be a ggr egated only if the trade­
offs among alternatives are still meaningful and possible. Each of th e 
above major headings should be aggregated to the fe west variables pos­
sible and their non-commensurability should be explained to give a 
sense of significance to the decision-maker. The output of each step 
of the analysis should be set against a background s taterne!lt that would 
show the connection of the analysis to interested. groups so that judg ­
ments of impact severity can be made.· 
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Presentation of Data. Format is defined as the presenbh' · ~) t,( 

non-com.mensurables data - - tabular, graphic, etc. - - and nar r a.hve 
interpretations -- to facilitate good decisions. How does the ..ui._., , ·,;t 

and/or manager assemble the results of a benefit-cost analysi!.i t.u 
insure again st loss of comprehension? The following rules o r g u idc: ­
lines should be considered: 

The presentation should clearly present the favorai Jl<: 
and unfavorable consequences of alternative choic e s 
or actions. 

All tables, graphs, and narratives should be indep c n .. 
dently complete and understandable. For example , 
the narrative may refer to a table or graph for addi.­
tional information but the narrative should be unde r-­
standable without the table. 

• 	 All summary and text graph.s and tables should be 
simple -- present relatively few ideas or set of data 
in any one tabl e er graph. 

Use numbered i1ighlighls to present narrative, 

Provide a convenient reference from the aggregated 
highlights to the detailed or disaggregated data dis ­
plays 	by regions, year, e tc . 

When 	comparing alternatives, present common vari ­
ables of each alternative rather than present ing all 
the information about each alternative separately. 
For example, present the risks regarding human 
health-, etc. , for chemicals A, B, and C. Then, 
present the benefits of each chemical. 

Limitation of the analysis, as well as critical assump­
tions, should be presented as part of the executive 
sununary. 

Avoid 	the use of technical terms, if possible. 

Display results, data, interpretations -- not proce­
dures, models, formulas. 

0 
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Organizational Processes _for Presentation of Benefit-(;ost Anal­
ysis. How can the results of a benefit-cost analysis be critically 
reviewed so that all information presented to the decision-maker i s 
correct and relevant? Some suggestions follow: 

Review by representative groups within the agency for 
t echnical accuracy and correct interpretations of data, 
reasonableness of aggregation of sets of data. 

Steering committee on how groups , etc., may be estab­• 
lished at the time the study is instituted to ins ure coor ­
dination and cornmW1ica tion among interested units 
within the agency and to pro·vi.de guidance in the conduct 
of the study and presentation of results. 

A quasi-judicial procedure may be used to subject the 
issue and final results to opposing users and portions 
(the adversary process). 

Outside agencies 2.nd special interest groups rr1ay be• 
asked for review and comments on draft report. This 
approach is especially applicable ii a strong puoiic 
reaction is expected from the probable decisions. 

Topics for Further Investigation. At the point of design and inte­
gration for presentation, it is especially imperative: 

To have a clear-cut definition of what benefit-cos t anal­• 
ysis is and what it do es not cornpris e - - to define its 
role in the context of the larger EPA effort and process. 

For the benefit-cost analyst to emphasize the analytical 
approach, and not to drift far into the policy or evalua­
tive role , benefit-cost analysis cannot serve as a policy 
by itself. The analyst should stay within his bounds. 
But it is easier to tell the analyst to do that than to tell 
him how. Numerous criterion procedures are needed 
which are not now available. Other procedures are 
needed for obtaining decision-maker inputs into the 
analysis. In other words, roles should be clearly delin­
eated and then in the course of the study they should be 
allowed to interact and blur. How to organize such a 
process is the problem. 
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Agency policy on benefit-cost methods must be underst<ir,,·! ,l1 l,: 

to inteTmediate-level non-expert bur eaucrats who have much to do with 
specifying project scope and design, and approving presentati " + .1 

decis ion-makers . Much work is needed on how to develop meLiwJ::; 
which will be used. Only if methods are 11practical 11 and can b. ; ~-; eJ 

will they be attractive to users and decision-makers and worth go inR 
further. There is not much hope for the benefit-cost analysis if the 
agencies are uninterested or hostile. 

Should representing popular choice (or social consensus ) be 0 1H' 

objective of analysis? The appointed EPA decision-mak e r, wh1) i. s 

accountable to a (usually) elected policy -maker, the P r esident . ;1 nd 
who must at least explain himself to an elected Congress, shoulrJ join 
and balance the possibly quite diffe rent conclusions from 11obj ec f; i'•P." 
analysis, expression of popular will, and constitutionally sound roJi.t­
ical leadership. What analytical techniques should be ethically us ed 
to aid him? 

Most of the discussion has been directed to the situation whe n :.' 
benefit- cost analysis will be a tool for determining what type of c nn­
trol/abatement/ regulatory/action to take. It can also be appli eJ to 
other types of choic~s: regulato1·y versus assi stance versus knowi.­
edge creating among problem areas for "investment. 11 How should 
techniques be adapted to do these other analyses? 

The English language should be used well in the narrative mate­
rial and discussion of the analysis. Jargon and bureaucratese should 
be eliminated, but how can tJus be accomplished? Some rules for 
granunar and vocabulary might be a good idea. Maybe the same ideas 
will have to be expressed twice in a juxtaposed fashion: one in tech­
nically correct form and one in the best approximation of plain English. 

Background Conunents on the Use of Subjective Ratings and Other 
Judgment Measures . The sociology of benefit- cost involves a substan­
tial gap of outlook or philosophy between the user and the provider, 
i.e., the decision-maker and the technical analyst. In reality, there 
is probably a continuum, and people cart be both. In approaching the 
question of juxtaposing disparate variables for comparison and, for 
better or worse, in attempting this kind of decision synthesis, this 
decision-making sociology shows some crucial things about the sta te 

· of soci ety. 
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Specifically, there is very little inclination and willingness 
among anyone, technicians and decision-makers alike, to systematic ­
ally develop, apply, and use the results of the behavioral-analytic 
techniques which have been brought to an imminently applicable stage 
in academic circles by researchers such as S. S. Stevens and • .6i.natole 
Rapoport. A recent study by Alan Randall and Clyde Eastman of atti ­
tudes toward air pollution in the southwest is a rare example of the 
application of such methods. 

On a more general scale, it has been nearly ten years since 
S. S. Stevens publi shed his milestone paper in the journal of the AA.l\S, 
"A Metr ic for the Social Cons ens us 11 

- - yet this paper has generally 
fallen into obscurity. Meanwhile, occasional uses appear of such tech­
niques as the Delphi t echnique, a technique which is supposed to achieve 
consensus without excessive memoranda or other documentation. 
Regardless o f the availability of consensus among such dive rse groups 
as the Izaak vValton League, the National Rifle Association, and the 
corporate members of the pesticide indus try, the history of our societY 
is one of strength from diversity. The l ack of immediately obvious 
grounds for coalescence and consensus is all the more argument that 
the most precise and penetrati ng tools of analysis that we have should 
be developed and used. Benefit-cost analysis illuminates the diver­
gence of many impacts of alternative actions, but additional effort 
must be made to find the places in the thoughts and emotions of society 
where the divergent impacts are mutually found to balance each other. 
The EPA should be in the business of systematically and scientifically 
making these efforts. 

In other words, no amount of statistical trickery, scale transfor­
mation, o r index construction will serve to integrate non -commensur ­
ables in the mind of society. The final aggregations should illuminate 
for the decision-maker all of the differences among the actions avail ­
able to him, including the differences in impacts on human values . 

