
CHAPTER 3

MEASURING THE BENEFITS OF WATER QUALITY PROGRAMS

3.1 INTRODUCTION

What  are  the benef i ts  o f  water  qua l i ty  programs? What  are  the bas ic
benefi t  pr inciples? What methods are available to measure benefits? What are
the key assumptions and features of these methods? What case studies are
available to illustrate the use of these methods?

While benefi t-cost assessments that use only qual i tat ive information may
suffice for clearcut water quality decisions, quantitative information can simpli-
fy more dif f icult  decisions by reducing the complexity of the issues and clari-
fy ing the cent ra l  issues. Th is  chapter  prov ides a  f ramework for  gather ing
and organizing this information to measure the benefi ts of water qual i ty pro-
grams.

This  chapter  br ie f ly  rev iews the concept  o f  benef i ts  and pract ica l  ap-
proaches for  measur ing them. In  pa r t i cu la r , i t  d iscusses the conceptua l
issues involved in est imating the benefi ts of water qual i ty improvements, de-
scr ibes techn iques for  measur ing d i f fe rent  types o f  benef i ts ,  and presents
case studies that show how dif ferent pract i t ioners have employed them. Spe-
cif ical ly, Sect ion 3 .2  summar izes benef i t  ca tegor ies ,  Sect ion 3 .3  h igh l ights
general issues in selecting a benefits estimation methodology, and Section 3.4
describes approaches for measuring household benefits. Section 3.5 discusses
business benefits by summarizing key aspects in studies of agricultural, indus-
t r i a l , and nav igat iona l  benef i ts  o f  water  qua l i ty  improvement . Section 3.6
br ie f ly  descr ibes publ ic  water  supply  benef i ts ,  and Sect ion 3 .7  summar izes
the issues covered in  the chapter . Case studies fol low the text in each of
the appropr ia te  sect ions. (The scenar ios  in  Chapter  6  show how the case
studies can be applied in new situations.)

3.2 CATEGORIES OF BENEFITS: AN OVERVIEW

Since each household  or  f i rm under takes d i f ferent  types o f  ac t iv i t ies ,
each  i s  d i f f e ren t l y  a f f ec ted  by  wa te r  qua l i t y  changes . A  na tu ra l  s t a r t i ng
point in appraising the various types of benefi ts of water qual i ty programs is
to place them in broad classes. Figure 3-1 shows the categories of benefi ts
associated with water qual i ty programs. The  t op  pa r t  o f  t he  f i gu re  a l i gns
each benefi t  type with the uses made of water bodies. More perspective on
these  bene f i t  t ypes  i s  g i ven  by  Tab le  3 -1 , which l i s ts  them accord ing to
households or f i rms (the type of economic agent l ikely to receive them) and
the methods appropriate for measuring them. For example, the user benefi ts
category separates health benefi ts from recreation. Contingent valuation and
hedonic  proper ty  va lue models  are potent ia l  candidates for  measur ing both
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Figure 3-1. A spectrum of water quality benefits.

categor ies  o f  benef i ts . In  addi t ion, damage  func t i ons  may  be  use fu l  f o r
health benefi ts, whi le the travel cost and recreation part icipat ion survey ap-
proaches can measure recreation benefits.

Although they are not direct ly associated with use, option and existence
values are potential sources of economic benefits. Option value is the amount
that  an ind iv idual  may be wi l l ing to  pay (over  h is  expected user  va lues)  for
t he  r i gh t  t o  use  a  wa te r  body - -e .g . , a  r iver - - in  the fu ture  because uncer-
ta in ty  ex is ts  e i ther  in  the r iver ’s  ava i lab i l i ty  or  in  the ind iv idua l ’s  use of  i t .
Specif ical ly, i f  an ind iv idua l  th inks he may want  to  use the r iver ,  but  isn ’ t
sure, then he may pay some amount each year for the r ight to use i t .  When
this payment exceeds the benefi t  the individual would receive from use, the
excess is the option value. Existence value is the wil l ingness to pay simply
for  the knowledge that  a  resource ex is ts - - i .e . , the value an individual places
on a resource just because he knows it is there. Thus, because of a steward-
ship or related motive, an individual might be willing to pay something to main-
tain a river even though he knows he will not use it.
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Table 3-1. Classification of Benefit Categories

Type of
economic
agent Benefit  category

Type of measure-
ment method

Household:  User Recreation Travel cost model
Contingent valuation survey
Recreation participation

su rvey
Hedonic property value model

Health Damage function
Contingent valuation survey
Hedonic property value model

Option value Contingent valuation survey

Household:  nonuser Existence value Contingent valuation survey

Business and munici-
p a l i t y :  u s e r

Cost savings Cost funct ion

For businesses and municipal i t ies, classif icat ion is more clearcut: The
ef fec ts  on a  f i rm’s  cost  o f  product ion are  the pr imary  in terest  because the
ro le  o f  water  qua l i ty  is  exc lus ive ly  re f lec ted through these ef fec ts . I r r i ga -
t ion , nagivat ion, and process uses are examples of water uses where cost
savings may arise.

Benefi t  classif icat ion should not be misinterpreted. In most cases it is
impossible to separate al l  the sources of a benefi t  est imate. For example,
whi le  wi l l ingness- to-pay est imates for  a  water  qua l i ty  improvement  der ived
from a hedonic property value model (discussed below) may be based on both
direct and indirect uses of the water body, the contr ibut ions of each cannot
be shown in  pract ice . Equally important, over laps should  be expected be-
tween the methods used and the types o f  benef i ts  der ived. A cont ingent
va luat ion survey ’s  (d iscussed be low)  est imate o f  w i l l ingness to  pay for  im-
proved water qual i ty may include health, recreational, and nonuser benefi ts.
The exact  composi t ion wi l l  depend on the water  body under  s tudy and the
nature of the questions used to elicit the information.

The classif icat ion scheme offered in this sect ion simply shows possible
sources of benefi ts and may help identi fy measurement methods. However,
because this scheme does not ful ly define each of the methods or describe
how a water quality change is introduced in each, the following sections offer
more deta i led d iscuss ions o f  the var ious benef i t  es t imat ion approaches,  in -
cluding specific case studies that summarize previous work.
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3.3 PRACTICAL CONCERNS: SELECTING A BENEFIT ESTIMATION METHOD

One of the first questions about benefit-cost assessment facing the prac-
t i t ioner is how to select a method or set of methods for measuring the bene-
f i ts  o f  water  qua l i ty  programs. This  dec is ion wi l l  be in f luenced by the fo l -
lowing conditions:

The time and financial resources available.

The types of economic agents affected by the change in water
quali ty regulation.

The nature and magnitude of the changes in the water qual i ty
regulations themselves.

Data availability.

These condit ions largely determine the appropriate level of detai l  for a study.
In most benefit-cost assessments of water quality programs, existing data and
results avai lable from other studies wi l l  be suff ic ient. In complex cases, new
data and case-spec i f ic  methods may be necessary .  However ,  even in  these
cases, when  ne i t he r  t ime  no r  r esou rces  a re  ava i l ab le ,  ex i s t i ng  l i t e ra tu re
and, to a lesser extent, ad hoc methods must be used.*

In practice, the ideal conditions routinely assumed in theoretical analyses
of  benef i t  measures s imply  do not  ex is t . Indeed, many benefit  analyses of
environmental resources result  in compromises that ar ise from a poor under-
standing of the exact associat ion between water qual i ty and part icular act iv-
i t ies of economic agents. However, while compromises may be necessary to
measu re  t he  bene f i t s  o f  wa te r  qua l i t y  r egu la t i ons  f o r  some  wa te r  bod ies ,
every effort should be made to measure benefi ts based on wil l ingness to pay
and cost  sav ings- -the only defini t ions for economic benefi ts that have clear
theoretical justifications.

Final ly, because resources are l imited, benefit-cost assessments of water
qua l i t y  p rog rams  requ i re  t ha t  r esou rces  be  w i se l y  used - - i . e . ,  t ha t  t hey  be
closely matched with the complexity of specif ic cases. Whe the r  o r  no t  r e -
sources are avai lable, however, the pract i t ioner  must  c lear ly  unders tand the
features o f  each benef i t  measurement  method to  make an in te l l igent  cho ice
among them.

*For example, while the Water Resources Council’s current guidelines for
cost -benef i t  ana lys is  recommend use o f  the t rave l  cost  or  cont ingent  va lua-
t ion approach for est imating economic benefi ts of outdoor recreation services,
they acknowledge that practi t ioners may have to use ad hoc approximations
such as act iv i ty -day va lues-- constant dol lar values proposed for days of par-
t icu lar  types o f  outdoor  recreat ion (see Water  Resources Counc i l  [1979] ) - -
multiplied by projections of user-days.
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3.4 HOUSEHOLD BENEFITS

There are severa l  ways to  measure the benef i ts  o f  water  qua l i ty  pro-
grams. However, to compare the accuracy of these measures, the practitioner
must  a lso unders tand how ind iv idua ls  va lue d i f fe rent  goods. For tunate ly ,
economics provides an objective way to measure these values using the basic
concept of a demand function.

Theory: The Demand Function

The f irst organizat ional guidepost that economics provides is the concept
of  an ind iv idua l  demand funct ion,  shown in  F igure 3-2. Th i s  f unc t i on  de -
sc r i bes  f o r  any  good , X,  the maximum quant i ty  o f  the good an ind iv idual
would be wil l ing to purchase for each price of X. The downward slope of the
curve indicates that individuals are wil l ing to buy more of X at lower prices
than  a t  h i ghe r  p r i ces . The simple diagram in Figure 3-2 assumes al l  other
factors that might inf luence demand--including income, the prices of related
goods, etc. --do not change. Frequently, there is no need to actual ly meas-
ure a demand curve. What it does is provide a basis from which the benefits
to households can be viewed,

Figure 3-2. The demand function and consumer surplus.
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what the individual actual ly pays and the amount he is wil l ing to pay-- is the
consumer surplus, or the dol lar measure of the satisfact ion an individual re-
ceives from consuming a good or service, less what he pays for it. As a dol-
la r  measure o f  ind iv idua l  wel fare , consumer  surp lus  is  not  idea l ,  but  most .
studies have found it to be a good benchmark.

Practice: Methods for Measuring Household Benefits

Household benefi ts may be measured by using the travel cost method, a
cont ingent  va luat ion survey, a  recreat ion par t ic ipat ion survey,  the hedonic
property value method, or the damage function method.
advantages, data requirements,

Advantages and dis-

l ighted in this sect ion.
and key assumptions of each method are high-

Case studies show how the methods have been used
in recent applications.

Travel Cost Method

One of the most popular approaches to describe demand for the services
of recreation faci l i t ies, the travel cost model,* has been used to est imate re-
creat iona l  benef i ts  in  a  wide var ie ty  o f  app l icat ions.
this model is simple.

The  l og i c  unde r l y i ng
Recreators  a t  a  par t icu lar  s i te  pay an “ impl ic i t ”  pr ice

for using the site’s services through the travel and time costs associated with
v i s i t i ng  t ha t  site.? S ince  rec rea to r s  v i s i t  a  s i t e  f r om d i ve rse  o r i g i ns ,  t he i r
“travel behavior” can be used to analyze the demand for the site’s services.
That  is ,  a l l  e lse be ing equal , any person wi l l .  cont inue to  t rave l  to  the s i te
un t i l  t he  marg ina l  va lue  o f  t he  l as t  t r i p  i s  exac t l y  equa l  t o  i t s  f u l l  cos t s
( i .e . ,  the t rave l  expenses and the oppor tun i ty  cost  o f  the t ime spent  t rave l -
i ng ) .

As a rule, the travel cost model estimates the demand for the representa-
t i ve  i nd i v i dua l .  The re fo re ,
ity improvement at a site,

to est imate the aggregate benefi ts of water qual-

to rs  would  use i t .
the practitioner needs to estimate how many recrea-

The so lu t ion to  th is  prob lem wi l l  depend upon the data
used to est imate individual demand. For example, the v is i ts  made by res i -
dents of an origin zone, usual ly during a season, relat ive to the populat ion of
that  or ig in  zone is  the quant i ty  measure-- a
in the travel cost model.

rate of use--conventional ly used
Since benef i ts  are  for  the “ representat ive”  ra te  o f

use, mult iplying by the population of that origin zone wil l  yield i ts aggregate
benefit estimates. Overall benefits would be the sum of the zone benefit esti-
mates.

*For further detai ls see Dwyer, Kelly, and Bowes [1977], Freeman [1979],
Smith [1975], and Desvousges, Smith, and McGivney [1983].

j’Most  publ ic recreation faci l i t ies either have no user fees or have nomi-
nal fees that do not ref lect the marginal cost of a si te’s recreation services.
Thus, these fees are not indicat ive of the equi l ibr ium. prices that would arise
if conventional market mechanisms allocated the services of recreation sites.
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Travel cost models also can be estimated by surveying users at a specific
recreation si te. Then, the benefi t  est imates are for a “representat ive” recre-
ationist and estimates of total site use estimates must be obtained independent-
l y . Possible sources of these est imates include the Corps of Engineers, the
Depa r tmen t  o f  I n te r i o r , o r  pa rks  and  rec rea t i on  depa r tmen ts  a t  t he  S ta te
level.

If a travel cost model can be estimated, it can be used to estimate con-
sumer  surp lus . However, t h i s  i s  o n l y  p a r t  o f  t h e  p r o b l e m  t h a t  m u s t  b e
solved to appraise the benefi ts of water qual i ty improvements. In  addi t ion,
the l inkages between the regulat ions, the changes in  water  qual i ty ,  and the
recreation decisions of individuals must be known. One possible linkage is a
change in  demand for  the serv ices o f  a  recreat ion s i te  because ind iv idua ls
wish to use them in one or more act ivi t ies. A change in  the leve l  o f  water
quali ty may permit a wider range of uses, increase the individual ’s enjoyment
(and hence valuation) of exist ing uses, or both, which increases the demand
for the site’s services at each (implicit) price.

Therefore , to evaluate the implicat ions of a change in water qual i ty for
an individual ’s economic well-being, water qual i ty must be l inked to the vari-
ables in a recreation demand function. Three ways for making this association
will be discussed in detail in Volume II. The case shown in Figure 3-3 offers
the most acceptable approach for l inking water qual i ty to recreation site de-
mand. I t  incorporates the e f fec ts  o f  water  qua l i ty  as  a  determinant  o f  the
demand in the travel cost model for a si te’s services (see Freeman [1979],
Chapter 8). S ince l i t t le  ev idence genera l ly  ex is ts  on the var ia t ion in  water

Figure 3-3. Illustration of the treatment of water
quality with travel cost demand model.
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quality across the same water body, the travel cost model is difficult to imple-
men t  emp i r i ca l l y  w i t h  a  s i ng le  s i t e . Concep tua l l y ,  howeve r ,  a  change  i n
water qual i ty is assumed to shif t  si te demand by providing a wider ranger of
act iv i t ies. Thus, i n  F igu re  3 -3 , the benefi ts associated with a change from
WQ to WQ* would be represented by the area HGFE. The scenario in Chap-
te r  6  shows  an  ex i s t i ng  s tudy  t ha t  can  be  app l i ed  t o  new  s i t ua t i ons  ( see
Chapter 6, Section 6.4).

Data Needs, Key Assumptions/Limitations, and Features

The fol lowing checkl ist outl ines the data needs and key assumptions and
features of the travel cost model.

Data Needs:

Or ig in - - county o f  r e s i d e n c e  o r  z i p  c o d e - - f o r  u s e r s  o f  t h e
recreation site. These  a re  o f t en  ava i l ab le  f r om rec rea t i on
management agencies for samples of users.

Population size and summary measures for features of the popu-
lat ion in each origin zone (e.g.,  median family income, median
age,  and median educat ion) . Sources inc lude census data ,
national and State recreation surveys, and site surveys.

Round- t r ip  mi leage f rom each or ig in  to  s i te .  Th is  in format ion
can be calculated from maps.

Vehicle costs per mile and impl ici t  t ime costs of travel.  Travel
costs should be calculated as operat ing costs per mile for the
vehicle. T ime costs  can be es t imated wi th  the approx imate
wage rate for the household head. One source is a wage and
occupation survey.

Key Assumptions/Limitations and Features:

The model  is  s i te  spec i f ic . I t  measures the demand for  the
services of a site, not total or general recreation demand.

The model measures only user benefits.

Consis tency in  the length o f  s tay for  each type of  t r ip  in  ag-
gregate data. For example, al l  tr ips are treated as day visi ts
o r  as  weekend  v i s i t s .

A si te’s demand depends on i ts potential  services for the re-
qu i red ac t iv i t ies . (For example, a  min imum-s ized r iver  seg-
men t  i s  necessa ry  f o r  power  boa t i ng ,  wh i l e  a  r i ve r  segmen t
with extensive locks and dams is not conducive to canoeing.)

The cost of t ime spent at the si te is excluded. This suggests
that “ fu l l -cost ”  may not  be expressed in  a  demand re la t ion-
ship.
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There are no good substi tute si tes avai lable. I f  many subst i -
tutes are available, the simple model will overstate the demand
for the site.

The travel cost is assumed to capture al l  the factors that in-
f luence the dec is ion to  recreate  a t  the s i te . (For example,
this assumption impl ies that no changes in access, docks, or
other site features occur.)

T h e  o n l y  p u r p o s e  o f  t h e  t r i p  i s  t o  r e c r e a t e  a t  t h e  s i t e .  I f
this is not the case, the cost of the tr ip has a joint cost and
benefits are overestimated.

CASE STUDY: ALTERNATIVE APPROACHES FOR ESTIMATING
RECREATION AND RELATED BENEFITS OF

THE MONONGAHELA RIVER*

Introduction

The travel cost model for the Monongahela River study assumes that site
features or  a t t r ibutes a f fec t  the ind iv idua l ’s  ab i l i ty  to  par t ic ipate  in  recrea-
t iona l  ac t iv i t ies  a t  any par t icu lar  s i te , as wel l  as  the qual i ty  o f  the recrea-
t ional act ivi t ies undertaken. It considers the demand for a recreation site as
a der ived demand. T h a t  i s , a  s i te ’s  serv ices are  des i red because o f  the
recreat iona l  ac t iv i t ies  that  can be under taken a t  that  s i te . Common sense
suggests that a recreation si te’s features or attr ibutes wi l l  inf luence the de-
mand for i ts services. Since the level of water qual i ty is a si te attr ibute, a
bas i s  i s  es tab l i shed  f o r  r e l a t i ng  wa te r  changes  t o  sh i f t s  i n  demand  f o r  a
recreation site’s services.

Approach

The measurement  approach examined numerous water -based recreat ion
sites from the Federal Estate Survey component of the 1977 National Outdoor
Recreation Survey. This survey provides specif ic information on the sample
rec rea t i on i s t  pa t t e rns  o f  use  du r i ng  a  s i ng le  season  f o r  each  s i t e . The
sample sizes for each site ranged from approximately 30 to several hundred
responden ts  and  i nc l uded  i n fo rma t i on  on  i nd i v i dua l s ’
socioeconomic characteristics,

recreat ion behav ior ,
travel t ime necessary to reach the site, residen-

t ial  locat ion, and a var ie ty  o f  o ther  fac tors . Th is  in format ion permi t ted the
estimation of individual travel cost demand models for each of the recreation
sites.