We have begun to define rules for when to aggregate some of the 
many measures of impacts on wildlife, aesthetic scenes, or human 
health, but the purpose of such manipulations must be to make clearer 
the h man value differences among possible alternatives. If such dif­
ferences are adequately shown by one or more "final" numbers for 
each alternative, there could be no objection to such an aggregation. 
But it is doubtful whether such an aggregation has ever been performed. 
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3. 2. 5 Problem Category Five: 

Equity/Long-Term Impacts 


Equity and Efficiency. Analyzing equity {distributional) effects 
for purposes of conducting benefit-cost analysis involves docurn.e u t.rng 
and perhaps evaluating the market and non-market effects accr ttin g to 
specific target groups. 

The concept of equity has been treated extensively in th (~ e c o n o rn ; (: 
literature - - specifically in the public choice-property rights (l ' C -- P H.) 
materials disseminated by the so-called Virginia school (Buch .ir;;-tJ 1 <'111, 

et al.), the Chicago school, and the "nee-institutional" school. W!" n ­
ever a decision i s made (including the decision not to act) , an equ i Ly 
assumption or action has in fact been made. If the existing s l:r ·(' , 1~ n~ 

of rights and wealth is perceived to be "acceptable, 11 the statu s t: t.~· ..- Ila;;; 
in fact been decreed equitable - - as in the case with ''Pareto e ffi c H :1tqr' 1 

criteria. If a policy decision results i n deviation from the existing 
structure of rights, a new equity position has been defined. 

It is difficult to treat equity and efficiency separately. F ot" exarn ­
ple, in the minds of many observers, equity cannot be examined s o l e ly 
at the individuai level -- that is, if it resulted in a loss oi effici en cy a t 
the system level, it would feed back at the individual level. 

Perhaps this can be explicated best by way of example . To take 
the classic case, suppose that a decision at the political level is made 
to equalize income flows by a direct money transfer from high income 
classes to low ones -- a "more equitable'' distribution. Yet one might 
argue convinci.."1gly that such a policy would stifle net social investment 
and result in a reduction in aggregate flow incomes in subsequent 
periods . This argwnent illustrates vividly both the trad eoff between 
equity and efficiency and, perhaps more importantly, the importance 
of taking a holistic 01· systems level approach to these types of prob­
lems. Seldom is the sum of the parts analogous to the whole. Syner ­
gistic effects o ft en bastardize the complete analysis. 

Role of the Analyst and Decision-Maker. The analyst is usually 
perceived as a technician doing the bidding of a decision-maker. This 
is sometimes the case but is not necessarily comprehensive or a useful 
interpretation. Where the variables which have been identifi e d a s the 
impact parameters ar e composed of direct or indirect monetized mar­
ket-valued impacts of the analyst· is well defined and under these cir ­
cwnstances the analyst can proceed to formulate benefits and costs 
with little or no input from the decision-maker. However, when the 
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project impacts include non-monetary variables (e.g. , equity), the 
analyst is dependent upon input from the decisi on-maker at the onset. 
The choice of methodology for collecting, displaying, and analyzing 
such impacts often requires value judgments. ·when such problems 
arise, it is important for the analyst to seek guidance from decision ­
makers in making these judgments. T his is particularly important in 
considering distributional effects. 

Short-Term Periods Versus Long-Term Periods . An important 
issue in projects which have inter temporal effects is that of comparing 
benefits and costs which accrue at different points in time. Where 
time periods are short, market rates of interest inay be used in dis­
counting to allow such comparisons, but for longer periods, problems 
arise in using interest rates. Project impacts which occur fifteen to 
twenty years in the future have very little weight in benefit-cost analy­
sis when discount rates are used, thus, discounting may be inappro­
priate. 

Unfortunately, determining the length of periods over which dis -­
counting is appropriate requires a value judgment. Some possible 
value judgments including the follow ing : 

Twenty years should form the upper bou.rid for dis­
counting. 

For periods shorter than twenty years, the time• 
horizon of impacted groups should be considered 
in determining the desirability of discounting. 

Where uncertainty about irreversible impacts arises, 
discounting should be questioned. In such situations, 
it may be appropriate to either (1) display impacts 
without discounting, (2) estimate an upper bound to 
future costs and discounts, or (3) discount the mode 
of possible costs. 

Any structure -- either ecological or man-made -- ·can be viewed 
from two different perspectives. \Ve can look at the overall structure 
of the sys tern or we can look at the f unctional relationships between 
substructures within the system. In effect, functional relationships 
which are altered or manipulated usually represent short-term judg­
ments design to reduce perturbation in an overall system or maintain 
a predetermined traj ectory. In contrast to this, the alteration of 
structural parameters must be undertaken in the context of long-term 
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decision - making - - a change in the design of the system. T b 1' t n~tni 1)U ­

lation of either of these two as ·pects of the sys tern can be accompl i s hed 
in two separate but interrelated manners. Regulation of fun cL ,.11,.\ l 
relationships relies primarily on a feedback system. In order i<H Lhe 
system to work, several assumptions must b e granted! 

The system must be observable on a real-time basi s;• 

It must be possibl_e to provide integration (weights) i.n 
order that the relationships may b e quantified; 

It must be possible to estimate the time lags of s i gnal• 
and response relationships within a system; and 

Perhaps most important, all of the observable para1n ­• 
eters mus't be both variable and controllable. 

Such a feedback system is empi rical in nature .a n d is a trial a nd 
error process . In order for the system to work adequately, th e con­
troller must be "willing" to pay the price of b eing wrong on oc .:.::1::;~on. . 

By 11willing to pay the price, " we mean essentially that the systeHl t s 

robust enough to return to an acceptabie equilii:>rium after a per turba­
tion has occurred. We shall refer to this type o f system as one i.n 
which the basic objective is to control the sys tern. 

The second type of manipulation which requires knowledge of the 
overall design of the system is essentially a feedforward one (ex a nte ) 
where it is explicitly recognized t hat one or more of the asswnptions 
listed abov e are not met . For example, time lags are too long or 
unrecognizable or some parameters (institutional ones, for example) 
are not variable and/ or controllable . 

The control and design of a system are not mutually exclusive 
actions. In some cases, it may be pos sible to salvage an uncontrol­
labl e system by redesigning it. The basic point of this dialog ue is to 
illustrate the difference between control and design and to show how 
critical the recognitition of these concepts is in terms of present a nd 
future policies promulgat ed by EPA. If the Agency is to perform only 
a control func t ion, the available policy options are both r estricted a nd 
quite d i ffe ren t from those which would be available under .?. philo sophy 
of both control and design. The following example will illustrate. 
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An acid waste spill from a mine in West Virginia occurred at the 
headwaters of a semi-closed ecological system (s tream} . The ecolog ­
ical balance in the headwater area where the mine was located was 
completely disrupted. The loading effect on the stream system was 
evident for some distance downstream. However, the natural absorb­
tive capacity of the system to assimilate the toxic wastes allowed the 
ancillary ecological subsystems downstream to maintain their basic 
characteristics. After a surprisingly short period of time, the entire 
stream, including the headwater region where the mine was located, 
return ed to its previous ecological structure. Ecologists would 
describe this system as being both resilient and elastic. The diverse 
nature and patchiness of this ecological system provided the overall 
robustness which allowed it to return to its previous state. 

If the mine had been located in the downstream area rather than 
at the headwaters of the stream, the system may have been perm.anently 
altered. The point is that by designing a system (rather than jus t con ­
trolling existing functional relationships on the surface of a system), 
we can reduce and perhaps eliminate high probabilities of irreversibie 
events taking place and at the same time reduce the (present and future) 
control costs which must be absorbed by the controlling agency. 

Ecologists would say that good ecology is, in fact, good economics. 
At a conceptual level, this is true. However, the institutional problems 
and the transitional linkages which inevitably accompany decisions at 
the regulatory agency level do not necessarily conform to those neces­
sary for the "right" ecological decision in terms of the most durable 
values of society. It may be possible to map one to the other. Con­
ceptually, this would certainly be true -- operationally, it will be more 
difficult. 