Several advantages of this travel-cost model include:

*This discussion is taken from Desvousges, Smith, and McGivney [1983].
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Deriving ind i v i dua l  es t ima tes  f o r  t he  t ime  assoc ia ted  w i t h
travel ing to the si te as wel l  as the roundtr ip distance for each
t r i p .

Using the opportunity cost of t ime to evaluate travel t ime and
est imat ing oppor tun i ty  cost  for  each ind iv idua l  based on h is
characterist ics, including age, education, race, sex, and occu-
pation.

Cons ider ing for  each s i te  the potent ia l  e f fec ts  o f  ind iv idua ls ’
differences in onsite time per visit.

A total of 22 individual si te demand funct ions were est imated based on
th is  survey. For example, Equation (3.1) is a general descript ion of one of
these site demand models:

In V = a + bTC + cY, (3 .1 )

where

In V = the natura l  log o f  the number  o f  v is i ts  by  a  household  to
the site in a recreation season.

TC = the t rave l  cost  per  v is i t  to  the s i te ,  inc lud ing out -o f -pocket
vehicle operat ing costs and the opportunity cost of the t ime
spent travel ing.

Y = family income.

The bas ic  hypothes is  o f  th is  s tudy is  that  var ia t ion in  the est imates o f
a, b, and c across si tes ref lects the effects of those si tes’  character ist ics on
the representa t ive  ind iv idua l ’s  demand for  each s i te ’s  serv ices.  Thus,  each
es t ima te  p rov ides  t he  bas i s  f o r  desc r i b i ng  how  a  change  i n  any  a t t r i bu te
would affect demand.

The second s tep in  the s tudy invo lved est imat ing the re la t ionsh ip  be-
tween variat ions in the si te-specif ic est imates of a, b, and c and each si te’s
a t t r ibu tes . The si te characterist ic information was obtained from records of
the U.S. Army Corps of Engineers and the water qual i ty data from the U.S.
Geological Survey. Table 3-2 reports the si te attr ibutes, including the water
qual i ty  measures used in  the model . Many  o the r  a t t r i bu tes ,  such  as  boa t
launches, docks, and recreational faci l i t ies, were tr ied, but none was stat is-
t ical ly signif icant. For sites where the information on water quality was incom-
p le te ,  the average va lue for  a l l  s i tes  was used.  Th is  t reatment  o f  miss ing
values means that the est imated relat ionships wil l  rely primari ly on sites with
observed readings for the water quality variables.

S ince prec is ion in  the est imates o f  demand parameters  a ,  b ,  and c  in
Equat ion (3 .1)  var ied, a  s ta t is t ica l  procedure was used to  account  fo r  the
qual i ty  o f  the est imates. Table 3-3 shows the est imated equations for the
demand parameters. As Table 3-3 shows, many of the attr ibutes have stat is-
t ical ly signif icant effects on the demand parameters, part icularly on the travel
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Table 3-2. Site Attr ibutes Considered in Monongahela River Study

Variable
name Descript ion Source

SHMILEa Number of miles of shoreline for the site

ACCESSa Number of developed multipurpose recrea-
tional areas plus the number of developed
access areas on the site

ARSIZEa The ratio of the pool surface acreage
during the peak visi t ing period relat ive
to the total project area in acres

DOafb Dissolved oxygen based on monthly
readings

U.S.  Army Corps
of Engineers

U.S.  Army Corps
of Engineers

U.S.  Army Corps
of Engineers

U.S. Geological
Survey

aThese  v a r i a b l e s  w e r e c o n s i d e r e d  a s  m o n t h l y  r e a d i n g s  a n d  a s  4 - m o n t h
averages in the specification of the demand parameter models.

b DOM and DOV correspond to the average value of dissolved oxygen over the
four monthly observations and the variance about that average, respectively.

Table 3-3. Estimated Equations for Site Demand Parameter Estimatesa

Site demand parameter estmates

Variable

Intercept term

SHMILE

ACCESS

ARSIZE

Average DO

Variance in DO

1.51 -0.0246 0.000005
(4.08) ( -9 .48) (0.308)

0.0003 -0.00001 9.74 x IO-IO
(1.25) ( -6 .76) (0 .09)

-0.0059 0.00008 4.69 x lO-7
( -1 .50 ) (2.81) (2 .56)

-0.395 0.0033 -1.94 x  lo-6
( -1 .75 ) (2.27) ( -0 .18 )

0.0045 0.00018 -1.22 x lo-7
(1.07) (5.99) ( -0 .60 )

0.0005 0.00001 9.39 x lo+
(1.86) (4 .08) (0 .01)

aThe numbers in parentheses below the est imated coeff icients are the asymp-
to t ic  (approx imate)  t - ra t ios  for  the nu l l  hypothes is  o f  no assoc ia t ion- - the
larger  the number , the more l ike ly  the nu l l  hypothes is  is  re jected. These
equations show how the parameters of the individual si te demand equations
vary with changes in the site’s attributes.
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cost parameter. The water qual i ty attr ibute has a highly signif icant effect on
travel costs, with the most plausible results obtained using the mean value of
dissolved oxygen over the 4-month summer period (June through September)
and the variance in dissolved oxygen about that mean. However, the small
variat ion in the water qual i ty measures over the sample suggests these f ind-
ings be interpreted cautiously.

The model was used to evaluate the benefits of a water quality improve-
ment for users of the Monongahela River in Pennsylvania. This site was not
included in the 22 used to estimate the model. The model was applied to an
independent data set based on a household survey of residents in the Monon-
gahela River Basin (see the case study under Contingent Valuation below for
more detai ls).  The survey reported suff icient information on the respondents’
socioeconomic characteristics, as wel l  as specif ic port ion(s) of the r iver used,
to construct individual demand curves varying by r iver si te (at a total of 13
different si tes) and by individual. The benefit calculations were as follows:

Estimates of consumer surplus loss per user i f  the r iver were
no longer available for its current use--recreational boating.

Estimates of the increment to consumer surplus associated with
imp rov ing  wa te r  qua l i t y  f r om the  cu r ren t  l eve l  t ha t  pe rm i t s
boating, to a level that would accommodate recreational fishing.

Estimates of the increment to consumer surplus associated with
improv ing water  qua l i ty  f rom the cur rent  leve l  (boat ing)  to  a
level that would accommodate swimming;

The levels of dissolved oxygen used in the benefi t  calculat ions for each
of these use designations were the values selected by Vaughan in Mitchell and
Carson  [1982 ]  i n  a  wa te r  qua l i t y  l adde r  deve loped  fo r  Resou rces  f o r  t he
Future (RFF).  The variance in dissolved oxygen was held constant at levels
corresponding to those generally observed at the 22 sites. Table 3-4 provides
the RFF ladder thresholds for each activity.

Table 3-4. Specifications for the Dissolved Oxygen (DO)
Levels Associated With Use Designations

Use DO level
designation (percent saturat ion)

Boatabl$
Fishable
Swimmableb
Drinkable

45
64
83
90

aThese t h r e s h o l d s  c o r r e s p o n d  t o  t h o s e  u s e d  i n  R F F ’ s
water quality ladder.

bThese use  des igna t i ons  we re  c o n s i d e r e d  f o r  b e n e f i t
analyses.
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Benefit Estimation

Figure 3-4 illustrates the model. D(WQ,)  corresponds to the representa-
t ive  ind iv idua l ’s  demand for  the s i te ’s  serv ices a t  a  water  qua l i ty  leve l  o f
WQl. Since the demand function is specified as semi-log in quantity, there is
no maximum pr ice  a t  wh ich v is i ts  to  the s i te  w i l l  be  zero. Therefore ,  the
benefi t  calculat ion required a maximum feasible price--P*. This was taken to
co r respond  to  t he  l a rges t  t r ave l  cos t  i ncu r red  by  any  o f  t he  use rs  o f  t he
Monongahela River ($22.65 per roundtrip).

Figure 3-4. General travel cost demand model for a water
quality improvement.

The first benefit calculation involves the computation of the baseline area
P.ABP*--the  loss in consumer surplus i f  the si te could no longer provide the
services  avai lable with a water qual i ty of WQ1 to the user with a travel cost
of Incremental benefi t  est imates were derived by est imating the addit ion
to consumer surplus associated with the increment to water qual i ty.
ure 3-4, a change from WQ1

In Fig-
to WQs would be shown as leading to an incre-

menta l  benef i t  o f  ACDB for  the user  a t  a  t rave l  cost  o f  P.. Table 3-5 pro-
v ides a  summary o f  the average benef i t  es t imate for  each change and the
range of estimates over the survey respondents.

Th is  case s tudy prov ides a  deta i led model  for  incorporat ing s i te  a t t r i -
butes in to  es t imat ing the demand for  water -based recreat ion s i tes  and,  in
turn ,  for  eva luat ing the benef i ts  f rom changing one or  more o f  those a t t r i -
butes. S ince i t  was deve loped f rom data pr imar i ly  on f la t -water  recreat ion
sites, the model can be used to predict benefi ts for changes in attr ibutes for
a  s izab le  range of  recreat ion s i tes . However ,  the ac tua l  es t imates o f  the
benef i ts  o f  water  qua l i ty  improvements in  t he  s tudy  mus t  be  rega rded  as
tentat ive because of the l imited avai lable information on water qual i ty. The
approach i l lus t ra ted by th is  case s tudy could  be used in  a  wide var ie ty  o f
applications. For one example, see Chapter 6, Section 6.4.
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Table 3-5. Benefit Estimates from Generalized Travel
Cost Model With the Monongahela Survey Respondents

Use designations

Benefitsa

Mean Range

Benefits lost as a result of the loss $53.35 0 to $70.80
of abi l i ty to undertake boating
act iv i t ies

Incremental benefits gained as a
result of water quality improvement
changing use designation from
boatable to fishable

$ 4.52 0 to $8.60

Incremental benefits gained as a
result of water quality improvement
changing use designation from
boatable to swimmable

$ 9.49 0 to $18.30

aThe  benefi ts are measured as the consumer surplus per user for the use of
the river during a single recreational season.

* * * * * * * * * * * * * * * *

Survey--Contingent Valuation

The contingent valuation survey approach for est imating the benefi ts as-
sociated with a nonmarketed commodity such as water qual i ty improvements
involves asking individuals about their wi l l ingness to pay for dif ferent levels
of  the commodi ty  invo lved. Use  o f  t he  su rvey  app roach  requ i res  t ha t  t he
practi t ioner determine the aspects of changes in environmental qual i ty individ-
ua ls  va lue and convey these aspects  to  the respondent . The approach as-
sumes that  ind iv idua ls  wi l l  accurate ly  reveal  the i r  va luat ion o f  potent ia l  be-
havioral responses in  hypothet ica l  market  exper iments . These experiments
depend on a survey procedure and a survey ins t rument .  The survey proce-
dure determines the appropriate sampling plan and specif ies the general re-
quirements of the survey instrument. The survey instrument is the question-
naire used to elicit the respondents’ answers.

A survey instrument is the cornerstone of the hypothetical market used
in the contingent valuation survey approach. It  wi l l  general ly consist of the
following sections [Rowe and Chestnut, 1981]:

Introduction and statement of purpose

Nonvaluation questions
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Scenario development and market definition

Bidding or valuation questions.

The f irst two sections are self  explanatory and wil l  not be discussed further.
The scenario development and market definition section is considered the most
cr i t i ca l  aspect  o f  survey ins t ruments  because i t  must  care fu l ly  present  the
a l ternat ive leve ls  o f  env i ronmenta l  qua l i ty . I n  t he  case  o f  wa te r  qua l i t y ,
scenario development describes the linkages between the regulatory action and
the result ing change in water qual i ty.
mented by visual props,

Verbal or wri t ten descript ions, supple-
are used in this act ivi ty.

be informative and real ist ic.
Scenario development must

It  must portray the probabi l i t ies of the effects,
as well as the effects themselves.

After the hypothetical scenario is developed and the market is defined,
the bidding or valuation of the environmental commodity takes place. Several
questioning formats can be used:

Direct Question--The interviewer direct ly asks the individual ’s
wi l l ingness to  pay for  a  spec i f ied change in  the amount  o f  a
commodi ty- -water  qual i ty - - that  has been carefu l ly  def ined.  No
cards or other aids are used to obtain the amounts.

Bidding Game--The interviewer defines the change to be evalu-
ated, suggests  to  the ind iv idua l  an amount  represent ing the
value of the change (the start ing point),  and asks whether he
would be wil l ing to pay that amount. Based on the response,
t he  i n te r v i ewe r  ra i ses  o r  l owe rs  t he  sugges ted  va lue  by  a
f i x e d  a m o u n t  a n d  r e p e a t s  t h e  p r o c e s s  u n t i l  t h e  i n d i v i d u a l
agrees no further change is necessary.

Payment Card--This approach also does not directly ask about
w i l l i ngness  t o  pay . The  i n te r v i ewe r  exp la i ns  t he  spec i f i ed
change to be evaluated, p rov ides  t he  i nd i v i dua l  w i t h  a  ca rd
displaying an array of potential values, and asks him to select
a value or give any value for wi l l ingness to pay. These num-
bers range from zero to values judged to be outside the range
of responses. Some su rveys  (no tab l y  M i t che l l  and  Carson
[1981]) have adjusted the upper bounds of values on the cards
for higher income respondents. In  addi t ion, in  an anchored
payment card format, some responses have been identified as
re f lec t ing the share o f  an ind iv idua l ’s  taxes assoc ia ted wi th
specif ic publ ic programs, such as education and defense (see
Mitchell and Carson [1981]).

Bidding Game With Budget Constraint--This approach is a very
recent  innovat ion for  the b idd ing game format  d iscussed in
Brookshire et al.  [1982]. Before request ing a  b id  in  the for -
mat explained above, t he  i n te r v i ewe r  asks  t he  i nd i v i dua l  t o
estimate his after-tax monthly income and al locate i t  into ex-
pendi ture  categor ies- - for  example,  e lec t r ic i ty ,  she l ter ,  enter -
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ta inment ,  sav ings,  and a  res idua l . A f t e r  t h i s  i n f o rma t i on  i s
acqu i red ,  t he  i n te r v i ewe r  conduc t s  a  b i dd ing  game  w i t h  an
addit ional question: “Which of the categories of expenditures
would be reduced in order to make the proposed payment?”

Ranked Choice and Wil l ingness to Pay--In this approach, intro-
duced, by Rae [1981a, 1981b], the interviewer provides individ-
uals with different hypothetical market outcomes--proposed pay-
men ts  and  a  spec i f i ed  l eve l  o r  change  i n  wa te r  qua l i t y ,  f o r
example, to be ranked. These ranks are then used in a statis-
tical analysis to estimate the individual’s willingness to pay.

The question format and descript ion of the hypothetical market are important
determinants of the qual i ty of the est imates derived from a contingent valua-
t ion experiment. The results of a comparative analysis of the direct question,
payment card, and bidding game formats in Desvousges, Smith, and McGivney
[1983] suggest that,  for questions associated with water qual i ty,  the question
format has some effect on the average wil l ingness to pay. The start ing point
for the bidding game appears to influence the average values.

Two basic types of biases can arise in designing the format of a contin-
gent  va luat ion s tudy.  S ince Schulze,  d ’Arge,  and Brookshi re  [1981] ,  Rowe
and Chestnut [1981], and Mitchell and Carson [1981] have all discussed these
biases in detail, a brief overview of their conclusions is provided in Table 3-6,
which def ines the b ias , ident i f ies  the s tud ies  that  cons idered i ts  potent ia l
effects, and summarizes the current understanding of its effects.

Overal l ,  the results seem to suggest that start ing point bias may be the
most important considerat ion (aside from the hypothetical nature of the ques-
t ions, which has not received suff ic ient test ing to ful ly gauge i ts impl icat ions)
i n  us i ng  t he  con t i ngen t  va lua t i on  f r amework . Most  o f  the o ther  potent ia l
sources of bias can be control led in the structuring of the instrument and the
explanat ions prov ided to  sample respondents . Several addit ional technical
assumptions are highlighted below in a summary of data requirements and key
assumptions of the approach.

Data Needs, Key Assumptions/Limitations, and Features

The fol lowing checkl ist out l ines the data needs for the contingent valua-
tion survey approach, along with its key assumptions and features.

Data Needs:

Survey of individuals designed to be representat ive of affected
population.

Clear ly  def ined and pretested survey ins t rument . In-person
in terv iews are genera l ly  more re l iab le  than te lephone or  mai l
surveys.
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Type of  b ias

Table 3-6. Summary of Biases in Contingent Valuation Experiments

Studies that  have Summary of
Definit ion tested for bias c u r r e n t  resultsa

General

Hypothetical Error  in t roduced by posing hypothet ica l
conditions rather than actual condi-
tions to an individual; response may
not be a good guide to actual actions
indiv idual  would take

One known test - -
Bishop-Heberlin
[1979]

Strateg ic

Inst rument
Related

Star t ing
point

Vehicle

Attempt by respondents to influence out- At least eight tests
come of study by systematically over- (see Schulze,
or  under-b idding so act ion favors d ’A rge ,  and
thei r  t rue in terests ;  s t ra teg ic Brookshire [1981]
responses depend on how payment scheme for  summary;
is defined and whether it is believed Cronin  [1982] )

Contingent valuation experiments using At  least  f ive tests
bidding game format have started with (see Schulze,
suggested payment and use yes or no d’Arge,  and
responses to derive final will ingness Brookshire [1981]
to pay; suggestion may be perceived as and Rowe and
appropr iate b id Chestnut [1981])

Characteristics of proposed mechanism.
for obtaining respondent's wil l ingness
to pay may influence responses

information Effect of information provided to
respondent on costs of action under
study or other dimensions of problem
may affect responses

Interv iewer Responses vary systematically according
t o  i n t e r v i e w e r

At least four tests
(see Schulze,
d ’Arge,  and
Brookshire [1981]
and Mitchell and
Carson [1982])

At  least  four  tes ts
(see Schulze,
d ’A rge ,  and
Brookshire [1981]
and Mitchell and
Carson [1981])

Two tes ts- -
Desvousges, Smith,
and McGivney
[1983] and
Cronin  [1982] )

Some indication that
hypothet ical  nature
of  quest ion d id
influence responses,
b u t  c o u l d  n o t  d i s -
t ingu ish  th is  e f fec t
f rom ins t rument-
related biases

Very l i t t le evidence
of strategic bias
except  for  Cronin
[1982]

Some differences in
opinion over impor-
tance of  s tar t ing
point  b ias;
Mitchell-Carson
feel  s tar t ing point
bias is important,
and Desvousges,
Smith, and McGivney
[1983] provide some
suppor t ;  Schulze,
d ’A rge ,  and
Brookshi re [1981]
feel it is more
limited

Some evidence of
e f fec ts  in  a t
least two studies

Limited evidence of
effects

No evidence of bias

Bias present

aThe def in i t ions and resul ts  summar ized in  th is  tab le are based on Schulze,  d ’Arge,  and Brookshi re [1981] ,
Rowe and Chestnut [1981], and Mitchell and Carson [1981].
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Key Assumptions/Limitations and Features:

Individuals’ responses to hypothetical questions are assumed to
be  i nd i ca t i ve  o f  t he i r  ac tua l  va lua t i ons  o f  t he  changes  de -
scribed in the questions.