Obviously, control policies are much more easily introduced and, 
in the short run, appear to be much less expensive to implemen t. 
Design policies often provoke opponents (who have shorter horizons) 
and require considerable (futuristic) extension of the planning horizon 
on the part of the controlling (designing) agency. However, it is appro ­
priate to place greater emphasis on the potential for the design and 
redesign of systems in order to avoid irreversibilities and provide for 
a low cost method of control of toxic and hazardous emissions. 

The role of cost-effectiveness studies and benefit-cost analyses 
in the context of this discussion is even more complicated than is 
usually the case. Ecologists and conservationists would probably 
place an infinite price (cost) on a high probability of an irreversible 
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occurrence. Economists, on the other hand, would be quick t·o p(lin t· 

out that infinity is not a workable parameter and a real nwnb~~ r n111 ~~1­

be provided if the analyses are to be of any benefit to the con~ . 1 _ ." ;11: y 

in making decisions. Perhaps th e best way to approach the probJ em i.s 
in a two-step fashion. The careful selection of alternatives foe c va.i.>..1a-­
tion can be used to bou."1.d the problems which must be analyz ed . Tln::; 

is a necessary step and will allow the EPA to determine ex antr whether 
or not any given system or subsystem is able to "handle" (ab ::; · i 1·h • rtd 

recover) the environmental loading which is implicit in the a 1.. t.wii.S 

being contemplated. 

Once the design of the system is determined to be ecol1)gic::dJ.y 
workable and economically tractable (on a year-by-year indefin i te 
basis), the choice of alternatives within the system can at la st be 
assessed by benefit-cost techniques. 

If the mandate of EPA is to be consistent with the implied n1ean­
ing in the title, irreversible actions are, in fact, an~thematics u nl~ss 
the irreversibility is completely understood and accepted as a n ohi<~c ­
tive in itself. This assertion should not be interpreted as a p l: ci ;:~J r 

the maintenance of, or return to, in specific cases, 11pristine <t .r •: ;1 s. '! 

Such a policy wou:;.~ be undesiraole socially socially and unacc eptai:iJ. e. 
However, to focus only on the control problem and to omit cons idr" ra­
tion of design potential is to allow the tail to wag the dog. There i s no 
reason why any system should be viewed as "unalterable 11 for either 
technical or ideological reasons . If an institution or a group of insti­
tutions collectively are promoting accelerated environmental loading, 
.the environmental system should be reevaluated and, if necessary, 
altered. A poorly designed system may be uncontrollable. It can, 
however, in many cases, be redesigned and altered in such a way that 
conventional controls can operate successfully. 

When dealing with intergen.erational impacts, it is more useful 
to think in terms of design rather than control (the traditional function 
of most decision agencies). Accordingly, most market-oriented tools 
(e.g., discounting) do not provide an adequate framework for approach­
ing the decision problein. B enefit-cos t studies reflect measured prop­
erties of the social system -- e.g. , externalities or distributional 
effects. Jinplicit in the Lmdertaking itself is a recognitition that the 
system is defic ient. Yet benefit-cost analyses are typically a produ.c t 
of this very system structure, structured in the conservative context 
of fiscal management. Long - term intergenerational problems might 
be better Lutderstood -- and decisions better made -- by employing a 
bit of common sense and looking more closely at alternative futures 
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from a historical perspective on the demise of previous civilizations. 
In other words, the approach outlined above represents a challenge to 
society as represented by an evolving regulatory agency. The EPA 
would not be expected to actually d es ign the ecologic future , but some ­
one ought to be thinking in those terms even while control policies for 
the present are emerging. 

Calculation of Impacts on Equity. In isolating those factors rele­
vant to an analysis of equity, three general types of factors might be 

considered: 

Market; 

Non-market; and 

Degree of aggregation. 


(For market and non-market factors, sufficient published materials 
are available to provide checklists for analysts and decision-makers, 
e.g., Water Resources Council, "Principles and Standards 11 

; and ABT 
publications.) 

As mentione d earlier, market impacts are more easily distin­
gui!:ihed and quantified. In so1ne cases, the cost (or value) associat ed 
with an impact can be readily discerned a cco rding to the market valua­
tion. However, even if this information i s available, the "marke t 
price" should be examin ed carefully. If, for example, in the case of 
fossil fuels, the price can be shown to be artificially (and/or tempo­
rarily) low, this information should be included in the report - ­
perhaps in the context of a sensitivity analysis. Examples are as 
follows: 

Chang es in property values;• 

Changes in the value of hwnan capital, e.g., a proj e c t • 
may increase or decrease demands for certain skills, 
therefore, changing the expected income of some groups; 
and 

Short-term changes in income and/or property values 
due to market imperfections, rigidities, and time lags 
in market adjustments. 

0 
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Impacts which occur as non-marketized events, and ar e p 1~ l'·· 

ceived to be important, must be evaluated. Indeed, the catego ry o f 
events (often fading into the category of externalities) is usual i ; ! ,:; 

prime concern and the most difficult to resolve. If all impacts we1· e 

reflected through market interaction, in all probability the d elc rn • ,J.l a. ­

tion of value of a project undertaking would be relegated to th e ni .:l :rl• C'L 

system. Examples of non-marketized impacts are as follows: 

Changes in the quantity, quality, availability or co ;; l 

of publically prod~ced goods, e.g., landfill regul <.t ­
tions may influence the cost of collection and disposal 
of solid waste. 

Changes in the quantity and/or incidence of involuntary 
risks. 

Changes in the incidence of non-pecuniary externa.l.i t i. cs•• 

Psychic costs associated with limiting opportunities, 
e.g., employ.inent, educational, locati onal. 

Impacts on the quality or availability of recreational 
opportunities, e.g., control of fire ants on park land. 

Impacts on social i nteraction, e. g., interactions within• 
families, ethnic groups, communities, interest groups. 

Guidelines for determining the appropriate level of aggregation 
may not be so readily available. 

Aggregation may be carried out in one or more of the following 
ways : 

Spatial - - geographic ;• 
Temporal; and• 
Social/ economic•• 

The systematic evaluation of impacts logically proceeds frorn the 
specific (spatially 11 closell) to the general (global limit). The decision­
maker or the client, for whom the benefit-cost analysis is being pre ­
pared, will often have preconceived notions about temporal or spat i a l 
boundaries. In most cases, these bounclarie s , landscapes or time­
frames must be disaggregated into subcategories. For example, a 
decision-maker (pesticide regulatory agency) might be faced with a 
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recurring or cyclical decision - - e.g. , review every five years the 
impact of a specific restriction of a pesticide or its use. In this case, 
we might conclude that the bounded temporal unit of this client is five 
years. Yet, most environmental problems which must be resolved and 
the associated impac ts (positive and negative) transpire over a consid ­
erably longer time period. Thus, we would say that the problem time 
is eleven years -- if we are dealing with toxic substances which are 
expressed in half- life notation, the problem time must be weighted 
probabilistically. 

If the environmental problem and policy boundaries coincide, the 
task is greatly simplified. If, on the other hand, the narrower or 
smaller (in this case -- and most cases) policy consideration restricts 
or bounds the time horizon of the decision-maker, he (or she) may be 
forced to adopt a restrictive "tunnel vision 11 approach to problen1.s. 
For example, if, as is sometimes argued, the time horizon of a polit ­
ical office holder is four years (or less), her will be inclined (but not 
forced) to seek solutions which have short-term (four years) payoffs. 
For this reason, design aspects of systems are often ignored or poorly 
researched. Not only are the payoffs ntoo far" in the futu::e , but the 
initial costs may be overwhelming. For example: 

Solid waste disposal - - problem location is where the• 
material is placed and where the major impacts of 
such disposal do or may take place, e.g., air pollu­
tion from transport to site activities, noise from 
residing within the area (both wage and quality of life ). 
Policy bolUldaries include the area from which the 
solid waste is collected (which originally could have 
been a 11 problem area 1 1

), i.e., where the benefits will 
appear. 