Careful tests are required to determine start ing point effects,
appropr ia te  mechanisms for  payment ,  and cons is tency o f  re-
sponses with other budgetary requirements.

Careful control is required over information given respondents
so answers are based on the same information in each inter-
view.

CASE STUDY: RECREATION AND RELATED BENEFITS
OF WATER QUALITY IMPROVEMENTS OF THE

MONONGAHELA RIVER*

Introduction

This  cont ingent  va luat ion survey measured the recreat ion and re la ted
benef i ts  o f  water  qua l i ty  improvements  in  the Monongahela  River  Bas in  in
Pennsylvania. I t  compared alternative question formats for asking individuals’
wi l l ingness to pay and measured both user and nonuser values. In a house-
ho ld  survey conducted by 9  profess ional  in terv iewers f rom the f ive-county
area, an 80 percent  response ra te  was obta ined f rom a c lus tered random
sample of 393 households.

Approach

In any cont ingent  va luat ion s tudy, the survey quest ionnai re  is  the key
element for providing plausible results. By dividing the questionnaire into a
version for each question format and distr ibut ing each version equal ly among
the interviewers, the Monongahela study compared the techniques.

A  wa te r  qua l i t y  l adde r , deve loped  by  RFF  ( see  the  t r ave l  cos t  case
s tudy  f o r  more  de ta i l ) , was used to  es tab l ish  a  l inkage between leve ls  o f
water qual i ty and the associated uses for recreation. Tied to scient i f ic meas-
ures of water qual i ty, the ladder steps permit the respondent to give his wi l l -
ingness to pay for the various levels of water quality.

The contingent valuation method requires a way to make the hypothetical
payment for water qual i ty improvements. User fees, increases in sales taxes,
and increases in  water  b i l l s  are  among the a l ternat ives used. T h i s  s t u d y
expressed the additional annual amounts as taxes and higher consumer prices.
A lso used by Mi tche l l  and Carson [1981] ,  th is  method corresponds roughly
with how a respondent actually pays for water quality improvements.

*This discussion is taken from Desvousges, Smith, and McGivney [1983].
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Each version of the questionnaire used a different technique to elicit the
respondent’s willingness to pay. The i terat ive bidding technique was used in
two versions, with the interviewer start ing the bidding at $25 in one version
and at $125 in another. The direct question techniques and the payment card
were also used. The payment card contained values arrayed from $5 to $775,
but no other information.

A l l  ve rs i ons  o f  t he  ques t i onna i re  requ i red  t he  responden t  t o  p l ace  a
value on a degradation in water qual i ty in the Monongahela from its present
overa l l  leve l  o f  boatab le  to  a  leve l  where the r iver  was unsui tab le  for  any
recreation. Addit ional amounts were el ici ted for water qual i ty improvements
to  suppor t  f i sh ing and swimming. These amounts ref lected actual use and
potential  use in the future, with a fol lowup question requir ing the respondent
to break down the amounts into actual and potential use.

Benefit Estimation

For  each vers ion o f  the quest ionnai re , Table 3-7 presents the average
amounts users and nonusers of the Monongahela River were willing to pay for

Table 3-7. Willingness to Pay for Three Levels of Water Qualitya
( $ / y r )

Users Nonusers Combined

Payment card

Mean 117.9 (47.1) 82.8 93.8 (71.6)
Standard deviation 117.0 (53.8) 104.7 108.9 (92.8)
Number of respondents 17 37 54

Mean
Standard deviation
Number of respondents

Direct question

98.2 (47.4)
103.5 (81.5)

17

34.5 55.7 (38.8)
66.4 85.2 (71.8)
34 51

Bidding Game: $25 start ing point

Mean 59.5 (42.4) 51.4 54.1 (48.4)
Standard deviation 38.1 (31.9) 53.1 48.5 (47.1)
Number of respondents 19 39 58

Bidding Game: $125 start ing point

Mean 194.4 (109.4) 79.2 117.6 ( 89.3)
Standard deviation 136.5 (129.2) 102.5 126.0 (111.6)
Number 16 32 48

aAs defined in Section 3.2, numbers in parentheses are individuals’  est imated
mean option values and corresponding standard deviations.
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avoiding a decrease in water qual i ty and for raising i t  to swimmable levels.*
Severa l  conc lus ions can be drawn f rom the resu l ts  in  Tab le  3-7 .  The est i -
mates of willingness to pay-- regard less of method used to el ic i t  the amount--
are  qu i te  substant ia l , ranging f rom $35 to  $195 per  year . The resu l ts  are
sensit ive to the method used; the payment card with the $125 start ing point
bidding game gave higher amounts than the direct question with the $25 start-
ing po in t  b idd ing game. There is  some ind icat ion o f  a  s tar t ing po in t  b ias ,
but the evidence is not conclusive.

Users of the Monongahela general ly were wil l ing to pay higher amounts
than nonusers, with their average values ranging from $59 to $194 compared
to a nonuser range of $34 to $83. Estimates of opt ion value are about half
the user ’s  w i l l ingness- to-pay va lues and are s ta t is t ica l ly  s ign i f icant  for  both
users and nonusers. The results imply that benefit estimates based solely on
recreation use may substantial ly understate the total benefi ts of water qual i ty
improvements. The approach i l lustrated by this case study could be used in
a wide variety of applications. For one example, see Larson [1981].

* * * * * * * * * * * * * * * *

Survey--Recreation Part icipation Models

Many State and Federal agencies undertake surveys of the general popu-
lat ion in an effort to identi fy household part icipation patterns for recreational
act iv i t ies. As  a  ru l e , these surveys provide detai led information on house-
hold characterist ics and on the types and amounts of part icipat ion in outdoor
recreation. These surveys have been used to estimate recreation participation
models. Such models are neither demand nor supply relat ionships but sum-
mar ies  o f  a l l  the determinants  o f  the l ike l ihood that  an ind iv idua l  w i l l  par t i -
cipate in recreational act ivi t ies--for example, boating, f ishing, or swimming--
as wel l  as of the level of part ic ipat ion in these act ivi t ies. General ly, these
models divide the part ic ipat ion decision into two steps: determining whether
a person part icipates in a part icular act ivi ty and modeling the expected num-
ber of days (or trips) he spends at the activity over a season.

These models have been developed from a framework that views the indi-
v idua l  as  maximiz ing wel l -be ing by se lect ing leve ls  o f  serv ice f lows for  h is
consumption. Ind iv idua ls  produce these serv ice f lows by us ing t ime and/or
purchased goods and serv ices.  For  example, the leve l  o f  par t ic ipat ion in  a
recreation act ivi ty is one measure of recreation service f low that requires the
person’s t ime, any equipment associated with the act ivi ty, and the services of
a  recreat ion s i te  as  inputs . Part icipat ion models, which descr ibe the f ina l
r esu l t  o f  t he  ac t i v i t y , are in f luenced by each e lement  in  the product ion o f
service flows.

*These mean amounts are calculated exclusive of the respondents who
rejected the approach and those who were shown to be outl iers by a stat is-
t ical analysis. For  a  complete  d iscuss ion o f  the procedures used to  make
these determinations and the small differences that result from the exclusions,
see Desvousges, Smith, and McGivney [1983].
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This perspective is important because it establishes a natural association
between part icipat ion and travel cost models. Travel cost models are demand
models for the services of a recreation si te. These services add to the pro-
duct ion o f  the recreat ion serv ice f lows.  In  add i t ion,  benef i ts  measured by a
part icipat ion model should, for consistency, use the demand for the recreation
service f low and not for the recreation si te, but these demands are dif f icult
to isolate.* This often makes assignments of benefit estimates resulting from
a  c h a n g e  i n  w a t e r  q u a l i t y  a r b i t r a r y  ( s e e  D a v i d s o n ,  A d a m s ,  a n d  S e n e c a
[1966]).

Ins tead of  ident i fy ing the recreat ion fac i l i t ies  used by the survey re-
spondents, part icipat ion surveys have, as a rule, required crude measures of
recreat ion supply  character is t ics  to  be merged. In  pr inc ip le , th is  merg ing
permits the use of summary measures of water qual i ty for regional areas as
determinants  o f  the l ike ly  par t ic ipat ion and the leve l  o f  par t ic ipat ion o f  the
representat ive household. Y ie ld ing crude approx imat ions a t  best ,  th is  prac-
tice reflects the paucity of data in this area.

However  water  qual i ty  is  in t roduced, i t  should be emphasized that the
results of these models are estimates of the levels of use of recreation activi-
ties and not economic benefits.
developed independently.

Methods for measuring these values must be

Data Needs, Key Assumptions/Limitations, and Features

The fol lowing checkl ist out l ines the data needs for the part icipat ion sur-
vey method, along with its key assumptions and features.

Data Needs:

Survey o f  recreat ion pat terns o f  the genera l  popula t ion,  w i th
soc ioeconomic  deta i l  and ident i f i ca t ion o f  res ident ia l  locat ion
(preferably in more detail than State of residence).

Identi f icat ion of si tes used for recreation act ivi t ies, or at least
some measure o f  the supply  o f  recreat ion fac i l i t ies ,  is  h igh ly
desirable.

Measures o f  water  qual i ty  for  s i tes  used by respondents ,  or
l inkage between water  qual i ty  and capac i ty - re la ted measures
for recreational activities.

Key Assumptions/Limitations and Features:

An independent est imate is required of an individual ’s wi l l ing-
ness  t o  pay  f o r  a  day  o r  a  t r i p  spen t  i n  each  rec rea t i ona l
act iv i ty .

*See Deyak and Smith [1978] and Bockstael and McConnell [1981].
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The demand and supply  re la t ionsh ips are assumed to  remain
stable.

Model  spec i f ica t ion ( i .e . , two -s tep  pa r t i t i on  o f  pa r t i c i pa t i on
decision and level of part icipat ion) is assumed to be correct,
and functional forms are assumed to be adequate approxima-
t ions.

Measures should be provided at a general level, not on a site-
specific basis.

* * * * * * * * * * * * * * * *

CASE STUDY: A PARTICIPATION SURVEY APPROACH TO
VALUING WATER QUALITY IMPROVEMENTS*/

Introduction and Basic Logic

The  Vaughan -Russe l l  [ 1982 ]  s tudy , t he  mos t  amb i t i ous  and  de ta i l ed
appl icat ion of a recreation part icipat ion model to date, focused on the recrea-
t ional f ishing benefi ts that arise from a change in water qual i ty. I t  used the
fact that more “desirable” freshwater sport f ish--coldwater and certain warm-
wa te r  spec ies - - requ i re  be t t e r  wa te r  qua l i t y . Improved  wa te r  qua l i t y  may
alter the types of f ish that can be supported in a water body. Assuming the
suppor t ing recreat ion fac i l i t ies  are  ava i lab le , Vaughan-Russel l  suggest  that
there wil l  be a change in the type of f ish (and perhaps a net increase in the
level of f ishing part icipat ion) from less desirable to the more desirable varie-
t ies. The sources of benefits from the water quality change arise from:

The change in the composition of fishing activities

Any net increase in the level of participation in fishing.

To implement this logic on a national scale, the Vaughan-Russel l  objec-
t ive, requires the fol lowing:

Measuring the avai labi l i ty of freshwater bodies for f ishing and
their water qualities at a geographically disaggregated level.

Modeling and measuring the inf luence of water qual i ty on par-
t ic ipat ion in  recreat iona l  f ish ing and on f ish ing act iv i t ies  by
type of fish sought.

Measuring the economic benefi ts according to the type of f ish
sought.

*This study is taken from Vaughan and Russell [1982].
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This review highl ights some of the key elements in this appl icat ion of part ici-
pation models.

Approach

The f i rs t  s tep in  the ana lys is  was to  es t imate the ava i lab le  “ f ishab le”
waters. Us ing d isso lved oxygen and suspended so l ids  cr i ter ia ,  Vaughan-
Russel l  pro jec ted to ta l  f ishable  water  on a  pre-  and post -po l icy  bas is . For
each policy scenario; they used the following steps:

1. Calculate the percentage increase from basel ine levels of total
fishable water as represented in the RFF water quality network
model.

2. Estimate the policy impact by applying the improvement factors
from Item 1 above to a national basel ine of f ishable acres per
capita.

3. Est imate the change in composi t ion o f  f ish ing act iv i t ies  by
us ing  t he  wa te r  qua l i t y  ne two rk  mode l  t o  ca l cu la te  f i shab le
water by species type.

These  s teps  a re  based  on  a  rec rea t i ona l  f i sh i ng  pa r t i c i pa t i on  mode l  t ha t
divides a person’s participation choices into three decisions:

1. “Decide whether or not to fish”

2. “Decide what to fish for”

3. “Decide on a level of participation.”

The model implies that the amount of fishable water available affects the
p robab i l i t y  o f  an  i nd i v i dua l ’ s  be ing  a  f i she rman .  Then ,  t he  su i t ab i l i t y  o f
water  qua l i ty  to  suppor t  a  c lass  o f  f i sh  (e .g . ,  co ldwater ,  warmwater ,  game,
and  rough )  a f f ec t s t h e  t y p e  a n d  l e v e l  o f  f i s h i n g  a c t i v i t y . Pol icies that
change water qual i ty affect the avai labi l i ty of each type of f ishable water. In
the  Vaughn -Russe l l s tudy, t h i s  r e l a t i onsh ip es tab l i shed  t he  necessa ry
technical linkage between water quality and behavior (see Chapter 1).

The empir ical analysis of part icipation was based on the 1975 National
Su rvey  o f  Hun t i ng , Fishing, .and Wildl i fe Associated Recreation. For  Par ts
(1)  and (2)  o f  the f ish ing dec is ion, probabil i ty models were est imated using
several stat ist ical techniques. The models  inc luded a wide ar ray o f  soc io-
economic variables (e.g.,  age, sex, income, region, residency in metropoli tan
area, residency in State with coastl ine, and total acres of f ishable water in
the Sta te  per  cap i ta) . The es t imated e f fec t  o f  acres  o f  f i shab le  water  per
cap i ta  on the l ike l ihood of  par t ic ipat ion in  f ish ing was pos i t ive  and s ta t is t i -
cally significant.
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Several methods were considered for est imating the second-stage proba-
b i l i ty  models- - i .e . , fo r  the par t icu lar  type o f  f ish ing se lec ted.  The f ina l  set
o f  mode l s  f o r  t hese  p robab i l i t i e s  was  based  on  t h ree  ove r l app ing  f i sh i ng
choices--some trout,  some bass, and some rough f ish. The most  s ign i f i cant
effect of the f ishery-specif ic water qual i ty variable was the coldwater game-
f ish category . Nonetheless, t he  s i gns  o f  t he  e f f ec t s  o f  t he  wa te r  qua l i t y
var iab les genera l ly  agree wi th a priori expectations for all categories of
f ish ing.

In the last component of the model, the number of days spent f ishing in
each category were estimated. The participation model requires the use of all
three components to evaluate the implications of a change in water quality on
the types o f  f ish ing chosen. Table 3-8 i l lustrates the results of one of the
Vaughan-Russel l  scenarios--adoption of Best Practicable Technology (BPT) for
the pred ic ted changes in  the mix  o f  f ish ing act iv i t ies  under taken.  The las t
three l ines in Table 3-8 provide the “bottom l ine” implicat ions of the model in
physical terms. They are not benefit estimates but, rather, increases in the
number of f ishing days of various types. If  benefi t  est imates are to be de-
rived from the model, these fishing days must be valued.

Table 3-8. Vaughan-Russel l  Model--Predicted Effects
of BPT Regulations on Participation

Change from base case Change in relevant variable BPT/BASEa

Probability of being a fisherman

Probability of doing some:

Trout  f ish ing
Bass fishing
Rough fishing

Days per capita per year:

T r o u t
Bass
Rough

Total days per year:

T r o u t
Bass
Rough

+0.0001 b

+0.0076
-0.0142
-0.0039

+0.02
+0.34
+0.51

+7.2 x IO6
-1 .3  x  IO6
+5.6 x IO6

SOURCE: Vaughan and Russell [1982], Table 6-1.

aThe logit  est imates using a sample size of 5,000 were used for these est i-
mates.

b
This may  seem an  i nconsequen t i a l  change  i n  t he  p robab i l i t y  o f  be ing  a
fisherman, but it implies an increase of 20,000 fishermen per year.
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Benefit Estimation

To value these f ishing days, Vaughan-Russell conducted a separate sur-
vey of fee f isheries in the United States and used the results of the survey
to est imate a travel cost model, account ing for  the e f fec ts  o f  a  number  o f
character is t ics  o f  the ind iv idua l  f i sher ies . * Separate models were estimated
fo r  t r ou t  and  ca t f i sh  ( as  a  bas i s  f o r  va l u i ng  t he  rough  f i sh i ng ) .  The  es t i -
mates o f  consumer  surp lus  were conver ted to  a  per  day per  person bas is .
Cons ider ing the d i f fe rent ia l  in  these va lues between t rout  and cat f ish ,  the
est imates ranged f rom $1.77 to  $8.06 in  the f ina l  models . These estimates
provided the basis for valuing the increments to f ishing days projected in the
part icipat ion model. When the relevant dai ly per capita consumer surplus is
appl ied to the est imated increments in f ishing days, the incremental benefi ts
can be calculated from the Vaughan-Russell model.

One of  the most  impor tant  potent ia l  l im i ta t ions to  the Vaughan-Russe l l
methodology is the procedure used to value f ishing days. The relevant bene-
f i t  measure is the demand for f ishing as a recreational service f low, not the
measure estimated from the demand model for a site’s services. While there is
a cor respondence (see Anderson [1974]  or  Car l ton [1979] ) ,  the re la t ionsh ip
between the two wil l  depend on the nature of the other inputs to f ishing and
the act ivi t ies undertaken at the si te. Since the Vaughan-Russell model relies
on a very  spec i f ic  def in i t ion o f  the recreat iona l  ac t iv i ty  and t reats  t r ips  to
the f isheries as single-day visi ts, the discrepancies may not be great. How-
ever ,  the t ransfer  o f  the re la t ionsh ip  between t rave l  cost  and par t ic ipat ion
models implied by their framework may not be possible in other applications.