Pesticide -- limit use of insecticide used on crops ir:i• 
two regions. One region needs pesticides to achieve 
economic production; the other does not. Production 
in high need area then transfers to low need area. 
High need area has a localized equity problem (nega­
tive); low need area has positive equity. Outside of 
both areas, prices of product changes du e to new eco­
nomies of production. In many cases, all areas benefit 
from smaller quantities of pesticides in the environ­
ment. 
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As noted in the preceding paragr aphs , som e of the asp e c t s o f 
policy restrictions have been reviewed. One question which musl be 
address ed when analyzing the impacts of a cours e of action ov 'i1 •11; 

is the numb er of "rounds" of impacts which are charged (pos ~fi.•. ·..L y or 
negatively) to a single project. In the traditional approach, lb.• r · •v il l 
be discernible primary, secondary, and tertiary effects o r imp.1 ds . 
The analyst, in consultati on with the decision-maker, must d Lt.--1.·rui11c 
which of these a re to be as signed to the project at hand, and w ! tl ' 

should be, at least in part charged to partly independent ac tic:n lr~ r-

taken at a later time -- perhaps in response to positive inducv1 · · -· ii ~ 

generated by the project presently under study. For example, C'll1:>1 d c r 

the cas e i n which an unused or partially used resou rce such a· ..t ! .. ' .. , 

stream or aquife r is polluting existing water supply wells. If I fi v I md 

over the aquifer is not fully d eveloped, the developer who ten or t "'"'rity 
years from now want s to build on this land will incur a cost to p1 )• - • n 
water to the development beyond what it would have cost to tap ·:- ,~ 

aquifer beneath. Thus, the pollution damage (inequity) impacts 1.ol 

only on those currently exposed to the pollution, but a l so the aquife r 
and those on future residents who eventually bear the cost of the p i peel 
water. 

Tn e incidence (impact) o f a project on variou s segrnents (sub­
groups) of society must be identified. Even if the e ffects a re traced 
through many social groups, the process of evaluation must b e trun­
c.ated at some point. This break point can be determine d by either the 
analyst or the decision-maker (or both). 

The impact is greater on the poor and the aged to the extent the 
latter fit into the category of a special subgroup of the poor/aged who 
have respiratory diseases. The poor live in the a r eas where land 
values would a llow siting of a l arge polluting plant. Their impac t on 
political representation is low and they depend on~ air quality to a 
greater ex tent than the more wealthy who possess the resources to 
condition their air . If the source of pollution is a source of energy, 
the wealthy benefit more on a per capita basis since they use more 
energy. If the source of pollution is some minimum distance away, 
their posi tion may be better if they have low cost energy and use it to 
condition their air than to pay a premium for energy to reduce pollu­
tion at the source. The analyst should pro-v-ide the raw data on im pacts, 
nwnbers of people involved, r el ative distribution of d egree of im pacts 
on the various groups including special effects like respirato ry pro­
grams and the cost to each of these types of groups. T h e decision ­
rnaker then takes the raw data , etc. , and provides the necessar y 
balancing to achieve the requi r ed, indicated or mandated equity. 
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Methodology. Once the identification and careful articulation of 
impacts has been completed, the choice of methodology or combination 
of methodological techniques must be confronted. To a considerable 
degr ee, the characteristics of the impacts identified will influence and 
restrict the range of techniques which are applicable or feasible to 
obtain. 

Two general classes of techniques can be delineated. The mor e 
common of these can be termed value measurements - - real numbers 
are assigned to an impact which are derived from measuring the poten­
tial impacts . If the market provides an explicit or implicit price for 
the impact, such a number can normally be obtained. A second method, 
used in cases where discrete numbers or value measures cannot be 
ascertained, is called the classification method. In this approach, the 
decision-maker must attach "importance weights 11 to various events. ':' 
These weights do not have common units such as money. Once ranking 
is done or relative values are assigned, the analyst can proceed to 
evaluate benefits and costs. A . Allan Schmid has outlined tb.i. s process 
in a step-by-step example. He also demonstrates the feasibility of 
cover ting these 11 explicit value 11 weights to monetary prices.>:<>:< 

There are several methods oi applying weights to impact vari ­

ables. One method was outlined above -- i.e., the decision -maker 
provides value weights which can be manipulated into proper form by 
the analyst. In addition, when the discount rate method is utilized to 
establish {net) present values of flows of b e nefits and cos ts which occur 
in future years, this constitutes the assignn-1ent of a weight to time. 

The conventional analysis of benefit-cost discounting is inconsis­
tent when used for the evaluation of long-term intergenerational impacts. 
Most projects or control programs are characterized by high cost in 
the initial periods with benefits lagging behind and increasing in the 
latter periods. Thus, the discounting technique results in a high pres· ­
ent value of aggregate costs and a low present value of aggregate bene­
fits -- if, for example, using conventional analytical techniques we 
were to evaluate benefits which might occur 50 to 100 years hence. 
The value of these benefits discounted to the present is extremely low. 

*Cf., Sdunid, A. Allan, Systematic Choice Among Multiple Out­
puts of Public Projects without Prices , Michigan State University 
Depar bnent of Agricultural Economics, Staff Paper No. 75-14. 

**Ibid. 

3.54 




For example, benefits which occur in year 50 at the level of ten r:n. i~ 1: on 
dollars will have a net present value of less than nine thousand doi.la. rs 
if discounted at a rate of ten percent interest. If time horizon ;. :1,d 
to 100 years, ten million dollars ·will have a net present value u.1. l.:..:::.s 
than four thousand dollars. Thus, on the basis of convention<J..l ' c~' t ; · 

niques, any attempt to provide a quantified justification for expE·r»li tures 
today in order to insure benefits in the long-term future will fa.11_. 

The problem is not simply one of analytical techniques. R.;'11 :., , , 
the philosophy behind th e technique is what we must question. Pe" d i t ·· 
cost analyses are geared primarily to market interaction and, ;;:' :. 
result, take the time horizons usually found in the private ente .·r· t ·., c:. 

In the private or market sector, projects which have benefits ex : (•.«Ling 
beyond the life of, say ten or fifteen years, will seldom find j u ,:;t-if ·r ~,­
tion for initial capital expenditures. It is imperative that this di .-:1 r·c-­

tion be explicitly recognized and that a completely new "mind ,, ( :1 • : : ~ 

developed in order to deal with these long- term intergenerational prob -· 
lems. This is especially critical when in. des ign strategie s, sinc e 
these are inher ently longer-term policies which may reap ben~~(i. L:·; only 
after many years. An additional problem of determining the suc i.al 
costs of the con1.plete removal of a service because of ecologi cal d egra ­
dation must be analyzed at least in a qualitative manner. 

Another problem which enters into the analysis of long-term 
impacts is the whole area of uncertainty and risk. Most of the analyt­
ical treatments provided in these categories have been develope d in a 
context of individuals or in terms of actuarial, scientific data. No one 
really knows how much cost should be imputed to the loss of either an 
envirorunenta l service or a human life. However, many highway safety 
programs could no t be justified solely on some imputed figur e to the 
value of human lives saved. In many instances, a higher, qualitative 
set of values sets boundaries within which decisions (or subdecisions) 
can be made. 