The re  shou ld  be  l i t t l e  doub t ,  even  w i t h  t h i s  cu rso ry  r ev i ew ,  t ha t  t he
Vaughan-Russel l  model represents an enormous undertaking and is the best
e f for t  ava i lab le  to  date  for  model ing recreat ion par t ic ipat ion. The approach
i l lustrated by this case study could be used in a wide variety of appl icat ions.
For one example, see Chapter 6, Section 6.4.

* * * * * * * * * * * * * * * *

Hedonic Property Value Method

Two types of recent models use market data on either property values or
real wages along with quantitative measures of environmental amenities to esti-
mate individual willingness to pay for a change in one or more amenities. Re-
searchers  have appl ied both proper ty  and wage models  to  va lue a i r  qual i ty
but have used only property value models in the case of water quality.

These models, known as hedonic models, use two assumptions: (1) par-
t ic ipants in a market accurately perceive the characterist ics of di f ferent hous-

*The characterist ics did not include water qual i ty because the f isheries
were separated by the type of fish.
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i ng  s i t es - - i nc lud ing  wa te r  qua l i t y - -and , in  making the i r  locat ion dec is ions,
wi l l  consider them along with the prices for the housing units; and (2) there
exists a continuous array of combinations of these characterist ics across dif-
fe rent  hous ing s i tes  wi th in  the market . An ideal market process wil l  ensure
that equi l ibr ium housing prices and rents wi l l  ref lect the marginal valuations
of the characteristics.

Data Needs, Key Assumptions/Limitations, and Features

Only  a  check l is t  on data needs,  key assumpt ions,  and features is  pre-
sented because the resources required to use this method would exceed those
available in most States. A detai led discussion and a related case study wil l
be presented in Volume II.

Data Needs:

Proper ty  va lues (prefer rab ly  sa le  pr ice)  for  res ident ia l  s i tes
around water bodies with dif ferent water qual i t ies in the same
housing market.

Information on other si te and neighborhood characterist ics that
may affect property values.

I n fo rma t i on  on  i nd i v i dua l s ’  pe rcep t i ons  o f  wa te r  qua l i t y  and
relationship to available physical measures of water quality.

Key Assumptions/Limitations and Features:

Market equilibrium

Full knowledge of the implications and effects of water quality

Abil i ty to determine extent of market and specify relat ionships
for hedonic price and demand functions

Full adjustment and ease of mobility.

Damage Function Method

The damage funct ion method appl ied to valuing the benefi ts from water
quality improvement is most relevant for the effects of water quality on human
health. In  pr inc ip le , this approach examines al l  the possible physical effects
of each type of emission into a water body. However, usually only the health
effects are considered.

( i . e . ,
To use this approach it is necessary to estimate, for each class of effect

chron ic  versus acute) , health impacts that stem from the relat ionship
between the physical effect and the concentrat ion of the relevant water pol-
lu tant , as  we l l  as  any  o the r  f ac to r s  t ha t  m igh t  i n f l uence  t he  po l l u tan t ’ s
impact. These  re l a t i onsh ips  a re  t he  damage  func t i ons .  They  a re  used  t o
estimate the physical effects of specified changes in water quality as measured
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by the concentrat ions of each of the individual pol lutants. The method does
not provide a way to value the physical effects so that independent estimates
of the health benefits must be developed.

Data Needs, Key Assumptions/Limitations, and Features

The fol lowing checkl ist out l ines the data needs for the damage function
method, along with i ts key assumptions and features. A detai led case study
will be presented in Volume II.

Data Needs:

Measures of concentrat ion of relevant pol lutants in water used
by population over time and over the geographic location.

Measures of features of population and health patterns.

Measures of other exogenous factors that may also affect ob-
served health patterns of population.

Key Assumptions/Limitations and Features:.

Provides largely statistical summaries of data on existing popu-
lation experiences.

Assumes no behavioral substi t i t ion on the part of populat ions
in response to levels of each pollutant.

Produces results sensitive to the statistical procedures used to
estimate the models.

Maintains t h e  p r i m a r y advantage allowing c lass i f i ca t ion  o f
effects according to physical impacts.

3.5 BUSINESS BENEFITS

Benefi ts from the water qual i ty programs can accrue to f i rms as wel l  as
to households because many provide for a wide spectrum of uses for r ivers
and streams, inc lud ing indust r ia l /commerc ia l ,  agr icu l tura l ,  nav igat ion,  and
munic ipa l  water  supply  uses. Measurement  o f  bus iness benef i ts  are  o f ten
easier because market prices are usually available to value these benefits.

Theory:  The Supply  Funct ion*

In addition to the demand function discussed earlier, economics provides
a second organizational guidepost for measuring benefi ts--the supply function,

*Th is  d iscuss ion is  a  summary o f  the d iscuss ion in  Just ,  Hueth ,  and
Schmitz [1982], Chapter 4.
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shown in Figure 3-5. The supply curve shows the maximum quanti ty of out-
put  o f  good X the f i rm is  wi l l ing to  supply  a t  each re levant  pr ice. I f  t he
market  es tab l ishes the pr ice  a t  P the  f i rm  w i l l  p roduce  t he  quan t i t y
The upward slope of the curve in Figure 3-5 indicates that the f i rm is
to sel l  more at higher prices than at lower prices, assuming that factors in-
f luenc ing the supply  funct ion- - the pr ices o f  inputs ,  such as labor ,  energy,
machinery, and technological improvements--do not change.

Figure 3-5. Supply function and the producer surplus.

The concept  o f  producer  surp lus  is  used as the genera l  measure for  a
change in  the wel fare  o f  a  f i rm. In  F igure 3-5,  producer  surp lus is  shown
as an area equal to the area above the supply curve and below the price line
for  the f i rm or  indust ry . Whether a producer is better off can be determined
by examin ing the change in  producer  surp lus. Producer surplus provides a
measure o f  a  change in  wel fare  for  a  f i rm because i ts  wel fare  is  measured
direct ly in dol lars of cost savings. This view of a firm is a simplified model
that does not include important di f ferences among f irms or the distr ibut ion of
profits among owners and resource suppliers.

Practice: Cost Savings Method for Measuring Business Benefits

The estimation of a firm’s benefits from water quality has been much less
sophist icated than the est imation of household benefi ts. The pr imary focus
has been on est imation of the cost savings associated with the water qual i ty
change. The est imates are derived largely from engineering cost est imates.
In  pr inc ip le , economic cost funct ions could provide the basis for these est i-
mates, but, in practice, they have not.

The hypothetical example for business benefi ts is for irr igat ion, but the
same method could be adapted to the other situations. The incremental pro-
ducer benefits that might arise from water quality programs are:
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Reduct ions in  indust r ia l  cost - - f i rms us ing water  in  processes
may have reduced production costs because either less treat-
ment of water is required or less maintenance is required for
pumps, pipes, and other parts of the production process.

Reductions in agricultural costs - - farmers us ing  wa te r  f o r  i r r i -
gation may have reduced production costs because less mainte-
nance of irr igat ion equipment is required or less fert i l izer per
bushel of crop is needed.

Reductions in navigation costs - -barges and other  water  t rans-
po r t  conveyances  may  have  reduced  r i sk  o f  acc iden t .  Sh ip
maintenance may be reduced.

From these simple examples two major points arise. T h e  f i r s t  i s
that  the focus on incrementa l  benef i ts  o f  water  qua l i ty  dec is ions wi l l
mean these benefits are considerably smaller than they would be if meas-
uring the total benefi ts of al l  water regulat ions were the primary objec-
t ive of the benefi t-cost assessment. That is,  the basel ine is important
in measuring the benefi ts of a part icular decision. The second point is
that the relative orders of magnitude of these benefits will be very speci-
f ic  to  the ind iv idua l  water  bod ies eva luated.  For  example,  the comple-
mentary attr ibutes necessary for recreation, such as access and overal l
sur roundings, might be at very low levels in some instances, whi le the
potential  for producer benefi ts from other designated uses is very large.
This point emphasizes the importance of the focus in the proposed water
quality standards program on selecting key segments and considering each
on a specific basis.

Data Needs, Key Assumptions/Limitations, and Features

The fol lowing checkl ist  out l ines the data needs of the cost savings
approach, along with its key assumptions and features.

Data Needs:

Cost data for firm (see Chapter 4 for details)

Demand information such as market prices and responsiveness
of sales to price changes.

Key Assumptions/Limitations and Features:

A l l  p roducts  and inputs  ( labor , machines) are bought and sold
in markets that are perfect ly competi t ive; that is, no buyer or
seller has influence over market prices.

The supply curve reflects the marginal social cost of producing
the  p roduc t  o r  se r v i ce . Th i s  imp l i es  t ha t  ne i t he r  ex te rna l
costs  nor  subs id ies  are  present  in  the market . (Th i s  i s  un -
l ike ly  for  the i r r igat ion example because of  the var ious legal
and regulatory inf luences in the market, but i t  is a useful as-
sumption to simplify exposition.)
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A sh i f t  in  the supply  o f  a  producer ’s  serv ices wi l l  not  a f fec t
the price at which they are sold in the market.

* * * * * * * * * * * * * * * *

CASE STUDY: IRRIGATION BENEFITS

Suppose that a State is considering a change in the designated uses of a
r iver  segment  to  prov ide for  f ish  and wi ld l i fe  propagat ion. As  a  byp roduc t
o f  th is  use des ignat ion, the qual i ty  o f  water  ava i lab le  for  i r r igat ion is  as-
sumed to  improve, thus sh i f t ing the supply  o f  i r r igat ion serv ices- -because
more high-qual i ty water is avai lable for irr igat ion--outward from S1 to Se, as
shown  i n  F igu re  3 -6 . *  I n  an  app l i ca t i on , the pract i t ioner  may have l imi ted
data on some costs, but seldom enough to estimate the entire supply function.
By supplementing the avai lable data (e.g., from the Bureau of Reclamation or
the U.S. Department of Agriculture [USDA]) with assumptions based on com-
mon sense, a rough cut at the problem can be obtained. For example pur-
poses, the entire supply curve is drawn.

Figure 3-6. Irrigation benefits.

*The stream’s flow is assumed to be strong enough that the increases in
irr igation wil l  not noticeably reduce i t . Prior to the change in use designa-
tion, the limiting factor is assumed to be water quality rather than flow.
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The task is to calculate the irr igat ion benefi ts from this shif t  in supply--
the change in  producer  surp lus  a t t r ibuted to  the implementat ion o f  the new
designated use. The crosshatched por t ions o f  Areas a  and b in  F igure 3-6
are the two components of the change in producer surplus. Area a is the new
producer surplus result ing from reduced cost of the original volume of irr iga-
t ion serv ices (100) . Area b is  the new producer  surp lus on the addi t iona l
volume of i rr igat ion attr ibutable to the reduced cost result ing from the water
quali ty standards.

As  d rawn , Area a  is  a  para l le logram showing the cost  sav ings on the
original i rr igat ion volume. Using the formula for the area of a parallelogram:

Area a = (side) x (perpendicular distance to parallel side)

Area a = $(2-1) x (100-0)

Area a = $(1) x (100)

Area a = $100/year.

Area b is the addit ional irr igation induced by the decrease in costs due
to the water quality standards. Using the formula for the area of a triangle:

Area b = k(base)  x (height)

Area b = %$(2-l)  x (300-100)

Area b = k$(l) x (200)

Area b = $100/year.

Thus, the change in  producer  surp lus - - t h e measure o f  f i rm benef i ts - -
a t t r ibu tab le  to  the cost  sav ings f rom the add i t iona l  r iver  uses in  the water
quality standards is $200 a year.

There are several important caveats to the forgoing simple example for
estimating firm benefits:

The costs are not quite as simple as in this example. However,
the basic measurement concept still applies.

The assumptions required for the example are str ingent ones,
but  they do prov ide a workable approx imat ion for  many ind i -
vidual river segments.

In the cases of agriculture and nagivat ion, inst i tut ional factors
in  those markets  may d is tor t  the t rue soc ia l  cost . F o r  e x -
ample, the subs id izat ion o f  waterway act iv i t ies  and the regu-
la ted ra tes in  ra i lway and h ighway t ranspor ta t ion may v io la te
the assumptions of perfect competition in those markets.
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I f  the assumpt ion o f  per fec t  compet i t ion  in  the input  markets
does  no t  ho ld ,  t he  p roduce r  su rp lus  may  ac tua l l y  acc rue  t o
providers of labor or capital services.

Market power result ing in control over market prices and out-
p u t s  w i l l  d i s t o r t  t h e  s u p p l y  r e l a t i o n s h i p s  a n d  m a k e  p r i c e s
higher than in competition.

3.6 PUBLIC WATER SUPPLY BENEFITS

Reductions in treatment requirements for municipal water supplies consti-
t u t e  a n o t h e r  p o t e n t i a l source o f  b e n e f i t s  f r o m w a t e r  q u a l i t y  p r o g r a m
decisions. By hav ing a  use des ignat ion that  prov ides for  f ish  and wi ld l i fe
propagation, a city that uses a river as a water supply source may be able to
prov ide water  w i th  less  t reatment  than i f  the use des ignat ion were agr icu l -
tura l  or  indust r ia l . Once again, it is essential to remember that the focus of
the benefit measurement should be the incremental benefits attributable to the
particular policy, not total benefits from all water regulations.

Since calculat ion of these benefi ts could proceed exactly as in the case
of business benefi ts, no case study is provided. The same key assumptions
apply as with business benefits.

The cr i t i ca l  issue o f  tox ic  substances or  tox ic  po l lu tants ,  wh ich would
apply to a publ ic water supply, is not considered in this handbook. As more
in format ion becomes ava i lab le  on the extent  and e f fec ts  o f  tox ics  and the i r
relat ionships to the water qual i ty regulat ions, a change in this focus may be
warranted. This is an issue that bears future scrut iny because of potential
health benefits from reducing toxic pollutants.

3.7 SUMMARY

This  chapter  has rev iewed bas ic  benef i ts  concepts  and the approaches
used to measure them. An individual ’s wi l l ingness to pay is the central tenet
underlying all the methods discussed in this chapter. Even though all assess-
ments may not require the pract i t ioner to use measurement methods, wi l l ing-
ness to pay provides an organizing principle for even qual i tat ive assessments
of benefits.

Major points developed in the chapter include:

The assessment  should  be ta i lo red to  ba lance the complex i ty
and importance of the policy action to the available resources.

The change in consumer surplus should be used as the meas-
ure of wi l l ingness to pay for improvements in the well-being of
households.
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The t rave l  cost  method can prov ide wi l l ingness- to-pay-based
measures o f  water  qual i ty  changes under  many condi t ions.  I t
measures only user benefi ts and is sensit ive to the treatment
o f  t i m e  c o s t s  a n d  s u b s t i t u t e  s i t e s . The t rave l  cos t  method
estimates demand for site services.

The contingent valuation survey method also provides wil l ing-
ness- to-pay-based measures of  water  qual i ty  changes under
many condit ions. It can measure both user and intrinsic bene-
f i ts  and is  sens i t ive  to  quest ionnai re  des ign and admin is t ra-
t ion .

The part icipat ion survey method provides measures of changes
i n  l e v e l  o f  u s e - - v i s i t o r  d a y s - -f o r  a  r e c r e a t i o n  a c t i v i t y  a n d
often requires ad hoc valuation of use to develop benefits.

Cost savings can provide est imates of wi l l ingness-to-pay-based
measures (producer surplus) of changes in the economic wel l-
being of firms.
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CHAPTER 4

MEASURING THE COSTS OF WATER QUALITY PROGRAMS

4.1 INTRODUCTION

Why is  oppor tun i ty  cost  the bas is  for  measur ing costs? What  types o f
approaches are available to measure costs? What pract ical problems arise in
measuring costs? Are there any examples of cost measurement?

This  chapter  focuses on determin ing the incrementa l  costs  o f  a  water
quali ty program. It  def ines various cost categories, discusses their relat ion-
ships, and rev iews cost ing methods re levant  for  users  o f  th is  handbook.  I t
covers costs for both industry and publ icly owned treatment works (POTWs)
and presents several case studies to i l lustrate how the general pr inciples are
applied. A l though the examples are or iented toward potent ia l  water  qual i ty
standards decisions, they are general enough for use in other applications.

Throughout  th is  chapter ,  oppor tun i ty  costs - - t he  va lue  t o  soc ie t y  as  a
whole of a resource’s best al ternative use-- provide the measurement basis for
cost ing in a benefi t-cost assessment. Engineering and accounting cost est i-
mates may dif fer from opportunity costs because of cost-sharing mechanisms
such as taxes and subsidies. In these cases, the pract i t ioner faces the dif-
ficult task of determining the value of opportunity costs.

Th i s  chap te r  sugges t s  p rac t i ca l  app roaches  t o  cos t i ng  and  h i gh l i gh t s
some of the more dif f icul t  issues, which wi l l  get more detai led treatment in
Volume II. Specif ical ly, Section 4.2 presents the basics underlying the meas-
urement of costs, and Section 4.3 describes two general approaches, engineer-
ing and econometr ic,  to measuring costs. Section 4.4 defines types of cost
and major cost categories to be used in an assessment. Section 4.5 discusses
the pract ical aspects of determining costs-- including data sources, the use of
indexes, and major factors inf luencing cost est imates--and concludes with a
sample data form. Section 4.6 describes the engineering methods for estimat-
ing costs, and Section 4.7 provides examples using the engineering methods.
Section 4.8 offers some general cautions for measuring costs. Finally, Section
4.9 summarizes the chapter’s major points.

4.2 MEASURING COSTS: THE BASIC CONCEPTS

This sect ion reviews the fundamental economic principle of cost:  oppor-
tun i ty  cost , which measures the cost  o f  any resource in  terms of  i ts  next
best  a l te rnat ive  use.  That  is , the value of forgone alternative uses for any
resource provides the basis for estimating the cost of any specific use of that
resource.
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For  a  wa te r  qua l i t y  dec i s i on ,
c o s t s  ( e . g . ,

oppo r tun i t y  cos t s  i nc l ude  bo th  exp l i c i t
wages and salaries, or  payments  for  mater ia ls  and energy)  as

wel l  as  impl ic i t  costs  (what  se l f -owned and employed resources cou ld  have
earned in their best alternative uses). For example, the implicit cost of labor
is the highest wage the owner could receive for his labor services.

For f i rms and households, the opportunity costs are the private costs of
a  regu la to ry  ac t i on .
households or f i rms,

I f  t he  ac t i on  a l so  nega t i ve l y  a f f ec t s  o the rs ,  e i t he r

nal costs.
add i t iona l  costs  are  incur red- - in  techn ica l  terms,  ex ter -

In a benefi t-cost assessment, the oppor tun i ty  cost  to  soc ie ty  is
the relevant measure of cost, the sum of private and external costs.

The  economic  gu idepos t s  o f  supp l y  and  demand  func t i ons  desc r i bed  i n
Chapter 3 can be used to view the opportunity cost concept. These funct ions
are combined in Figure 4-1,
mand curve,

which i l lus t ra tes a  market  for  good X.  The de-
D,  shows the amount  demanders  are wi l l ing to  buy a t  each of

several pr ices, whi le  the supply  curve,
provide at various prices.

S, reveals the amounts suppl iers wi l l
Market forces will cause the price to settle at Po,

with the resulting quantity at Qo.

Figure 4-1. Measurement of opportunity/costs.

One way to view the cost of a regulatory act ion is to suggest i t  wi l l  im-
pose costs on firms,
t o  S’.

result ing in a shif t  of the industry supply curve from S
In this case, the regulat ion causes a shif t  in the curve by an amount

that recovers the costs of compliance-- shown
4-1.

by the hatched area in  F igure
These costs consti tute one element in the opportunity cost of the regu-

l a t i on - - t he  add i t i ona l  oppo r tun i t y  cos t s  (e .g . ,  ex t ra  ope ra t i on  and  ma in te -
nance) required to meet the regulatory standard. The second element of op-
por tun i ty  cost  is  shown by the shaded t r iang le- - the loss to  soc ie ty  because
the  p roduced  and  pu rchased  quan t i t y  o f  X  i s  r educed  f r om Q0 t o  Q1 when
supply  sh i f ts . In technical terms,
lost (dead weight loss).

some producer  and consumer  surp lus  is
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In pract ice, i t  is usual ly impossible to construct the supply curve for an
indus t r y . Instead, the pract i t ioner  can use the ava i lab le  cost  in format ion,
o f t en  f o r  an  “ i dea l ”  p l an t , and  assume  the  supp l y  cu rve  i s  ho r i zon ta l .  I n
most cases, the loss in accuracy caused by making this assumption is not a
severe l imitat ion because the est imated compliance costs, the largest compo-
nen t  o f  oppo r tun i t y  cos t , a re  l ess  a f f ec ted  t han  t he  dead  we igh t  l oss  t o
society.

Under most circumstances, market prices of goods and services provide a
good est imate o f  the i r  soc ia l  oppor tun i ty  costs . However, in some cases,
there can be signif icant di f ferences between market pr ice and social cost.  As
noted in  Chapter  2 , the most signif icant case relevant to water qual i ty pro-
grams is the dif ference between social and private rates of return on capital
due to  corporate  income taxat ion. I n  add i t i on , subs id ies and grants  may
cause the financial costs to participants to differ from social costs.

4.3 MEASURING COSTS: TWO GENERAL APPROACHES

Evaluat ing the costs  o f  regu la tory  act ions requ i res  the co l lec t ion and
analysis of relevant industry and municipal cost data. A thorough accounting
of costs for potential ly affected f i rms and cit ies is desirable. There are two
main approaches to estimate these costs: econometric cost estimation and engi-
neering cost estimation.

Econometric cost estimation, sometimes referred to as the stat ist ical ap-
p roach, uses cost-output relat ionships that are identi f iable through empir ical
tes t ing . Sometimes, stat ist ical cost est imation offers a way to determine the
costs of proposed alternat ives. I t  is possible that data can be gathered for
actual f i rms, most  o f  which have ident i f iab ly  d i f fe rent  product ion processes
and some of which already meet regulatory alternatives of the type under con-
siderat ion. Given suf f ic ient  data , product ion re la t ionsh ips representat ive  o f
complying and noncomplying f irms can be estimated. Then, i f  the  pr ices o f
labor and equipment are known, it is possible to establish cost-output relation-
ships known as cost funct ions. These cost  funct ions,  in  tu rn ,  can be used
to evaluate the cost of regulatory alternatives.

Unfortunately, empi r ica l  s tud ies o f  th is  type are rare ly  pract icab le  for
regulatory analyses. The major  d i f f i cu l ty  usual ly  is  that  suf f ic ient  techn ica l
data are not available. In part icular, publ ished data are usually scarce, and
potent ia l ly  usefu l  data, ava i lab le  on ly  f rom f i rms,  are typ ica l ly  cons idered
propr ie tary .

The second approach to cost estimation is the engineering cost approach.
This approach offers a viable alternative to statistical cost estimation because
it does not rely on the avai labi l i ty of a f i rm’s actual data. Rather, engineers
famil iar with relevant industr ial  processes use a wide variety of information to
estab l ish  re la t ionsh ips  between inputs ,  outputs ,  and costs . These relat ion-
ships are presented for hypothetical faci l i t ies both with and without proposed
regulatory controls. The pract i t ioner uses the faci l i ty data to determine the
costs  o f  the regu la tory  a l ternat ives. This general approach is the focus of
this chapter.
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4.4 TYPES OF COSTS

This sect ion defines the major categories that can be used in assessing
costs. The basic types of cost are capital  costs, operating and maintenance
costs, reinvestment, and salvage costs. The d iscuss ion is  or iented toward
the  i nc remen ta l  cos t s  o f  a  r egu la to r y  ac t i on  t ha t  a f f ec t s  wa te r  qua l i t y .  I n
many s i tuat ions, t h i s  o r i en ta t i on  w i l l  mean  upg rad ing  an  ex i s t i ng  f ac i l i t y
rather than constructing a new facility.

Incremental costs may include both addit ional end-of-pipe treatment units
and modi f ica t ion o f  ex is t ing product ion or  t reatment  un i ts . Most documents
relat ing to treatment costs are concerned with the former because the set of
unit  treatment processes is fair ly wel l  def ined, allowing cost estimation to be
more standardized. Changes in production processes (or manufacturing) are
more difficult to analyze and are not discussed.

Capital Costs

Capital  costs (K) represent ini t ial  costs associated with the construct ion
or  upgrad ing o f  a  fac i l i ty  to  meet  the t reatment  requ i rements  p lus  per iod ic
re i nves tmen ts  as  i nd i v i dua l  componen ts  wea r  ou t  and  mus t  be  rep laced .
Table 4-1 shows the kinds of costs that should be included in a capital  cost
estimate. They are d iv ided in to  three main categor ies :  component  ins ta l led
construct ion costs, noncomponent construct ion costs, and nonconst ruc t ion
costs. The f i rs t  ca tegory  inc ludes phys ica l  t reatment  un i ts  (e .g . ,  ac t iva ted
carbon, chemical ly assisted clar i f icat ion) and miscel laneous structures. The
second category  inc ludes const ruc t ion i tems not  necessar i ly  assoc ia ted wi th
ind iv idua l  s t ruc tures, such as s i te  preparat ion. The last category includes
all the miscellaneous costs in addition to construction costs, including contrac-
tor  fees and in terest  payments . Care must be taken to identi fy incremental
costs associated with the particular water quality decisions. For example, up-
grades of exist ing faci l i t ies may not require any addit ional or miscel laneous
st ruc tures .

I n  add i t i on  t o  i n i t i a l  cap i t a l  cos t s , replacement costs or reinvestment
costs are required over the l i fe of the project as individual pieces of equip-
ment reach the end of their useful l i fe. Although the l ine between replace-
m e n t  a n d  r e p a i r  c a n  b e  a  f u z z y  o n e , the def in i t ion is  qu i te  operat iona l .
Items that are depreciated over a number of years rather than expensed imme-
diately as costs are considered to be capital items and are treated as reinvest-
ment.

In most cases, no adjustment is required to use engineering cost est i-
mates as measures of social cost as long as they are based on market prices.
Th is  inc ludes the proper  a l locat ion o f  in terest  and cont rac tor ’s  fees.  Some
caution is required in deal ing with reinvestment because the avai lable meas-
ures are  based on what  tax  laws a l low and not  on the actua l  soc ia l  cost .
Volume II will cover this in more detail.
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Table 4-1. Components of Capital and Operation and Maintenance Costs

A . Capital Costs

(1) Component instal led construct ion costs
unit processes
miscellaneous structures

(2) Noncomponent construct ion costs
site preparation
piping
electrical
instrumentation

(3) Nonconstruct ion costs
land costs
engineering and construct ion supervision
contingencies
administrative and legal
miscel laneous nonconstruct ion labor (test ing, etc.)
design
fees
interest during construct ion

B. Operation and Maintenance Costs

(1) Variable operating costs
labor
materials
chemical
energy

(2 )  Byp roduc t ,  o the r  c red i t s

(3) Overhead i tems
insurance
taxes
administrative and other allocations

Operation and Maintenance Costs

Operat ion and maintenance (O&M) costs  represent  the annual  costs  o f
running and maintaining the faci l i ty after i ts construct ion (see Table 4-1) and
a re  d i v i ded  i n to  t h ree  g roups : var iab le  operat ing costs  ( labor ,  mater ia ls ,
e n e r g y ,  e t c . ) , byproduct  and other  cred i ts ,  and overhead i tems. Control
efforts result ing from in-plant process changes may also affect revenues or
production costs; these are included in the byproduct credits.
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To be consistent with the defini t ion of incremental costs, the overhead
i tems should  inc lude on ly  the addi t ions requi red by the pro ject ,  not  a  pro
rata al location based on overal l  costs. The t reatment  o f  taxes in  a  benef i t -
cost assessment raises some questions. Although taxes are not costs from the
poin t  o f  v iew of  the nat ion as a  whole , tax  rece ip ts  that  leave a  par t icu lar
State may be regarded by that State as a real cost in its benefit-cost assess-
ment. Sta te  and loca l  taxes should  not  be counted as soc ia l  costs  in  any
case; they are simply transfers.

Annual O&M costs may vary over the l i fe of the faci l i ty. For example,
growth in population or water use will increase the flow to a POTW over time,
causing O&M costs to increase. I f  t he  g row th  ra te  i s  h i gh ,  us i ng  t he  f i r s t
year’s O&M costs may signif icantly underestimate average annual O&M costs
over the life of the project.

Reinvestment Costs

Reinvestment  costs  (RC) represent  per iod ic  rep lacements  o f  ind iv idua l
units whose lifetime is shorter than that of the overall project. Depending on
data ava i lab i l i ty , i t  may  be  more  conven ien t  t o  r ep resen t  t h i s  p rocess  as
e i ther  the rep lacement  o f  par t icu lar  un i ts  a t  d iscre te  in terva ls  or  as  a  con-
stant fract ion of ini t ial  investment costs each year. Table 4-2 shows the for-
mula for each. I f  t he  f i r s t  app roach  i s  used , capital costs may be broken
down into groups with dif ferent average ages and the formula appl ied sepa-
rately to each group using the lifetime applicable to that group.

Salvage Value

Salvage value (SV) is the market value of the faci l i ty at the end of the
planning period. A wide range of values is possible depending both on what
that  a l te rnat ive  use is  and on what  assumpt ion is  made about  re investment
(see the previous subsection). One extreme case is that the faci l i ty is ex-
pected to  cont inue operat ing beyond the end of  the p lanning per iod in  the
same fashion as before. In that case, the salvage value depends on the ini-
t ial  investment cost and the remaining useful l i fe after the planning period.
If the reinvestment process is best characterized as a series of periodic rein-
vestments, the va lue o f  the fac i l i ty  is  propor t iona l  to  the ra t io  o f  i ts  usefu l
life at the end of the planning period and its total useful life.

If the reinvestment process is better represented as an average reinvest-
ment  o f  amount  dK each year  (see Table  4-2) , the expected l i fet ime of the
faci l i ty has no end as long as the annual reinvestments are made. Therefore,
the salvage value at the end of the planning period is st i l l  K i f  the faci l i ty is
expected to continue in the same use as before.

I f  the fac i l i ty  is  not  expected to  cont inue in  i ts  present  use a f ter  the
planning period, i ts scrap value must be determined. Any permanent f ixtures
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Table 4-2. Variables and Definitions for Measuring Costs

Variable Symbol Source

1.

2.

3.

4.

5.

6.

7.

8.

9.

Planning period

Real social discount rate

Investment costs

O&M costs

Investment lifetime

Physical depreciation rate

Number of replacements in
planning period

Growth rate of O&M costs

Reinvestment costs

10. Fraction. of salvageable value

11. S a l v a g e  v a l u e

12. Present value of stream of
payments for N years at
discount rate s

13. Present value of rein-
vestment costsa

14. Present value of salvage

15. Present value of O&M costs

16. Present value of all
capital costs

17. Present value of all
project costs

18. Total annual cost of project

N

s

K

OM

L

d

M

Parameters

Parameters

Project costs

Project costs

Project costs

Project costs

Greatest integer N/L

g

RC

Parameter

K every L years;  or
dK every year

q

SV

PV(N,s)

Project costs

q K

(1-(1+s)
-N

) / s

PVRC
M

R C  1 (l+s)-jL;  or
j=1

PVSV

PVOM

PVK

RC*PV(N,s)

SV(l+s)-N

OM*PV(N,s)

K + PVRC - PVSV

TPV PVK + PVOM

TAC TPV/PV(N ,s )

aFirst de f i n i t i on  i n  t he  r i gh t -hand  co lumn  rep resen ts  pe r i od i c  r e i nves t -
ments, where RC = K; the second defini t ion represents annual reinvest-
ments, where RC = dK.
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such as concrete  tanks or  s t ruc tures are  l ike ly  to  have no sa lvage va lue.*
Machinery  and equipment  i tems may have 25 to  50 percent  o f  the i r  or ig ina l
value. Cash or natural resources on hand can be valued at 100 percent of
cur rent  va lue, and other current assets may be valued at 70 to 100 percent
of their current value, depending on their salability.

S u m m a r y  C o s t  M e a s u r e s

Discounting al lows the four types of costs to be combined to obtain. a
single overal l  cost est imate for a project. Based on the discussion given in
Chapter 2, the use of the discount rate is summarized below. Specif ical ly,
discount rates are used to construct two kinds of summary measures: pres-
e n t  v a l u e  ( P V ) , where O&M costs  are  cap i ta l ized,  and to ta l  annual  costs
( T A C ) , where cap i ta l  costs  are  annual ized. Tab le  4 -2  shows  t hese  two .
methods along with the variables used to develop measures of social cost.  In
addit ion, Table 4-2 summarizes the formulas for the components of the total
present value of the costs of a project.

The present  va lue o f  a l l  cap i ta l  and O&M costs  (TPV) is  obta ined by
adding the present  va lues of  the cost  components  (sa lvage va lue is  sub-
t rac ted) :

TPV = K + PVRC - PVSV + PVOM . (4 .1 )

The total annual cost (TAC) of the project is a constant amount whose
present discounted sum over the project period is equal to the present value
of  pro jec t  cos ts  TPV. By  t he  de f i n i t i on  o f  t he  p resen t  va lue  f ac to r  (PV)
given in Table 4-2,

TAC = T P V / P V ( N , s )  . ( 4 .2 )

4.5 PRACTICAL ISSUES IN MEASURING COSTS

Th i s  sec t i on  d i scusses  t he  p rac t i ca l a s p e c t s  o f  m e a s u r i n g  c o s t s .  I t
covers sources of data, the use of cost indexes, and major factors affect ing
cost estimates. A sample data form, one method of  organiz ing the cost ing
process, concludes the section.

Sources of Cost Data

There are three commonly used sources of cost data: vendor  in forma-
t ion, est imating manuals, and indust ry  in format ion. In the past, many prac-

*Firms can write off such assets as tax losses. However, these wri teoffs
are not appropriate for measuring social costs because society st i l l  bears the
ful l  cost of the resources. The distr ibut ion of who in society bears the cost
is  d i f fe rent . Taxpayers  and the f i rm bear  the costs  when they are wr i t ten
off,  and the f i rm and consumers of i ts product bear the cost when they are
not written off.
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t i t ioners have been successful in obtaining cost est imates for both instal led
capital costs and annual operating costs from equipment vendors. These est i-
mates are genera l ly  so l ic i ted in  wr i t ing a long wi th  operat ing features o f  the
model plants for which cost estimates are needed.

Estimating manuals have also been useful in developing cost est imates.
Two popular manuals are publ ished by Richardson Engineering Services, Inc.
[1977] and R. S. Means Company, Inc. [1981]. Richardson’s manual is useful
i n  p repa r i ng  cos t  es t ima tes  f o r  p rocess  i ndus t r i es ,  and  Means ’  manua l  i s
gea red  t o  t he  cons t ruc t i on  i ndus t r y . Both  manuals  are  wr i t ten to  prov ide
costs  for  ind iv idua l  components  ra ther  than to ta l  sys tems and thus requ i re
some ski l l  and care in their use. Estimates can also be obtained by the use
of  cos t  fac tors . In this procedure, major equipment costs are mult ipl ied by
appropriate factors to estimate other cost elements. The fac tors  are  der ived
from experience with previous plant construct ion costs. Some procedures use
a single factor to est imate total capital  investment, but greater accuracy can
be achieved from a method such as Guthrie’s [1974], which separates labor
and material costs and applies individual factors to each major process item.

Information supplied by the control led industry may be useful in estimat-
ing costs. I f  plants can be identi f ied that are already control led to the level
under investigat ion, both total instal led costs and annual operat ing costs can
be obtained from this source. Obtaining estimates of each cost element from
more than one source is a way to validate estimates.

The Use of Cost Indexes

Treatment cost indexes al low cost est imates from dif ferent years to be
converted to dol lars of a single year to yield a val id comparison. Costs of
various components included in both capital and O&M costs change over time
due both to  overa l l  changes in  the pr ice leve l  ( in f la t ion)  and to  changes in
re la t ive  pr ices. The prob lem of  forecast ing genera l  pr ice in f la t ion can be
avo ided  by  exp ress ing  a l l  cos t s  i n  cons tan t  do l l a r s  o f  a  g i ven  yea r ,  bu t
changes in relat ive prices. st i l l  need to be predicted. Unless there are com-
pel l ing reasons to do otherwise, it is simplest and reasonably safe to assume
cons tan t  r ea l  cos t s  i n  f u tu re  yea rs . Of  course,  th is  assumpt ion must  be
appl ied to al l  components of the benefi t-cost assessment to ensure consist-
ency.

Cost indexes are usually represented as a number showing the rat io of
the cost of a unit  in dol lars of a given year to the cost of the same unit  in
dol lars of the base year mult ipl ied by 100. In adjust ing these costs to con-
s tan t  do l l a r s  i n  a  g i ven  yea r , t he  p rac t i t i one r  mus t  t ake  accoun t  o f  t he
change in the index and the overal l  change in the price level. For example,
i f  t he  cos t  o f  a  t r ea tmen t  p l an t  i s  g i ven  f o r  1975  i n  cu r ren t  ( i . e . ,  1975 )
dollars and must be converted to 1977 costs in 1977 dollars, the U.S. Environ-
mental Protect ion Agency’s (EPA) Sewage Treatment Plant Construct ion Cost
(STPCC) Index [Michel] can be used as follows:
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Cost (77) = Cost (75) x

= Cost (75) x

= Cost (75) x 1.11 .

I f  the costs for a given year are to be expressed in the constant dol lars of
another  year , t hen  t he  g ross na t i ona l  p roduc t  (GNP)  de f l a to r  o r  ano the r
general price index must be used. For example, costs shown above for 1977
may need to be converted to 1976 current dol lars. Using the convention that
PGNP (N) is the GNP deflator* in  year  N and that  the notat ion cost  (m,  n)
refers to costs corresponding to year m expressed in constant dol lars of year
n gives:

Cost (77, 76) = Cost (77, 77) x

= Cost (77, 77) x

= Cost (77, 77) x 0.945 .