If EPA (or any other agency) must justify all actions on the basis 
of quantitative, benefit-cost or cost-effectiveness methodologies, they 
will be hard pressed to have much positive impact upon public envi ron­
mental goals. If the problem is presented in the framework of simpiy 
choosing between two or more projects, this illusion of rationality can 
be ach i eved by conventional analysis - - assuming, of course, that the 
tin1e horizons implicit in all of the projects being compared are rela­
tively the same length. When the time horizons differ dramatically 
between projects, it is simply an exercise in self-deception at the 
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highest level. We "justify'' one project vis-a-vis competing alterna­
tives on the basis of discounted present values of b enefits. But the 
discount techniques a re, as note d above, inappropria te. Cost-effec­
tiven ess studies and benefit-cost analyses do play an important role 
in the decision-making process. The limitations of these techniques 
requir e bounding the problem set in such a way as to permit the inclu­
sion of conventional benefit-co s t methodologies only when appropriate. 

3. 2 . 6 Problem Category Six: Risk 

Definition of Risk. In its broadest terms , risk is defined as the 
potential rea li zation of unwanted consequences as a result of a specifi e d 
action or inaction. In the case of risks associated with an action, the 
analyst is coneerned with incr emental risk, i.e. , the di ffer enc e 
between the risk that exists as th e result of the action and the risk that 
would prevail if no action were taken. Risk is always specific to !lar­
ticular consequences and a finite universe, such as the risk of death to 
the United States population, or the risk of annihila~on of a specific 
species of birds in a particular habi tat. 

In addressing the problem of risk, the analyst must address thr e e 
rr1ajor tasks. He nius t identi.:fz. ~he ris~s associated wi th th~ proposed 
action or inaction, he must attempt to measure the risk, and he must 
atten1pt to evaluate the risk. The operational problems involved in th e 
performanc e of these tasks involve the identification and measurement 
of potential consequences , the estimation of the probabilities that the 
particular consequences will occur based on the universe of people, 
biota, or things that vvill potentially suffer the consequences, and 
finally, the assignment of some measure or value to the combination 
of the probability and the cons e que nces. 

The undes irable consequences of an action or inaction can be 
expressed in e conomic, health, or environmental t e rms . These con­
sequences can be jobs lost, plants closed, crops lost, deaths , injuri es , 
elimination of a species, or destruction of a unique physical resourc e. 
So long as the occurrence of the consequence is only a possibility, then 
ther e is only a risk of that undesirable consequenc e happening. 

,. 

In defining an undesirabl e consequence, the analyst should adopt 
a Pareto optimal approach. If the proposed action will result in a con­
sequence that is assessed as und es irable by any subset of the popula­
tion having a recognized inter es t in the· results of the action, then the 
cons equence should be determined as a risk and dealt with accordingly. 
If either the interest of the group of the consequences are judged frivo­
lous, they should be so labeled and dismissed. 
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Absolute Acceptability or Absolute Rejection. The analvs ~ ~,:H., ul d 
be very wary of attempting to classify a level of risk as acc ep~~ uk 

simply because the level of tha t risk appears low relative to t b< ·,-n •u' 
type of risk from other actions. The willingness to accept a .1. : ~·, :.:; 

very much a function of the benefits or perceived benefits of lbf' 1 r 4i.on 

that incurs the risk. A safer approach is to exceed the mar ginal bene­
fits of the other actions that create the comparable risk. 

A corollary to the above is the recommendation that no r- ·'11· o s c--d 
action be pe rfunctorily dismissed simply because it m a y er e· ; ,e 

potential occurrence of a very adverse consequence. We have n-., ny 
systems that have already created the existence of low probab ,;t, · i h igh._ 

consequence events . Actions which introduce the pas sibility or ) . ·r1 

probability/high consequence events should be dealt with on th e1 r m e r i t s 
to the extent that quantification of benefits to balanc e the risk Jf.> ,Jc:s ­
sible. 

Risks o f Inacti on. 

Statement: 	 The benefit-cost analysis should include an e.xri.rn­

ination of not acting, as well as of acting. 

Exampl e: 	 A decision is to be made by elected public oW. cials 
to establish and/or allow the construction ol ::i. 

hazardous and toxic waste land disposal facility. 
Included within the benefit -cost courses of ac tion 
which will cite the risks of advantag es and dis ­
advantages of each course including non -action 
alternatives. 

Risk Considerations (Examples ): 

Action 	 vs. Non-Action 

1. Values of groundwaters (Assume raw well water supplies) 

a. Costs of facility will result a . Present practice,. allows dis ­
in control of hazardous persements to land withcn1t 

waste; protection of ground­ controls - ­ R isk that sub s tan­
waters for future us es tial groundwater will be con­

taminated in 20 years. /\.dde d 
costs in future will be incu rred 
for treatment or importa tion 
(costs) 
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2. 	 Public Health 

a. 	 Cost of industrial disposal a. Problems of and costs of 
and projected lo\.t.:er public indiscriminant handling dis ­
health risks and costs persement of hazardous waste 

in environment, land, air, 
water {PCB fish residues) 

3. 	 Economic 

a. 	 Added cos ts to indus trial a. Continue present practices; 
products, risk to place local however, assess costs of 
indus tries in an uncompetitive environmental degradation•.•. 
situation 

4. 	 Political 

a. 	 Risks associated with views I a. Same 
opinions/ education levels in 
electorate of jurisdiction 

General Comments. The decision-maker is placed between the 
environmentalists, governmental technocrats , and the electorate. He 
will need information presented in a form he can assess and also relate 
to those constituents which he normally "leans on" for personal advice. 
He would be interested in these aspects which clearly influence his 
constituents and the needs for the project. 

Dollar Value of Risk. Dollar values may only be meaningfully 
assigned to risks when the risk consequences are directly convertible 
to dollars. Risk may often be better analyzed in other parameters 
than dollars. For example, the risk of life-shortening from. a diag­
nostic X-ray is evaluated against the life extension of an early diag­
nosis from the X-ray, resulting in successful therapy. 

Population at Risk. In most cases, risk estimates c;_ould be 
refined by increased information about the process being observed. 
Existing data may allow us to estimate the risk of a certain concentra­
tion of a toxic substance to the survival of a particular species of fish. 
Additional studies might allow us to discriminate the risk as to sex, 
age, or size of fish. Additional s·tudies might uncover significant risk 
differences among populations of fish in waters of varying pH concen­
trations. 
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In the case of people, differences in risk can a rise beca n .'· : ·• f 
age, sex, hea lth status, economi c s tatus, and a host of other \.: hui·<Lc­
teris tics. Before accepti ng a risk estimate, the analyst shou l.I.'. , , :1·1. 

to make sur e that important variations in risk ar e not being suli : n i.::r g,:d 
by aggrega t ions. 

Risk associated by an action can be concentrated spatia lly by 
land uses, and where significant, these differences should b e iil f~ :n l i. fi cd . 

Ixnpr e cise treatment of the popula tion a t risk is a pitfall that th e :·1sk 
analyst must avoid with utmost care. 

Objective Versus Pere eive d Risk. Assessment of the r id<.s inh ~ : ~ ­
ent to an action of omiss ion or commission can be done objec f.t •h·lj t-o 
yield objective risk using rigorous process es and complete sets of 
experimental data. It can be done subjectively to yield subjec L1 "~ ri ::; k , 
using emotion and perceptions to supplement more objec t ive ct:~ i<.i . 

Rarely, i f ever, i s it done entirely objectively or entirely subj ect i vely . 
The common ass e ssment is of mixed mode. 

It shou ld be the analyst's goal t o delineat e clearly the o bj ecti._:y_~ 

from the subjec tive elements of his assessment and to lab el th em 
accordingly. 

The objective part is circumstance-invaria nt and is his dom ain . 
The subjective part varies with circumstances (political milieu, socio­
economic condi t ions, etc.). The analyst can make no grea ter cla i rn to 
a personal insight into subjective risks than can any other mem ber of 
the popula tion subject to the risk. But the analyst can apply the s ocial 
consensus technique s descr i bed above. After application of the s e t e ch­
niques, the resul t s must be consider e d by the decision-rnakers. Pol i ­
ticians and their appointed policy-makers are the typical ass e ssor s of 
subjective risks. 