Cost indexes are available for both capital and O&M costs. One index to
u s e  f o r  O & M  c o s t s  i s  t h e  U . S . Env i ronmenta l  Protect ion Agency ’s  (EPA)
Municipal Wastewater Treatment Plant Operation and Maintenance Cost Index
[Michel] . This index is a weighted average of cost indexes for labor, chemi-
cals, power, maintenance, o t h e r  c o s t s ,  a n d  a  “ q u a l i t y  a d d e d ”  f a c t o r .  A l -
though developed primari ly for secondary treatment plants, the mix of inputs
for O&M costs of advanced treatment plants should not differ much.

Seve ra l  cons t ruc t i on  cos t  i ndexes  a re  ava i l ab le  f o r  ad jus t i ng  cap i t a l
costs. These  i nc lude  EPA ’s  STPCC index  used  ea r l i e r ,  t he  Eng inee r i ng
New-Record Cost  Index (ENR),? and the Chemica l  Engineer ing Plant  Con-
s t ruct ion Cost  Index (CE).? The nature o f  the t reatment  system being exa-
mined determines which of these indexes is most suitable to use. Both the
STPCC and ENR indexes are more or iented to  secondary t reatment  p lants ,
where large concrete tanks play an important role, but they are also appro-

*The GNP deflator is published by the U.S. Bureau of Economic Analysis.
The wholesale price index (WPI), another useful index, appears in the U.S.
Bureau of Labor Statistics, Producer Prices and Price Indexes.

TAppears  weekly in the Engineering News-Record, published by McGraw
Hil l .

YAppears in Chemical Engineering, published by McGraw Hill.
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p r i a te  f o r  some  advanced  t r ea tmen t  (AT )  p rocesses  ( such  as  chem ica l l y
assisted clar i f icat ion), w h i c h  r e l y  o n  l a r g e  t a n k s . The  CE i ndex  i s  more
suitable for processes where equipment plays a large role in costs, such as
use o f  ac t iva ted carbon. However, i t  i s  d i f f i c u l t  t o  m a k e  h a r d  a n d  f a s t
rules. The cumulative percent increases of the STPCC and ENR indexes are
close, while that of the CE index is somewhat lower.

To arr ive at a cost f igure more accurate than one. that results from the
use of the national average indexes alone,
an estimated cost or cost index.

local i ty factors can be appl ied to
The use of locality factors, which have been

calculated from generally available statistics, permits the localizing of national
average cost data on various cost i tems. Local i ty factors are avai lable from
t h e  U . S . Environmental Protect ion Agency’s (EPA) Sewage Treatment Plant
and Sewer Construction Cost Index [Michel].

Major Factors Affecting Cost Estimates

The cost of a treatment process is inf luenced by a mult i tude of factors.
Among the important ones are wastewater f low rate, pol lutant loadings, plant
location, and  pe r f o rmance  ( i . e . ,
concentrat ions).

amount  o f  po l lu tant  removed and ef f luent
Most treatment technologies show economies of scale; i .e.,

costs increase at a slower rate than f low size. Thus, the cost per gal lon of
wastewater treated in a large plant is less than that treated in a smaller plant
that meets the same treatment performance cr i ter ia.
fac tor*

In general,
var ies  wi th  s ize o f  f low and technology.

the scal ing
For  pre l iminary p lanning

purposes, the fol lowing values are useful for extrapolat ing the treatment cost
of a given treatment plant size to others:

Cost Item Scaling Factor

Capital

O&M

Labor

Uti l i t ies and
chemicals

0.6 to 0.9

0.7 to 0.9

0.5 to 0.7

1.0

The upper end of the range for the scal ing factors ( implying less economy of
scale than the lower end) is associated with the more advanced treatment tech-
nologies, such as carbon adsorption and electrolysis, to which this handbook
is  or iented. Economies o f  sca le  a lso appear  in  the re la t ionsh ip  o f  cost  to
waste loading but are less prevalent than in the cost-to-flow-size relationship.

*As used here, scaling factor refers to x in the following equation:

where C1 is a cost for a treatment plant with flow Q1 and C2 is the estimated
cost for a plant with flow Q2.
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Because wastewater f lows and loadings tend to show greater variabi l i ty
in a POTW than they do in an industrial plant, equalization is commonly used
to smooth out f luctuat ions. Even so, the POTW customari ly is designed with
some excess capacity to accommodate variations in flow and waste loading.

In some cases, more in tens ive t reatment  e f for t  in  the t reatment  p lant - -
such as addit ional chemicals or energy input-- can result  in enhanced perform-
ance or accommodation of a greater volume of wastewater without sacri f ic ing
design performance. However ,  the incrementa l  cost  usual ly  is  h igh.  There-
fore , i t  i s  less cost ly  in  the long run to  upgrade or  expand the t reatment
fac i l i ty  i f  ac tua l  f low,  load ing, or performance is expected to change appre-
ciably from initial design conditions.

I t  is  genera l ly  more cost ly  to  upgrade an ex is t ing p lant  by re t ro f i t t ing
than i t  i s  to  use the same t reatment  t ra in  in  a  new p lant .  The t reatment  in
place at a plant may limit the choice of higher treatment technologies that can
be se lected to  upgrade the p lant . Upgrading usual ly  requi res engineer ing
e f f o r t ,  r ew i r i ng , and addit ional piping at the exist ing faci l i ty. The addit ional
cost  a t t r ibu ted to  re t ro f i t t ing  a  p lant  is  sens i t ive  to  the spec i f ic  features  o f
t he  p l an t  and  t he  s i t e , so these factors should be considered in developing
re t ro f i t  cos t  fac tors . Based on l imited observat ions, costs of retrof i t t ing an
exist ing plant can range from 1 to 15 percent higher than the cost of incor-
porat ing the same t reatment  t ra in  in  the in i t ia l  des ign o f  a  new p lant  [U.S.
EPA, 1976]. The added cost of retrof i t  in percentage terms is inversely pro-
portional to the capacity of the treatment facility.

Sample Data Form

A “model  p lant  form” can be used to compile parametr ic and cost est i-
mates in an orderly fashion. The form can be continually revised to meet the
needs o f  the spec i f ic  data  requ i rements  o f  an assessment . A model  p lant
quest ionnai re  o f  th is  type is  appl icab le  on ly  for  regula tory  a l ternat ives that
invo lve engineer ing cont ro ls . F igu re  4 -2  p resen ts  a  ve rs i on  o f  t he  mod ’
plant questionnaire.

4.6 COST ESTIMATING TECHNIQUES

This  sect ion on cost  es t imat ing techn iques def ines the components  o f
treatment systems and describes several variat ions on the basic cost ing tech-
niques. F ina l ly ,  the quest ion of  how to  proceed when no d i rect ly  re levant
cost sources are avai lable is discussed. The techniques described here are
appropriate for costing both POTWs and industrial dischargers.

Components of Treatment Systems

To analyze the costs  o f  a  par t icu lar  proposed t reatment  system,  i t  i s
useful to break i t  down into i ts components. Although each treatment system
has its unique aspects, the individual components are more standardized and
hence more easi ly costed using standard references, where costs are defined
in terms of a few major parameters. The detail of the breakdown depends on
the accuracy of the estimate required. It  is useful to understand the relat ion-.
ships of the following three levels of treatment units:
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Figure 4-2. Sample model plant data form.
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Figure 4-2. (con.)
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Unit process: A un i t  process cor responds to  a  s ing le  t reat -
ment  operat ion. Examples o f  un i t  processes are secondary
clari f icat ion, f i l t rat ion, and cyanide destruct ion.

Treatment process: A treatment process is a sequence of one
or more unit  processes l inked together to support a part icular
pol lutant-removal process. For example, the act ivated sludge
process invo lves the decomposi t ion o f  organic  po l lu tants  by
microorganisms. This operation requires a number of unit proc-
esses inc lud ing aerat ion,  sed imentat ion,  and s ludge react iva-
t ion .

Treatment train: A treatment train is a sequence of treatment
processes. For example, an advanced treatment train may con-
sist of the fol lowing treatment processes: prel iminary screen-
ing, primary sett l ing treatment, secondary biological treatment,
and nutrient removal by chemical addition.

As discussed below, cost estimates for benefit-cost assessments of water qual-
i ty programs should be broken down at least to the treatment process level
and, in some cases, to the unit process level.

Estimating Treatment Costs

C o s t  e s t i m a t i o n  r e q u i r e s  a  s p e c i f i c a t i o n  o f  t h e  t r e a t m e n t  t r a i n  t o  b e
used. A waste treatment train can be described by a f low diagram showing
the relat ion and funct ion of the various treatment and unit  processes. One
way to  proceed is  to  (1)  spec i fy  the impor tant  des ign parameters  (such as
f low,  in f luent  and e f f luent  concent ra t ions, and contact t ime) of each unit  in
the treatment process, (2) calculate the resource requirements (for example,
for  s i te  preparat ion and const ruct ion and for  purchased equipment ,  energy,
and labor) of each unit ,  (3) est imate the indirect costs, and (4) sum to ob-
tain a total  cost. This calculation is carried out separately for a total capital
and a total O&M cost before they are combined into a present value or annual-
ized cost.

Be fo re  i l l u s t r a t i ng  how  d i f f e ren t  sou rces  o f  cos t  i n f o rma t i on  can  be
appl ied in part icular si tuat ions, i t  is useful to dist inguish among four dif fer-
ent approaches that are employed to make cost estimates:

A total system estimate

A planning level estimate

An engineering estimate

A contractor estimate.

The cost estimates produced by these techniques range from gross to refined,
depending on the different stages of a project, which range from project con-
ceptua l iza t ion to  request  for  cont rac tor  b ids . The four  cost ing techn iques
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prov ide a  convenient  f rame of  re ference for  d iscuss ion purposes but  do not
imp l y  t ha t  r i g i d  d i s t i nc t i ons  can  a lways  be  made  i n
versus another in a specific situation.

us ing  one  t echn ique

The  use  o f  s i t e - spec i f i c i n fo rma t i on  shou ld  resu l t  i n  mo re  accu ra te
results than use of general ized information. While i t  is,  of course, desirable
to develop accurate estimates, the practitioner is always confronted with decid-
ing how much accuracy is needed for a part icular phase of project planning
and what level of effort  to commit to the development of the est imates. For
the purposes of water qual i ty standards planning, the planning level est imate
is general ly the most appropriate one to use,
level.

and the examples focus on that

Total System Estimate. In  cont ras t  to  the o ther  three cost ing
techniques, the total system approach does not attempt to par-
t i t i o n  a  t r e a t m e n t  t r a i n  i n t o  t r e a t m e n t  o r  u n i t  p r o c e s s e s .
U s u a l l y  o n l y one parameter o f  t h e  t r e a t m e n t  s y s t e m - - f o r
example, plant capacity expressed as daily flow--is used with a
se t  o f  cos t  cu r ves  t o  ob ta i n  t o ta l  cap i t a l  and  annua l  O&M
costs. The accuracy is ±40 percent.

Planning Level Estimate. Th i s  app roach i s  b a s e d  o n  p r i o r
analyses of treatment system components or unit  processes in
which costs of the units have been related to important design
parameters. The purpose is  to  a l low recombinat ion.  or  syn-
thesis of total costs result ing from any combination of the unit
processes using spec i f ied  va lues o f  the des ign parameters .
This level of estimate is appropriate for most water quality pro-
gram p lanning purposes. App l i ca t i on  o f  t h i s  t echn ique  re -
qu i res  that  the pract i t ioner  ident i fy  the major  components  in
the wastewater  t reatment  t ra in ,  the assoc ia ted des ign param-
eter values, and the access to general ized cost funct ions for
the components. The  accu racy  o f  t h i s  cos t i ng  t echn ique  i s
within ±30 percent. The pract i t ioner  may be ab le  to  improve
the accuracy of the est imate i f  judgments can be made about
how site-specif ic characterist ics di f fer from average condit ions
embodied in the generalized cost functions.

Engineering Estimate. L i ke  t he  p l ann ing  l eve l  es t ima te ,  t he
engineering est imate is calculated using unit  process data but
goes in to  more deta i l  on the un i t  processes in  the system to
adjust specific costs. This technique should yield a cost est i-
mate within ±15 percent.

Contractor Estimate. T h e  c o n t r a c t o r  e s t i m a t e  i s  b a s e d  o n
spec i f ic  eng ineer ing des igns- -or  des ign approaches coupled
wi th  spec i f ied  per formance requ i remen ts - - f o r  t he  t r ea tmen t
system and i ts unit  processes. The prec is ion o f  the cont rac-
tor’s estimate should be within ±5 percent.
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4.7 EXAMPLES USING COST TECHNIQUES

Detailed engineering cost estimates are unlikely to be available for analy-
ses of the type described in this handbook. Therefore, this sect ion explores
a range of techniques, from fair ly sophist icated costing models (CAPDET) to
process handbooks and EPA deve lopment  documents ,  and presents  spec i f ic
examples to show how they are applied. Their applicabi l i ty depends on both
the amount of information and the time and resources available to the analyst.
Sta tes may have the i r  own techniques that  are equal ly  appl icab le . Even i f
specif ic information is not avai lable, there are  bas ic  s imi lar i t ies  in  the ap-
proaches to  water  t reatment  prob lems taken by d i f ferent  indust r ies .  There-
fore ,  the exper ience o f  o ther  indust r ies  wi th  s imi lar  processes or  po l lu tants
may provide a reasonable guide for estimating costs.

A l ib rary  o f  cost  in format ion* is  ava i lab le  to  the pract i t ioner ,  inc lud ing
documents and computer programs. The purpose of the following examples is
to i l lustrate the use of various information sources to est imate costs, part icu-
larly planning level estimates.

Example 1: Pulp Mill Using EPA Development Document

This example illustrates the use of an EPA Development Document [U.S.
EPA, 1980b] for a specif ic industry and the planning level costing approach.
Assume that more str ingent eff luent standards wi l l  be imposed on a 900-ton-
per-day kra f t  pu lp  mi l l  to  meet  water  qua l i ty  s tandards.  Based on a waste-
load allocation, the eff luent concentrat ions required to meet the water qual i ty
standards are 15 mg/L for both biochemical oxygen demand (BOD) and total
suspended sol ids (TSS). The costs are to be est imated for October 1981 .t
The pract i t ioner  determines that  the mi l l  be longs to  the “Market  B leached
Kraf t ”  subcategory  (descr ibed as one of  the indust ry  subcategor ies  in  the
Development D o c u m e n t )  a n d  t h a t  c o n c e n t r a t i o n s  o f  B O D  a n d  T S S  i n  t h e
p lant ’s  e f f luent  s t ream cur ren t l y  a re  20  mg /L  and  30  mg /L ,  r espec t i ve l y ,
which meet Best Pract icable Technology (BPT) standards.+  The Development
Document  ident i f ies  three t reatment  opt ions that  might  poss ib ly  be used to
meet  the new BOD and TSS targets ,  but  on ly  Opt ion 3 ,  which cons is ts  o f
addit ional in-plant process controls together with chemical ly assisted clar i f ica-
t ion of the f inal eff luent, can achieve the BOD and TSS targets of the water
quali ty standards.

*Important sources include: (1) EPA Development Documents for effluent
l imitat ions guidel ines and standards ( issued by the Eff luent Guidel ines Divi-
sion of EPA to provide the technical background for the development of waste
t reatment  ru les  for  par t icu lar  indust r ies) ; (2) Areawide Assessment Proced-
ures Manual  [U.S. EPA,  1976] ;  (3)  Innovat ive  and A l ternat ive  Assessment
M a n u a l  E P A ,  1 9 8 0 a ] .

?The examples in  th is  gu idance use h is tor ica l  va lues o f  t reatment  cost
indexes. Fo r  p l ann ing  pu rposes  i t  may  be  necessa ry  t o  es t ima te  f u tu re
values.

+BAT standards for  the pu lp ,  paper  and paperboard indust ry  have not
yet been promulgated.
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The next step is to est imate the cost for Option 3. Table 4-3 shows the
costs of meeting Option 3 for three model mil ls with sizes of 350, 600, and
1 ,600  tons  pe r  day . Note that  energy costs  are presented separate ly ,  so
they must be combined with O&M costs to obtain the defini t ion of O&M costs
used here. Two costs  are  shown for  each category  o f  cost  based on a lum
concentrat ion. As a  f i rs t  approx imat ion,
concentrat ions is used.

an average cost  fo r  the two a lum
Next, because none of the three model mil l  sizes is

Table 4-3. Example 1: Cost Summary--
Market Bleached Kraft,  Subcategory

Mill size
( tons /day )

Incremental
compliance costs

f r o m  B P T :  O p t i o n  3afb

Annual O&M cost 350

Annual energy cost 350

Capital cost 350

600

1,600

600

1,600

600

1,600

6,662
7,010

8,974
9,446

16,590
17,410

947
1,327

1,327
1,953

2,974
4,550

212
217

351
358

897
917

SOURCE: U.S. EPA [1980b], p. 468, Table IX-7.

aFirst quarter 1978 thousands of dollars.
b Dollar value shown above the line is based on chemical assisted clarifica-
tion dosage of alum at 150 mg/L; the value below the line is for dosage at
300 mg/L.
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for  a  900- ton-per-day p lant , a linear interpolation based on mill size is made
between the values for the 600- and 1,600-ton-per-day plants.* This yields a
capital  cost for Option 3 of $11.5 mil l ion. Annual O&M cost is $2.3 mil l ion,
and energy cost  is  $0.5  mi l l ion; these are added for  a  to ta l  O&M cost  o f
$2.8 million.

The fol lowing steps show the results for various measures of social  cost
der ived f rom the bas ic  costs ,  wh i ch  a re  used  as  pa r t  o f  t he  bene f i t - cos t
assessment. The following parameter values are used:

ENR index (1st Qtr 1978) = 2,683

ENR index (Oct 1981) = 3,679

EPA O&M index (1st Qtr 1978) = 2.30

EPA O&M index (Oct 1981) = 3.34

s = real social discount rate = 0.10 or 0.05”f

L = average equipment lifetime = 15

d = depreciation rate = 1/L = 1/15

N = planning period = 30 years

The indexes are
The resu l ts  are
noted):

1. Capital

histor ical values, the other parameters are assumed values.
(al l  quanti t ies in thousands of 1981 dol lars unless otherwise

treatment costs:

K = 11,500 (1st Qtr 1978 $)

K = 15,800 (Oct 1981 $)

2. O&M treatment costs:

OM = 2,800 (1st Qtr 1978 $)

*Another  method for  es t imat ing the va lue for  the 900- ton-per-day p lant
size is to f i t  a cost curve to the three data points to determine i f  there are
economies of scale of treatment costs instead of assuming a linear relationship
between mill size and cost for the two larger model mills.

tThese  are  jus t  sample  va lues chosen to  show the e f fec ts  o f  d i f fe rent
values on the results. See Chapter 2 for discussion of which discount rate to
use.
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3.

OM = 4,100 (Oct 1981 $)

Present value factor (equals present value of payment of one dol lar
per year for N years at discount rate s):

PV(30, 0.10) = 9.43

PV(30, 0.05) = 15.37

4. Present value of O&M costs:

PVOM = OM l PV(30, 0.10) = 4,100 l 9.43 = 38,700

= OM l PV(30, 0.05) = 4,100 l 15.37 = 63,000

5. Reinvestment cost (assume the entire facility is replaced in 15 years
at the same original real cost):*

RC = K = 15,800

6. The present value of the reinvestment cost is found by discounting
at rate s over 15 years:

PVRC = RC l (l+s)-L  = 15,800 . (1.1)‘15  = 3.800 (s = 0.10) or

7.

8.

9.

= 15,800 l (l.O5)-15  = 7,600 (s = 0.05)

Salvage value (assume zero salvage value):

sv = 0

Present value of salvage (salvage occurs at end of planning period,
N ) :

PVSV = sv (l+s>-N
= 0

Present value of salvage (salvage occurs at end of planning period,
N ) :

OM = 2,800 x

*Not al l  structures would need to be replaced. Fifteen years is assumed
to represent the average lifetime of the facility.
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10.

11.

12.

13.

PVSV = SV (1 + syN

= 0

Total present value of investment cost:

PVK = K +PVRC - PVSV

= 15,800 + 3,800 - 0 = 19,600 (s = 0.10)

= 15,800 + 7,600 - 0 = 23,400 (s = 0.05)

Total present value of project cost:

TPV = PVK + PVOM

= 19,600 + 38,700 = 58,300 (s = 0.10)

= 23,400 + 63,300 = 86,400 (s = 0.05)

Annualized capital costs:

KANN = PVK/PV = 19,600/9.43 = 2,080 (s = 0.10)

= 23,400/15.37 = 1,520 (s = 0.05)

Total annualized costs:

TAC = KANN + OM = 2,080 + 4,100 = 6,180 (s = 0.10)

= 1,520 + 4,100 = 5,620 (s = 0.05)

The to ta l  present  va lue o f  pro jec t  costs  ca lcu la ted in  I tem 11 above is  the
amount that would be included in the benefit-cost assessment. A l ternat ive ly ,
the to ta l  annual ized cost  ( I tem 13 above)  would  be used i f  the res t  o f  the
assessment were also expressed in terms of annualized costs.

Example 2: POTW Using CAPDET

Over the past decade a number of computer-based treatment cost est i-
mating models have been developed; CAPDET is one of the more widely used
models [U.S. EPA, 1981].* CAPDET is not a mathematical optimization model;
the CAPDET approach is to prepare cost est imates for al ternative treatment
t ra ins  spec i f ied by the user . With reference to the four cost ing techniques
discussed earlier, the CAPDET method is probably best described as an inter-
mediate method between the planning level approach and the engineering esti-

*To obtain access to CAPDET programs and documentat ion, contact the
Systems Analysis Group of EPA regional offices or the Facilities and Require-
ments Division, Office of Water Program Operations, EPA in Washington, D.C.

4-21



mate approach. CAPDET contains cost and performance equations for 35 unit
processes such as act ivated sludge, carbon absorpt ion, lagoons, incinerat ion,
etc. For some unit  processes, a l ternat ive des ign approaches are inc luded;
for example, the act ivated sludge process is described by 13 dif ferent meth-
ods of aerat ion. Two separate cost est imating methods are incorporated in
CAPDET. First,  parametr ic cost est imating is based on stat ist ical analysis of
the cost  o f  fac i l i t ies  o f  s imi la r  s ize  and character is t ics  a t  o ther  locat ions.
Second, un i t  cos t  es t imat ing is  based on ident i f i ca t ion o f  cost  e lements  to
wh i ch  i npu t  p r i ces  a re  app l i ed - -e .g . , cub ic  yards o f  concrete  in  a  c lar i f ie r
are  quant i f ied and an input  cost  va lue for  re in forced concrete  is  app l ied to
obtain a construction cost.

After recent revisions, CAPDET can be used to estimate costs of upgrad-
ing an ex is t ing POTW even though the program was developed or ig ina l ly  to
estimate new plant costs. Its capabilities have also been expanded to provide
estimates of financial impacts on households from the construction of a POTW
fac i l i ty .

In this example, an existing municipal POTW has an average daily flow of
5 Mgal/d, a maximum flow of 10 Mgal/d, and effluent concentrations of 15 and
20 mg/L for  BOD and TSS,  respect ive ly . Current secondary treatment uses
p lug  f l ow  f o r  t he  ac t i va ted  s l udge  e f f l uen t , and the pract i t ioner  needs to
determine the cost of upgrading the treatment by chemical addit ion and f i l t ra-
t ion to  meet  the water  qua l i ty  s tandard that  requ i res  reduct ions o f  BOD to
10 mg/L and TSS to 1 mg/L or less.

To use the CAPDET computer program, the unit  processes in the current
plug flow system and the upgraded treatment are specified as shown in Table
4-4. The CAPDET program can accept any number of wastewater treatment
trains that are suitably described by the user.

Table 4-4.  Example 2:  Current  and Upgraded
Treatment Trains for CAPDET

Current treatment sequence Upgraded treatment sequence

Raw sewage
Prel iminary treatment
Primary clari f ier
Plug flow
Secondary clari f ier
Chlorination
Grav i ty  th ickener
Anaerobic digestion
Vacuum filtration
Hauling and land fill

Raw sewage
Prel iminary treatment
Pr imary c lar i f ie r
Plug flow
Secondary clari f ier
Coagulation
Fil trat ion
Chlorination
Grav i ty  th ickener
Anaerobic digestion
Vacuum f i l t rat ion
Hauling and land f i l l
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Table 4-5. Example 2: Price and Cost Inputs to CAPDET

Cost analysis input parameters

Interest rate: 10.000 percent

Planning period: 30 years

Year of dol lars used: 1980

Cost Indexes Unit pr ices

Buildings

Excavation

Wall concrete

Slab concrete

Marshall and Swift Index

Crane rental

E P A  C o n s t r u c t i o n  C o s t  I n d e x

Canopy roof

Labor rate

Operator class II

Electr ici ty

Chemical costs

Lime
Alum
Iron salts
Polymer

Engineering News Record Cost Index

Handrail

Pipe Cost Index

Pipe installation labor rate

8- in .  p ipe

8-in. pipe bend

8-in. pipe tee

8-in. pipe valve

55.00 $/fG

7.00 $/vd3

207.00 $/yd3

91.00 $/yd3

577.00

67.00 $ /h

163.00

15.75 $/f@

13.40 $ /h

9.00 $ /h

0.04 $/kWh

0.03 $/ lb
0.04 $/ lb
0.06 $/ lb
1.62 $/ lb

2,886.00

25.20 $/f t

295.20

14.70 $/h

9.08 $ / f t

86.82 $/unit

128.49 $/unit

1,346.16 $/unit
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Table  4-5  shows un i t  costs  and pr ices in  1980 do l la rs  that  the pract i -
t ioner provides to CAPDET, as well  as the planning period and interest rate
to  be  used  i n  compu t i ng  p ro j ec t  cos t s . I n  ca l cu la t i ng  t he  cap i t a l  cos t s ,
CAPDET recognizes that each equipment item has a service life associated with
i t  that  may be less than the p lann ing per iod and that  the fac i l i ty  has some
salvage va lue a t  the end of  the p lann ing per iod.
cost incorporates three components,

As  a  r esu l t ,  t he  cap i t a l

value.
initial and reinvestment costs and salvage

Typ i ca l  use fu l  l i f e  pe r i ods  a re  as  f o l l ows : wastewater conveyance
st ruc tures ,
to 20 years;

50 years; other structures, 30 to 50 years; process equipment, 15
and auxiliary equipment, 10 to 15 years.

can be specified to vary over the planning period.
In addition, O&M costs

Table 4-6 summarizes the costs of the two systems analyzed by CAPDET,
a new treatment plant using the current treatment sequence and a new plant
with the two new treatment steps included. The table also shows the unad-
jus ted cost  increments  obta ined f rom CAPDET for  upgrad ing the POTW and
the adjusted costs which are increased by 15 percent to ref lect the costs of
retrof i t t ing an exist ing system.

The capital costs of upgrading (as shown in Table 4-6) are $1.01 million;
total project costs are $1.81 mil l ion. Addi t iona l  O&M costs  (which vary  be-
tween the f i rs t  and f ina l  year)  range f rom $370,000 to  $200,000 annual ly .
Present worth is $5.46 million; annualized cost is $580,000 based on a 30-year
planning period and 10 percent rate of interest.

Table 4-6. Example 2: POTW Upgrading Cost Summary
(millions of 1980 dollars)

New New POTW with
POTW with plug f low Incremental

plug f low and chemical costs for upgraded POTW

secondary addition and CAPDET Adjusted for
treatment f i l t ra t ion unadjusted retrofita

Capital cost 3.60 4.48 0.88 1.01

Total construction
cost

4.40 5.46 1.06 1.22

Total project
cost

6.53 8.10 1.57 1.81

O&M cost

F i rs t year 0.31 0.63 0.32 0.37

Final year 0.46 0.63 0.17 0.20

Present worth 9.98. 14.76 4.78 5.46

aAdjusted  costs are 15 percent higher than unadjusted costs.
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Example 3: POTW Using Technology Assessment Manual

In this example, planning level estimates of costs for upgrading an exist-
ing faci l i ty are developed from general ized cost curves that have been devel-
oped in the EPA’s Innovative and Alternative Technology Assessment Manual
[U.S. EPA, 1980a]. The manual has been designed specifically to aid Federal
and State review authorities in the administration of innovative and alternative
requirements of the Construction Grants Program and to provide basic method-
o log ica l  and technica l  in format ion to  ind iv idua ls  invo lved in  fac i l i ty  p lan de-
velopment.

A munic ipa l i ty  is  assumed to  have secondary  wastewater  t reatment  in
place at the POTW using the activated sludge process. Wastewater flow is 10
Mgal/d, and the e f f luent  has a  month ly  average va lue o f  30 mg/L for  both
BOD and TSS. To meet an ult imate oxygen demand (UOD)* of 85 mg/L as
part of waste-load allocation, it has been determined that the advanced waste
t reatment  process descr ibed in  the Manual  as  “n i t r i f i ca t ion,  separate  s tage,
w i t h  c l a r i f i e r ”  i s  r equ i red .  The const ruc t ion and O&M costs  are  obta ined
from Fact Sheet 2.1.14 in the Manual using a 10-Mgal/d f low rate. Construc-
tion costs are $1.6 million and O&M costs are $70,000 in 1976 dollars.

Several other adjustments to the values read from the cost curves are
necessary. The referenced Fact Sheet is based on an ENR construct ion cost
index of 2,475 (for September 1976). Adjust ing the construct ion costs for a
f irst quarter 1980 ENR index of 2,886 yields a construct ion cost of $1.9 mil-
lion. The O&M costs must also be adjusted to f i rst quarter 1980. The EPA
O&M index for  the th i rd  quar ter  o f  1976 is  2 .06 and for  the f i rs t  quar ter  o f
1980 is  2 .83,  y ie ld ing an ad justment  fac tor  o f  1 .37.  Therefore ,  O&M costs
are $100,000.

The Fact Sheet in the Manual directs the user to est imate other capital
expendi tures that  have not  been inc luded in  the const ruc t ion cost  curves.
Table 4-7 repl icates Table A-2, wh i ch  i s  p rov ided  f o r  t ha t  pu rpose  i n  t he
Manual. Fol lowing the direct ions inco rpo ra ted  w i t h  Tab le  A -2 ,  t he  p rac t i -
t ioner  es t imates nonconst ruc t ion cap i ta l  expendi tures.  A s  s h o w n  i n  T a b l e
4-7, total capital cost is $3.5 million.

The costs of the system are summarized in Table 4-8 together with efflu-
ent information. The annual ized costs  in  the tab le  are based on a cap i ta l
recovery  fac tor  o f  0 .106, ref lect ing a 10 percent social discount rate and a
30-year plant life.

Example 4: What To Do When There Is “No Information”

The practitioner may find that no Development Document or other techni-
cal data have been published that are direct ly appl icable to a part icular type
of  indust r ia l  p lant .  Nevertheless, i t  is possible to identi fy treatment options
and develop preliminary cost estimates, suitable for at least the early phases
of water quality program analysis.

*UOD + BODs x 1.5 + NH3 x 4.5.
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Table 4-7. Example 3: Development of Capital Costs (Nitr i f icat ion)
(All costs in millions of 1st quarter 1980 dollars)

Component installed construction costs
Unit processes

Nitr i f icat ion

Miscellaneous structures
(Administrat ive off ices, laboratories,

shops and garage facilities)

$1.9

$0.0

Subtotal 1

Noncomponent costs

Piping
Electrical
Instrumentat ion
Site preparation

Subtotal 2

Averagea

10%
8%
5%
5%

Nonconstruction costs

Engineering and constructign
supervision @ 15 percentb

Contingencies @ 15 percent

Subtotal 3 $0.8

Total capital costs

$1.9

Rangea

8-15% $0.2
5-12% 0.4
3-10% 0.1
1-10% 0.1

$0.8

$0.4

$0.4

$3.5

aRange due to level of complexity, degree of instrumentation, subsoil con-
dition, configuration of site, etc., percentage of subtotal 1.

b Percentage of subtotal 1 plus 2.

Table 4-8. Example 3: Summary of Costs
for  Ni t r i f i ca t ion Upgrade

Costs (millions of 1980:1 dollars)

Construc- Total
t ion capital O&M Annualized
costs costs costs cost Ef f luent  (mg/L)

($ ) ($) ($ ) ($ ) BOD NH3 UODa

1.9 3.5 0.10 0.46 10 1 19.5

aUOD = BODs x 1.5 + NH3 x 4.5.
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A reasonable approach is to first identify the pollutants that are of major
concern a t  the par t icu lar  p lant ,  the i r  concent ra t ion,  and the e f f luent  f low.
The next step is to identify waste treatment unit processes that may be appli-
cab le  for  the ident i f ied  po l lu tants . This  can be done by ident i fy ing one or
more analogous industr ies--e.g.,  an industr ial  plant where the specif ic pol lut-
ants  o f  in terest  are  be ing e f fec t ive ly  t reated,  or  have been s tud ied. In al l
l ikel ihood, the method of treatment of a specif ic pol lutant in one industry wi l l
be applicable to the particular plant of interest to the practitioner.

The next step is to acquire Development Documents and other reports on
the analogous industr ies. Using the information on the analogous plants, the
pract i t ioner should search out the cost-versus-f low-size relat ionships for the
one or more unit processes used to treat the pollutants of interest. This wi l l
al low the pract i t ioner to synthesize a wastewater treatment train and est imate
a total  cost for the process units in the train. Th is  approach is  pre ferab le
to using a total system cost estimate, in which the costs for each unit process
are not explicitly identified.

4.8 FINAL CAUTIONS

This sect ion describes several important factors that suggest caution is
necessary when measuring waste  t rea tment  cos ts , pa r t i cu la r l y  i ndus t r i a l
wastes.

The costs of treat ing wastes are only one element of the entire produc-
t ion process for a f i rm. This element is the management of the residuals that
accompany production (see Ayres and Kneese [1969]).  The costs of treating
wastes can be a f fec ted by changes in  the leve l  o f  product ion,  which a l ters
the volume of wastes and perhaps the type of treatment required.
in  the type of  product  produced,

Changes
in the processes used to make it, or in the

means of recovering the waste al l  can affect the cost and type of treatment
required. For example, a technology change in pulp production for the paper
industry from sulf i te to kraft  lowered the volume of suspended sol ids. When
the pract i t ioner  cons iders  the cost  o f  a  regu la tory  ac t ion,  i t  i s  impor tant  to
keep this total system view in mind.

4.9 SUMMARY

This section summarizes the major points from the chapter.

Costs are measured on the basis of opportunity cost--the value
of the next best forgone alternative.

The two main approaches to estimating costs are the economet-
r ic  and engineer ing approach. The engineer ing approach is
most often used because data needed in the econometric ap-
proach are seldom available.

Two major cost categories are capital  costs and operat ion and
maintenance (O&M) costs. Capi ta l  costs  are  in i t ia l  costs  o f
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cons t ruc t i on  o r  upg rad ing . Operat ion and maintenance costs
are annual costs of running and maintaining a faci l i ty after i ts
construct ion.

Th ree  use fu l  sou rces  o f  cos t  da ta  a re  vendo rs ,  es t ima t i ng
manuals, and industry information.

Discounting l inks the four major components of project costs:
initial investment, O&M, reinvestment, and salvage value.

Cost  indexes a l low cost  es t imates f rom d i f ferent  years  to  be
compared on a common basis. Useful index are EPA’s Sewage
Trea tmen t  P lan t  Cons t ruc t i on  I ndex ,  t he  GNP p r i ce  de f l a to r
series, and Chemica l  Engineer ing P lan t  Cons t ruc t i on  Cos t
Index.

Impor tant  fac tors  a f fec t ing  costs  o f  waste  t reatment  are  f low
rate ,  po l lu tant  load ings,  p lant  locat ion,  and per formance cap-
abi l i ty .

A model plant data form can organize information required for
costing.

Three levels of waste treatment are unit  process (single treat-
ment), t reatment  process (sequence o f  un i t  p rocesses) ,  and
treatment train (sequence of treatment processes).

P lann ing leve l  es t imates o f  costs  based on pr ior  ana lyses o f
treatment cost and having an accuracy of ±30 percent are ap-
propriate for many water quality program decisions.

EPA Development Documents  prov ide a  v a l u a b l e  s o u r c e  o f
planning level costs for specific industries.

CAPDET is a computerized model that prepares cost est imates
o f  a l t e rna t i ve  t r ea tmen t  t r a i ns , es t ima tes  t he  cos t s  o f  up -
grading, and computes a f inancial impact statement for publ icly
owned t reatment  works . CAPDET provides accuracy between
±15 and ±30 percent.

Technology assessment manuals provide basic technologies for
publicly owned treatment works.

Treatment cost estimates are sensitive to many factors in firms’
overa l l  p roduct ion operat ion,  inc lud ing output  leve ls ,  types o f
products, or manufacturing processes.
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CHAPTER 5

COMPLETING THE BENEFIT-COST ASSESSMENT

5.1 INTRODUCTION

What is a sensitivity analysis? How is i t  used in a benefi t-cost assess-
ment? What methods are appropriate for displaying the results of a benefi t-
cost assessment? Is a checklist of elements possible in a benefit-cost assess-
ment?