Sources o f Risk D a ta. 

Kinds of regulatory actions which influence risk 

.. Stricter (or new controls on an ongoing operation) 
Non-action by regulator constitutes one 
extreme (possibly repres ents a social 
dis benefit) 

••• Intuitive (non-rational) action constitutes 
opposite extreme 
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.. Licensing or approval of a new product or process 
• • • Non-action by regulator is again an extr eme 

but of the opposite impact (ma y represent 
preclosure of a potential social benefit) 

• • • Intuitive action is also possible , but unlikely 
because bureaucrat is at risk 

Kinds of data 

.. 	 Experience on prior or current large - scale opera­
tions 
Projection or analogy from similar large-scale 
operations .. 	 Extrapolation from past laboratory or small -scale 
tests 

Procedures where data available or inadequate 

Simulation studies 
•• • 	 Transport and dose mod els 

Fault tree (event tree) 
Mathematical model s ... 	Delphi technique 

Propose or require new studies to obtain data 
••• 	 Time or cost of experiments may preclude 

experimental approach and necessitate reli ­
ance on s imula tion 
Burden of proof on applicant (may foreclose 
social benefit) 

Degree of confidence of the data 

An attempt should be made to assign confidence indices of greater 
or lesser rigor to risk estimates based on actual data, modeling con­
siderations or expert opinion. Usually, such indices provide powerful 
points in support of one action or another. However, they are, in 
many instances, l aden with subtle expressions of individual values and 
perceptions . That in itself is not undes irab l e until facts , the provinc e 
of the analyst, are confused and mixed with value judgments, the prov­
ince of the decision-maker. To guard against this common eventuality, 
indices of confidence and a measure of their rigor should always be · 
explici tly stated by the analyst, regardless of the source. If, for 
exampl e , one has used a transport model to estimate the distribution 

3.60 




of a particular substance in the environment, the analyst shou t.cl ·t tl · 'rr1p·t 

to provide some idea of the possible range of error of such a pr ~~d1ctive 
tool and should try to indicate the effects the error could have t n '.1i : 

magnitude of the risk estimates. 

Significant confidence intervals for risk estima tes can provirl f~ 

valuable inputs to sensitivity analysis. For example, if it can L>1... ::, hvwn 
that the rankings of alternatives is invariant to the range of r i:,v d: i. ­

mates that fall within the confidence interval, then the elemen L '-' : •·) ;, 
sible disagr eem ent over the risk estimate can be eliminate d. 

Extreme Value Problems. Different actions are charact ~'t: • / "d 
by different sets of potential consequences. The potential cons " ·-i; 1 ·n<:-es 

of certain actions fall within a fairly narrow range. For examr-l ,. i t 

may be estimated that the 95 percent confidence range of adve r ~ ,· ' ·alth 
effects associated with a proposed action falls within the limit :'; , , • u v e 
to twenty cancers per year. The probability distribution of po~-> . : i L ! _: 
consequences may be estimated that the 95 percent confidence rn nge of 
adverse health effects associated with a propos e d action falls w : t·J 1,' L th(~ 

limits of five to twenty cancers per year. The probabili ty dist: r« ' >1 t .i on 

of possible consequences may be estimated to be normal with a. n ; ;_:an 

oi Lt. . :> cancers per year. In that case, the use of the expected value 
of 12 . 5 cancers per year as the base number representing risk i s 

defensible. If the population at risk were one million persons, then 
the risk of cancer would reasonably be stated as 1. 25 x 1o-5 without 
elaborating that the range of r isk is from O. 5 x 10- 5 to 2. 0 x 1o-5. As 
the range of"possible consequences associated with an action expands, 
however, the need to make explicit the nature of the dis t ribution o f risk 
becomes paramount. For example, suppose it is estimated that the 
risk of a d e ath could be anywhe re from 10 x io-6 to 10, 000 x lo-6 
depending upon the validity or invalidity of assumptions about exposure 
and the response of certain organs to the insult. Although the data may 
indicate that the expected value of the risk is 50 x 1o-6 per year, the 

I 

possibility tha t the risk could be 10, 000 x io - 0 is an important extreme 
point value that should be made explicit in the analysis. 

Given the risk-averse nature of most of society, it is son1etimes 
more desirable to reduce the variance of ris1< than the expected valu e 
or risk. An expected value of 100 x 1o-5 with a variance of 25 x lo- 5 

may be more acceptable than an expected value of risk equal to 23 x 
io-5 with a variance of 2000 x 10-5. 
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Voluntary and Non- Voluntary__ Risk. In the assessment of risk as 
an input to policy decision-making, the associated risk can fall into 
three 	categories: 

a. 	 Risk is voluntary, e.g., seat belts, legalizing 

marijuana; 


b. 	 Risk is non-voluntary, e.g., Presidential declara­
tion of war; 

c. 	 Risk is both voluntary and non - voluntary. 

Some 	general statements follow: 

Although all assessment of risk is under (c), as a pra,c­
tical matter the three distinctions are meaningful when 
viewed in terms of the numbers of people involved. 

Importance of risk (or the level of risk, however it is 
chosen by the analyst) may differ between: 

.. 	 Voluntary ·cases where the voluntary action of an 
individual imply a non-voluntary risk to a given 
number of other individuals, the environment, 
etc. 

In (a), the level of risk reflects the value of freedom 
of choice. In (b); a lower-level of risk may be jus­
tified as the involuntary risk may be important, 
e.g., a certified pest control operator can expose 
a large group of individuals, the environment, etc., 
to high levels of risk. The level of ·risk in analysis 
can reflect the need for training programs, licensing 
of applicators, and the resource devoted to enforce­
ment of regulations. 

In cases involving important amounts of voluntary and 
non-voluntary risk, it may be desirable from the point 
of view of society for the voluntary group to make deci­
sions compatible with the values of the non-voluntary 
group. The levels of risk in the analysis could consider 
this (i.e., caused by one group to another). 

\ 
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Delphi Technique for Evaluating Risk. fo. certain cases , the 
analyst may wish to supplen1ent his risk study with a Delphi study. 
This approach could be particularly useful where there is a W' ' d d ·~;'il. 
of recent literature with respect to the risks of a substance b u i. t ln:: 
work has not been effectively integrated. This approach end8 :p oli.c ­
iting only expert opinion, and so should not be the object of e~:~_g_g_t; ra t ::.<.:l_ 

expectations. Further, the approach is costly. Probably tht: i u w e ::. t 
cost one could expect to incur for a Delphi analysis would be $2 5 ; 0 00. 

Additivity of Risk Data. Assume a cost function: 

Cost 	 = A + B + • ••• 

where: A = explicit discrete numerical, certain addable 
commensurable consumption of definable 
resources: 

1 = measurable in dollars; 
2 =measurable in other units. 

B = 	 statistically treatable costs that are distrib\1l e d 
across a popula~ion at risk; can oe quantiiied in 
the aggregate by some mathematical product o f 
2: (p * 1) where: 

p =probability of an event; 

1 =loss per event that occurs; 

2; = sum of various possible events and losses . 


Risk to individual is related to probability that he is affected by 
one or more of various deleterious events. R i sk to society is some 
sort of integrated surrunation of all risks of all events to all members 
of the population. 

3. 2. 7 Problem Category Seven: Sequential 

Approaches/Effective Alternatives 


An informed perception of the organizational framework i n which 
the analyst is performing his task, as well as the flow which deci s ions 
will follow within an agency, is essential to focused efficient, trad eoff 
analysis. Exhibit 3. 2 describes on the vertical axis three levels of a 
typical Federal organization, as well as Executive, Legisla t i v e, and 
Judicial Branches (Level I) and non-specific outside infl.uences 
(Level V). 
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Purpose of the Decision Flow Chart. The chart tells the ;,1.;1 . tl / .: I; 

the context into which his work must fi t . The context has an " 1·i~ · ·, i ~ , , ­

tional aspect to i t, i. e. , the analyst mus.t know his role vis -a \ ' · ·. ', ~ 
decision-makers and outside parties, what k inds of actions fall i ni 0 hj s 

realm, and what information flows between l evel s are involved. fhe 
context also has a time or sequential aspect to it, i . e., what :;Ldf;•c: tn 

the analytical process the analyst is working at a given time. 

The intention was not to be didactic or to presume to di t:r1.tc 
EPA- reporting relationships between elements of the Agency, but 
rather to indicate the concep t of a hierarchy of decision-mab· r -, , ~· ·.1d 
how the work of one level can, at times, call for, be initiated !·_, 1 , o r 
receiv e guidance from another level. At pres ent, the placement ._)f 
these sequential decision steps at diffe r ent hierarchical level:; l« • ly 
reflects some of the decision processes current in EPA. Thi ::. '-°":• d 

is not intended to be an infallible model of all decision s equenc •·s ~n. 

any ag ency. Moreover, _an understanding of the structure and relation­
ships involved is necessary if benefit-cost analysis is to make the 
optimal contribution to the decision process. 

Layout o f the Chart. Five l evels of organization form the rows 
of this chart, c>.nd a re listed on the left hand si.de. Level I refers ta 
Executive, Legislative, and Judicial forum s which provide resol ution , 
instruction, and guidance as to Federal policy vis-a-vis the Agency's/ 
Depar tment ' s mission. Wifa specific reference to EPA, Level Il 
refers to the Office of the Achninistrator where environmental policy 
implementation decisions are made and wher e recommendations are 
rec eived from Level III. Level III encompasses bofa the Assistant and 
Deputy Assistant Administrators who develop environmental policy 
recommendations based on mandated/ exp ect ed media - o r iented missions 
developed by specific tradeoff analyses from Level IV staff. In addi­
tion, Level III personnel routinely make media-ori ented decisions 
based upon past experience in implementing well-understood statutory 
instructions (e . g., cancel/suspend pesticide). 

L evel IV analysts are the major audience for whom the decision 
chart is targeted as it des crib es on the hori zontal axis the flow of d ci:.:i ­
sion info rmation and decis ions to which they are the major contrib uti.on 
in their trad eoff analysis work. 

The layout of the chart reflects the r eporting relationships and 
information flows among th e lev els , but it _is not precise, especially 
regarding Level V - - Outside rs. 
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Arrayed across the chart are the steps which, as a package, 
represent the decisions to undertake a benefit- cost analysis and the 
actual conduct of the analysis. These are linked together in sequence 
and reside at one level or another. 

What should be noted is both the actual steps in the sequence and 
the movement from level to level. The chart is intended to be appli ­
cable to both decision flow addressing broad prograrrunatic benefit - cost 
decisions (e.g., should EPA regulate all mobile sources of noise, 
should EPA use clean air authorities to regulate certain waste disposal 
techniques), as well as specific acti ons taken under law (e.g., should 
pesticide X be cancelled, which substances should be labeled toxi c in 
terms of water effluent discharges). In some cases, the programmatic 
analysis can be made before the enactment of new legislation to provide 
data for Agency /Department decision-making . More often, statutes 
are passed with specific mandates and time frames, and, as a result, 
the specific action tradeoff analyses are more common. 

. . 
As will be discussed below, these different kinds of issues and 

the legislative-regulative climate may require benefit-cost analysis 
with significantly different scope, depth, and analytical approach. In 
the ca;:;e of ar;.alysis rda::ing ~o pesticide actions, for example, consid­
eration of both economic benefits and costs and envirorunental effects 
is required by statute. For other programs, perhaps only the prepara­
tion of the minimally required Inflationary llnpact Statement would be 
developed as a mode to assess costs without the systematic approach 
suggested here. 

The Decision Sequence - - An Overview. Information about poten­
tial problems requiring further review and analysis comes from several 
of the levels outlined in the chart. The first step in the sequence is a 
preliminary screening process (A) that seeks to deal with the regulatory 
"fact of life11 that there are vastly more potential environmental prob ­
lems than can be considered thoroughly {or at all) by the regulatory 
agency, given its time and resource constraints . Therefore, it is 
essential for the Agency to institute some kind of "early warning sys­
tem" by which it can select those problem.s which appear most pressing 
and then subject them to a more detailed analysis concerning regulatory 
alternatives and their benefits and costs. 

As an example, one might cite the Consumer Product Safety Com­
mission. This is a relatively new agency whose enabling legislation 
gave it an extremely broad jurisdiction, sufficient in theory to allow it 
to regulate most conswner products i.'1. common use. As one means of 
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choosing those problems which seem greatest, the Commission h;1,r; 

instituted a computerized accident reporting system (NEISS) wh ic·h 
gets, from hospital emergency rooms, statistics on those con s •.J <':r 

products which are related to the most frequent and most seve"!" e a cci­
dents . This system allows it to single out for more considerati01i ~he 
most dangerous products, those most i n need for regulation . ~· 

The preliminary screening process may be institutionalh ',l nr 
ad hoc; preferably it should be both. Development of the pes h~ :, •, · 
Hazard Evaluation System (HES) is an attempt to institutionaliz e pre­
liminary screening, but the Agency also gets the impetus to as ~~,, , ,_; 

problems in more depth from other sources. Such pressure nJ.'JY 
come from Congress, the public (e.g., environmental groups) a g <' ncy 
personnel who uncover an unsuspected problem, academia, o r t;ll -- 1 '· l 
to confront an environmental disaster. It should be emphasiz c'd , \,.., ­
ever, that the screening system should be an attempt on the par t; ' t:,e 
Agency to move beyond the reactive posture, to search out the n1o:~t 
pressing problems rather than to act only in the face of a crisis. 

Given these functions, the screening process within the A ~;t:·1 " y 
should be a continuous activity. It should be supplemented fron1 uu t ­
side !he Agency by durabl":! li~iscr.z to :he busi:::css a:::C! uuh·e::-s i :::.- · -. ,:n-­
munities (particularly their research personnel) and to public inter - ~;t 

groups . 

Approach to Preliminary Screening. Screening is not a m1n1 
benefit-cost analysis, even though it uses 1nany of the concepts of 
benefit and cost. Rather, it is a quick look at problems in terms of 
a few criteria, and a method of selecting those few areas which merit 
an eventual full b enefit-cost analysis . 

One criterion which can be used fruitfully in the environmental 
area is "hazard. 11 This is generally phrased in terms of the 11popula­
tion at risk, II i. e 0 hOW many people are exposed to what SOrt Of1 

hazard. The gravity of the hazard and the numbers exposed must then 
somehow be translated into an index of priorities. For example, 
chlorine in drinking water may pose only a slight, and unc.ertain, r i t;k 
to ~illions, whereas the pesticide p arathion may be highly toxic to 

*For a good description of this system, see 11 Regulation by the 

Numbers" in The Public Inter est, Vol. 36, No. 82, Surruner, 1974 . 
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relatively few who use it regularly. The decision on which of these 
areas to pursue is a policy choice, but it can be articulated by the 
screening process . 

Other criteria which might be used, either in combination with 
or as a substitute for hazard, are "gross benefits, 11 "gross costs, " 
" irreversibility of damage," "probability of harm, " etc. In many 
instances, the screening is performed by experienced analysts who 
somewhat intuitively sense an "important" problem. Thus , in large 
part, the subjectivity perceived "magnitud e " of the problem may b e 
the overriding screening criterion. 

As indicated previously, outs ide sources may perform the 
screening function for the Agency, and in. this case any number of 
persons could perform it. When the screening is done in-house, how­
ever, it is generally performed at the staff level. Once this analy t ical 
process has been completed, it should be referred to the higher level 
decision-makers for review and choice of those areas which should b e 
investigated further. 

The screening process is, therefore, carried out by staff ana­
lys~s bui; large!/ :.:.tEizcd b;· cccisicz:-:nakc:-s z.3 <!. :ne.:.n::; ~o ,;:::-:::.:-i::z e 
and recommend for full ben efi t-cost analysis certain regulatory prob­
l ems facing the Agency. On the other hand, sc reening often results in 
a decision not to undertake further action, and so helps to focus avail ­
able benefit-cost resources on the most important issues. 

Identification of Alternatives Scop e and Depth. The scope and 
depth of analys is will be limited by availabl e resources . Resources 
may be available in varying degrees depending on other Agency internal 
and external conunitments. The resources usually available consist of 
time, manpower, and dollars. The dollars may be used to extend the 
agencies' capabilities through the use of consultants or other contrac ­
tual arrangements. Depending on the. agencies' role or charge, these 
resources may be difficult to generalize. For exampl e , an enforce­
ment-oriented agency may not have the technical depth or expertise to 
engage in a full-scale bene fit-cost study and therefore the,.time-man­
power aspect becomes subme rged and the existence of dollar resources 
assumes prime importance in that the dollars can purchase the capa­
bility needed. With input from the analysts and others, the decision­

·maker should specify t11ose categories and impacts he considers ir.r.por ­
tant and the pr e cision and comprehensiveness of the analys is he feels 
is necessary. 
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Alternatives. The selection of the technical and policy alt r~ 1·11,1-

tives to be evaluated and compared in the benefit-cost analy~ t'- .. » i.ld 
be selected by the decision-maker from a full range of options. Tie 
should consider information from the analysts and other sour •: -: ·;, b 1;t 
the selection should be done by him. 

Technical. From the standpoint of technical alternativf![;, <lll 
avenues should be explored followed by focusing on one or morP vi a h I e 
approach. These alternatives could consist of chemical subs l:• ..1 _ 11 

method modification or unique applications of existing contron L~ l !_ 

nologies. 

Policy. Policy alternatives should be considered after !. h "' " tr.t ­

ous parameters of the technical alternatives have been asses s ed. Su<.:h 
policy decisions come into play when the selected technical a Jt(' • t • •'"V''S 
are deemed to be restrictive or costly. One example of a poli< / , .. t- ­

native could be a deferral of a compliance date to allow suffic1cnl l co d 
time for implementation by the affected parties. 

As noted above, the sel e ction of alternatives to be analyz e d j n 
more detail and the scope and depth of the analysi s are impor t:_Ltt'. p.l rts 
~f the decision process. The chcice of alterna.ti\."CS for n"lor~ l.i1Ll,;r.1..:>l·vc 

sti'.idy should not be made solely by the analyst, but rather by the d e ci. ­
sion-maker using information from a broad range of multidisciplinary 
sources, and covering a full range of alternatives. 

Selection of Analytical Techniques. Once the technical alterna ­
tives, the range of policies to be analyzed, and the scope and depth of 
analysis have been determined, it is up to the analyst to decide which 
tools b est provide information upon which an optimal choice can be 
made. It should be understood that each technical alternativ e and its 
policy vehicl e may have different analytical requirements in terms of 
benefit-cost analysis. It may not, in fact, be necessary to use a com­
plete benefit-cost analysis to evaluate each alternative (Step D instead 
of Step E in the chart). 

\ The decision as to the type of analysis to be conducted should be 
·~ed on the resources available and the iniormation necessary to solve 

.. problem adequately. The appropriate analysis may range from a 
~e benefit-risk or cost-effectiveness analysis to a full treatment 

the kinds of economic and environmental benefits and costs. 
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This step in the sequence represents the detailed evaluation of 
benefits and costs using existent information treated by the other 
panels. The purpose of the preliminary screening and consideration 
of analytical alternatives before pro~eeding to this step is because of 
what can be considerable resource cost of detailed benefit-cost anal­
ysis. 

Information/Decision Ootions. Decision-maker reviews analyst's 
benefit-cost results and evaluation of the quality of information and 
determines whether or not the information base is sufficient to form a 
decision. 

Sufficient Information. If the information is judged sufficient, 
the decision-maker can either: (I) choose an alternative or outcorne 
(i.e., make the decision), or (2) make no decision and refer the ques­
tion with the analysis to a higher level of decision-making in the 
Agency (see Decision Choice). 

Insufficient Information. If the information is judged not suffi­
cient to allow the decision-maker to make a final decision, he can: 
(I) postpone the decision and await additional information that is then 
fed back into ~l:e iden.tifica:!on. cf 3.ltc:::-2:ativcs a:i.d 8e:icfi:-cc:::;: s:cps, 
or (2) make an interim decision to be reviewed when more information 
is available (e.g., interim standard). It should be noted that there 
may be significant risk and economic costs and impacts from either 
postponement of the decision or making an incorrect interim decision. 

Assessment of available information is a key factor, and identi­
fying gaps and weaknesses is an important part of the analyst's role. 
The decision as to whether or not the existing information is sufficient 
is the decision-maker's, but the analys t 1 s recommendations and evalu­
ation should be important considerations. If information is considered 
insufficient, a further decision must be made as to whether or not addi­
tional information should be generated. Factors influencing this deci­
sion include: (I) seriousness/importance of the problem, (2) cost of 
generating more data, and (3) expectation of success and benefits of 
obtaining more information. 

It is reconunended that to the extent possible, efforts should be 
made to ensure the timely generation of data that will be needed in 
future benefit-cost analysis. This would help avoid th e need for post­
ponement or interim decisions, and would probably be a less expensive 
means of generating data. When possible, decision-making can also 
draw on information derived from previous decisions of the same or 
similar type (e.g., pesticides). 
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Decision Choice. In the event that the selected decision rr' 'I 11 .. ,. s 
analysis out of the range of the mission of the Agency, it becon1c:s n e c ­
essary to seek the wisdom of other responsible decision-mak i' ._, 111 

this instance, there would be issues where technical requiren1 ~:nv, , , [ 
the analysis are met, but the social impacts and tradeoffs invol vt:d .1 r t~ 

of a broader nature, 

The agency seeking advice has three alternatives: 

To seek the advice of the Executive Office of the 
President. The Level II decision- maker recog­
nizes the broad gauged socioeconomic impact of 
envirorunentally-based decision options (e.g., 
cleaner air and bette r gas mileage versus energy 
shortages and auto industry health) . 

To request that the C ongress detail furth e r speci ­
fications. Taking into account external variabl e s 
affecting {Lrl the cas e of EPA) the environmental 
mission, this decision option is to seek Cong res ­
sional resolution of irreconcilable problems (e .g• .. 

coal) . 

To force judicial review either administratively 
or through the courts. The decision - make r at 
Level II rnay also decide for a variety of reasons 
(insufficient r esources , environmental policy 
inconsistenci es , etc.) not to take affirmative 
action realizing the likelihood that outside parties 
would seek court mandated remedies for inaction. 

Irrlpact of Choice. The impact and effects of Agency decisions 
should be monitored a.::id this information and other relevant informa­
tion should be made available for subsequent review and reconsidera ­
tion of past decisions. The option of reviewing decisions if new infor­
mation is obtained and/or of instituting a periodic review ;;ystem 
should be included in the d ecision process, but in- depth review should 
only occur if signi ficant new data on costs, risks , and benefits b ecomes 
available . The resource cost of comprehensive monitoring and ('On ~ 

tinuous review process of past d e cisions would probably not be jus tifi~d 

except in sel e cted impor tantant cases. 
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·whether or not provision is made for in-house review, it has 
become almost inevitable since virtually every important environmental 
decision today faces a court challenge by affected parties. 
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