In answering these questions, this chapter discusses three sets of prac-
t ical problems encountered in benefi t-cost assessments: establ ishing plausible
resu l ts ,  d isp lay ing those resu l ts , and organizing the assessment’s elements.
The complexity of these practical problems varies direct ly with the complexity
o f  the par t icu lar  assessment .  For  example, in a qual i tat ive assessment, a
sensit ivi ty analysis need be conducted only in very general terms. However,
in a complex assessment, such as one presented in, the example below, the
plausibi l i ty of individual variables is specif ical ly considered. In other words,
the resources used in a sensit ivi ty analysis can be tai lored to the importance
of the decision.

The following sections of this chapter highlight these practical aspects of
a benefi t-cost assessment. Specif ical ly, Sect ion 5 .2  presents  a  sens i t iv i ty
analys is  for  a  water  qual i ty  s tandards example invo lv ing monet ized benef i ts
and costs. Section 5.3 describes narrat ives, ar rays,  and graphs as a l terna-
t ive ways of displaying the results of an assessment. Section 5.4 presents a
checkl ist for organizing an assessment. Final ly, Section 5.5 summarizes the
chapter’s main points.

5.2 SENSITIVITY ANALYSIS: A GAUGE TO BELIEVABILITY

Introduction

One ingredient in a good benefit-cost assessment is a sensitivity analysis
of i ts key variables and assumptions. The most common variables considered
in a sensitivity analysis are the parameters that determine benefits and costs,
the discount rate, and the t ime horizon of the assessment. For example, the
effect iveness of a part icular treatment process may be uncertain so that the
anticipated water quality may not be fully achieved. As previously discussed,
the discount rate can be among the most important of these features because
it affects both benefits and costs.

A  sens i t i v i t y  ana l ys i s  es tab l i shes  a  range  f o r  t he  ne t  bene f i t s  i n  t he
assessment rather than simply portraying a single estimate. In  pr inc ip le ,  th is
is similar to the procedure in stat ist ics that establ ishes interval est imates to
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bound the range of possibilities. In a benefit-cost assessment, greater uncer-
taint ies in the est imates of benefi ts and costs yield larger bounds to include
most of the possible outcomes.

A sensit iv i ty analysis wi l l  show when the assessment is affected by the
assumptions made. In instances where similar benefi t-cost assessments are
expected in  the fu ture , a sensit ivi ty analysis can serve as an agenda for re-
search by highl ight ing assumptions that inf luence the est imated net benefi ts.
Even when an assessment is sensitive to the assumptions employed, its results
are not inval idated. Rather, this sensit iv i ty cal ls for more care in interpret-
ing the results and in determining whether the assumptions are reasonable.

A sensit ivi ty analysis employs high and low estimates for both benefi ts
and costs and estimates net benefits for a range of discount rates. A l though
there are no formal procedures in a sensitivity analysis, the following example
highlights the decisions required to implement the various steps.

Table 5-1. Key Elements of Benefit and Costs

Cost savingsa Benefi ts forqoneb

Line item Likely estimate Line item Likely estimate
(and key (and range) , (and key (and range) ,
assumption) $ million assumption) $ million

Capital costs
New advanced waste
treatment plant
(size of plant) 4.8 (3.0 to 6.0)

Process changes
at meat processing
plant (extent of
changes) 3.2 (1.2 to 5.0)

Addit ional f ish-
ing (5 percent
g r o w t h  r a t e ) 1.75 (0.50 to 3.0)

Addit ional swim-
ming (probabi l i ty
of swimming is
constant) 0.50 (0.2 to 1.25)

Addit ional near-
water act iv i t ies
(no new act ivi t ies) 0.50 (0.2 to 1.50)

Operating costs
Advanced treatment 1.0

Meat processing 0.5

aCost  savings are the investment and operat ing costs forgone by not meeting
the f ish and wildl i fe propagation use for r iver. Likely est imate is l isted f irst
with the range in parentheses.

bBenefits forgone stem from the recreational activities had the fish and wildlife
propagation use been achieved. L i ke l y  es t ima te  i s  l i s t ed  f i r s t  w i t h  t he  range
in parentheses.
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Example

Suppose a State is considering changing the use designation for Segment
30 of a r iver from f ish and wildl i fe propagation (which is not being attained)
to agricultural uses. The need for a sensit ivi ty analysis is demonstrated by
the data in Table 5-1, which shows the key elements in the benefi t-cost as-
sessment--cost savings and benefi ts forgone. Unce r ta in t y  bo th  i n  t he  u l t i -
mate size of a new municipal waste treatment plant and in the est imation of
the cost savings for the process change at a meat packing plant dictates the
bounds for the cost estimates. In this case, the capital cost savings occur in
the  cu r ren t  yea r , so they are not affected by the select ion of the discount
rate.

The est imates of the benefi ts forgone by the change in designated uses
show even more uncertainty. The value of the estimated loss in fishing activ-
i t ies depends on a 5 percent per year increase in f ishing expected under the
previous designated uses. By varying the assumed increase in f ishing activi-
ties under the new designated uses, the forgone benefits range from $500,000
per year to $3,000,000 per year. The est imation of forgone swimming act iv-
ities is based on the assumption that the level of swimming would not change.
If  adjustments are made for the uncertainty of the assumption, the est imated
forgone swimming benef i ts  range f rom $200,000 per  year  to  $1,250,000 per
year. The range of forgone benefi ts for near-water act ivi t ies depends on the
assumpt ion that  no new act iv i t ies  are  deve loped for  the r iver . When this
assumption is relaxed, benefi ts for near-water act ivi t ies range from $200,000
to $1,500,000.

Step 1: Translate the Benefits and Costs into Present Values

The  f i r s t  s t ep  i n  sens i t i v i t y  ana l ys i s  i s  t o  t r ans la te  t he  bene f i t s  and
costs into present values to make the net benefi t  calculat ion. This example
simpli f ies the calculat ions by assuming a real rate of 4 percent and a project
l i fe of 50 years. Only  quant i f ied and monet ized benef i ts  are cons idered in
this example, and a l l  cap i ta l  costs  are spent  in  year  zero. The prob lem,
then, is  to  t rans la te  the annual  costs  and annual  benef i ts  that  occur  each
year into their present value equivalents, which requires the use of present
value tables. The information needed for using present value (PV) tables is
P/A,* 4 percent, 50 years. For the most likely case:

Operating cost savings = P = $1.5 (21.482) = $32.2 million

Total cost savings = 32.2  mi l l ion  p lus  8 .0  mi l l ion  cap i ta l  cost  for -
gone, or $40.2 million

Benefits forgone = P = $2.75 (21.482) = $59.1 million

*P /A  i s  a  head ing  f ound  i n  mos t  p resen t  va lue  t ab les  f o r  t r ans la t i ng
annual costs into their present value equivalents.

5-3



Net benefits calculated for the most likely estimate benefits and costs are:

Net benefits = PV benefits forgone - PV cost savings

$18.9 million = $59.1 million - $40.2 million

The assessment of net present value benefits shows the cost savings from the
change would be outweighed by the benef i ts  forgone i f  the most  l ike ly  est i -
mates are  used. Table  5-2  summar izes the resu l ts  o f  ca lcu la t ions for  the
ranges of benefits and costs in addition to the most likely case.

Step 2: Perform Sensitivity Analysis for Discount Rate and Key Assumptions

The sensit ivi ty analysis shown in Table 5-3 describes the bounds for the
net benefit estimates, using alternative discount rates and ranges of benefi ts
and costs. Part A of Table 5-3 shows the most likely estimates of net bene-
f i ts calculated with three dif ferent discount rates. Part B of Table 5-3 shows
the outcomes that would result  for the worst case expected to occur by est i-
mating the cost savings at the lowest end of their range and the benefits fore-
g o n e  a t  t h e  h i g h e s t  e n d  f o r  t h r e e  d i f f e r e n t  d i s c o u n t  r a t e s . Part C of
Table 5-3 presents the estimates that correspond to the most optimistic case,
wi th  cost  sav ings a t  the h ighest  end o f  the i r  range and benef i ts  forgone at
the lowest end of their range.

Step 3: Interpret Sensit ivi ty Analysis

The sensit iv i ty analysis shows that the net present value is sensit ive to
the discount rate in that the magnitude of the net cost savings estimates vary
over  a  large range. However, changes in the discount rate alone over the
range employed are not enough to change the direction of the net benefit as-
sessment. In both the most l ikely and the worst cases the forgone benefi ts
exceed the cost savings for changing the use designation. Only in the most
optimistic case, where the cost savings are at the highest estimate and bene-
f i ts forgone are at their lowest do the cost savings exceed the forgone bene-
f i t s .

The recommendation that could be made from the sensit iv i ty analysis is
that the change is l ikely to produce forgone benefi ts greater than the costs,
with only a small  chance that the results would be otherwise. To the extent
there are effects that cannot be expressed in dol lars, this range can also be
used to indirect ly define what the dol lar value of these effects would need to
be to  change the eva luat ion. In  the determinat ion o f  the appropr ia te  use
classification, the decisionmaker could then weigh this small chance.

5.3 DISPLAYING THE ASSESSMENT RESULTS

Th i s  sec t i on  d i scusses  t h ree  me thods  f o r  d i sp l ay i ng  t he  resu l t s  o f  a
benef i t -cost  assessment :  nar ra t ives,  ar rays or  mat r ices,  and graph ica l  d is -
plays. Each method is described brief ly, along with i ts advantages and dis-
advantages.
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Table 5-2. Sensit ivi ty Analysis Calculat ions: Discount
Rate at 4 percent

Cost savings, $ Benefi ts forgone, $

Capital cost: 8.0 million in 1982 Recreat ion:  2 .75 per  year
R a n g e :  4 . 2 to 11.0 Range:  0 .9  to  5 .75 per  year

Operat ing cost: 1.5 per year
Range: None

Present value of operating costs: Present value: 59.1 mil l ion
32.2 million Range: 19.3 to 123.5 million

Present value of total (most likely Total (most l ikely case): 59.1
case): 40.2

Range of present values of total Range of total benefits forgone for
cost savings: 36.4 to 43.2 million all cases: 19.3 to 123.5 million

Table 5-3. Sensit ivi ty Analysis

Discount rate

Net present value
of cost saving minus

benefi ts forgone
( % ) (million $)

A . Most Likely Levels of Benefits Forgone and Cost Savings

2 -31.3
4
6

-18.9
-11.7

B. Cost Savings at Lowest Estimate - -Benef i ts Forgone at Highest

2 -129.4
4
6

-87.1
-62.8

C. Cost Savings at Highest Estimate-- Benefits Forgone at Lowest

2 29.9
4 23.9
6 20.5
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Narrat ives

A narrat ive uses words to describe the results of an assessment. I t  can
be used to  descr ibe e i ther  qua l i ta t ive  or  quant i ta t ive  in format ion and is  a
simple, straightforward approach to displaying the results of an assessment.
i ts main disadvantage arises when there are several types of beneficial  and
detr imental effects to be weighed in the water qual i ty decision. The evalua-
t ion of these diverse benefi ts and costs may be aided by expressing some of
them wi th  numer ica l  es t imates  o f  benef i ts  and costs . Combin ing narra t ive
information with the array method discussed below can ease the comparison of
benefi ts and costs. Examples of narratives used in combination with matrices
are shown throughout Chapter 6.

A r r a y s

An  a r ray ,  o r  ma t r i x , is a tabular display that contains writ ten and nu-
merical descriptions of the outcomes of an assessment. Arrays are most  e f -
fec t ive  when combined wi th  the nar ra t ive  d isp lay  method d iscussed above.
An array organizes information in a simple yet visual ly effective manner. By
inc lud ing qua l i ta t ive  in format ion, t he  p rac t i t i one r  can  eas i l y  desc r i be  t he
nature of the benefi ts and costs and the degrees of confidence in the est i-
mates of either. I f  quanti tat ive and monetized information is included, i t  can
be  supp lemen ted  w i t h  desc r i p t i ons  o f  any  bene f i t s  and  cos t s  t ha t  a re  no t
monetized or cannot be quantified.

Arrays may be readily adapted to the wide variety of cases l ikely to be
encoun te red  i n  an  assessmen t  o f  wa te r  qua l i t y  p rog rams . T h e y  d o  n o t
require assumptions about the relat ionships among the variables presented in
the  a r ray , and they make i t  easier for the practi t ioner to describe relat ion-
sh ips known only  in  var ious degrees of  accuracy. A r rays  a re  pa r t i cu la r l y
well-suited for displaying intangible benefi ts and costs and are used in both
Chapter 2 and Chapter 6 to highl ight these issues. Most effect ive arrays are
used to  organize in format ion and to  d isp lay substant ive descr ip t ions o f  the
information presented. A r rays  t ha t  p resen t  t oo  much  i n fo rma t i on  can  be
div ided in to  severa l  ar rays, but  care is  requ i red to  avo id  unnecessary  con-
fusion. I nadequa te  desc r i p t i ons  may  be  wo rse  because  they  requ i re  t ha t
users invest their own time.

Graphs

Graphs are an effect ive way of presenting information in a benefi t-cost
assessment, but  cons iderab le  caut ion and scrut iny  are adv ised when us ing
them. Graphs can effect ively show relat ionships between two variables, but
o f ten the in format ion requ i red to  draw them is  s imply  not  ava i lab le . These
problems are less important for pie charts and bar graphs but are prevalent
for  t radeof f  curves, which show relationships between two well-defined objec-
t i ves .

Figure 5-1 presents an example graph that can be used for two well-de-
f ined ob jec t ives for  a  reservo i r :  f lood cont ro l  and recreat ion. Flood control
is measured on one axis in thousand acre-feet of water impounded annually,
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Figure 5-1. Tradeoff curve.

and recreat ion is  measured on the o ther  in  v is i ts  per  year  to  the s i te .  In
this case, the shape of the curve shows that as more of the reservoir is used
for a single object ive, larger and larger amounts of the other must be given
up.

The tradeoff curve shows a front ier of al ternative combinations of f lood
control and recreation that can be attained with a given reservoir in any year.
A point inside the frontier, l ike M, represents an inferior,  or less attract ive,
combination because more recreation can be attained while maintaining at least
the same amount of f lood control. However, the t radeof f  curve prov ides no
information about the relat ive attract iveness of points such as A through E.
Al l  are on the front ier,  and society must choose which al location of the two
object ives is most desirable. The extreme points A and E clearly show that
substantial  amounts of ei ther f lood control or recreation must be given up for
an exclusive use. However, to know whether they are efficient from society’s
viewpoint requires that the value of each good be known. The economic prin-
ciples behind the demand curve (which indicates that people will buy more as
pr ice is  lowered)  imply  that  there may not  be a s imple one- to-one re la t ion
between extra units of a commodity and the extra value from each unit.

While a useful concept,
fit-cost assessments.

tradeoff curves are inappropriate in many bene-
Many assessments for water quality policies will involve

more than two objectives that would be extremely difficult to express in a sim-
ple tradeoff relat ionship. For example, i t  is unl ikely that suitable quanti tat ive
units could be derived to meaningful ly express such object ives as enhanced
ecological diversity, which may involve complex relat ionships that can easi ly
confuse the practitioner about tradeoff relationships.
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Figure 5-2. Checklist for a water quality standards benefit-cost assessment.
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In summary, tradeoff curves are convenient display techniques but are
inappropriate when the objectives are not well  defined or easi ly expressed in
quant i ta t ive  or  monet ized un i ts . The pract i t ioner  should  use th is  techn ique
with a great deal of caution and only when substantial data are available.

5.4 BENEFIT-COST ASSESSMENT CHECKLIST

This section describes a checklist that can be used in organizing a bene-
fit-cost assessment. The example is for a water qual i ty standards case, but
the checklist is a general one.

The check l is t  in  F igure 5-2 prov ides a  means of  t rack ing the var ious
steps involved in the assessment process. This checkl ist can be tai lored to
f i t  the needs of each assessment by varying the types of benefi ts and costs
included and by using the columns at the r ight-hand side of the l ist .  These
columns al low the checkl ist  to accommodate the range from simple qual i tat ive
to  complex quant i ta t ive  assessments  by  des ignat ing the s ta tus  o f  the data
required for the assessment. A qualitative assessment can be conducted even
with such status categories as “not appl icable” and “unavai lable.” The com-
p l e x  a s s e s s m e n t  i s  m a d e  e a s i e r  w h e n  t h e  c a t e g o r i e s  a r e  “ a v a i l a b l e ”  o r
“ requested. ” The larger the “unavailable” category, the more strongly a State
should  cons ider  us ing addi t iona l  resources, e i t he r  i ns i de  o r  ou t s i de  S ta te
government, to obtain the needed information, especial ly i f  benefi ts or costs
a re  l i ke l y  t o  be  s i zab le  and  i f  t he  dec i s i on  i s  unc lea r  a f t e r  a  qua l i t a t i ve
assessment. For a complex case involving potentially large benefits and costs,
the extra value of acquir ing the necessary data can be substantial.  Data on
a specif ic water body and the use of the techniques described in this hand-
book can greatly simpli fy the complex quanti tat ive assessment and assist in
evaluating a proposed water quality action.

5.5 SUMMARY

A  s e n s i t i v i t y a n a l y s i s  f o r  k e y  v a r i a b l e s  a n d  a s s u m p t i o n s
employed in an assessment is essential for a plausible assess-
ment.

Sens i t iv i ty  es tab l ishes a  range of  outcomes poss ib le  for  the
assessment and will show when the assessment is sensitive to
its assumptions.

Three key components of an assessment that wi l l  be essential
in the sensit ivi ty analysis are the discount rate and est imates
of benefits and costs.

A narrat ive describes the results of an assessment in words.
I ts main advantage is i ts simple straightforward nature, whi le
i ts  d isadvantage is i n  p resen t i ng  resu l t s  f o r  mo re  comp lex
assessments.

A r rays  o r  ma t r i ces  a re  t abu la r  d i sp lays  t ha t  con ta in  w r i t t en
and numer ica l  descr ip t ions. Na r ra t i ves  a re  o f t en  comb ined
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w i t h  t h e  a r r a y s  a s  a n  e f f e c t i v e  d i s p l a y  t e c h n i q u e  a n d  a r e
suited for a wide range of assessments.

Graphs can ef fec t ive ly  i l lus t ra te  re la t ionsh ips between ob jec-
t ives that  are  quant i f ied or  monet ized.  However ,  the in forma-
t ion necessary  for  these d isp lay techniques is  f requent ly  un-
available.

Tradeoff curves show a front ier of al ternat ive combinations of
quant i t ies  for  two ob jec t ives . Cau t i on  and  sc ru t i ny  a re  ad -
v i sed  i n  us i ng  t hese  cu rves  i n  an  assessmen t  because  t he
necessary information is often unavailable or it is impossible to
apply to water bodies with a wide range of uses.

A checkl ist is one way of organizing the procedures and infor-
mation in a benefit-cost assessment.
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CHAPTER 6

BENEFIT-COST--SAMPLE SCENARIOS

6.1 INTRODUCTION

In water qual i ty programs, the benefit-cost assessment practitioner must
eva luate a  wide range of  po l icy  act ions. These cou ld  inc lude both  minor
changes in designated uses for an intermittent stream and major changes in
des ignated uses or  in  advanced t reatment  or  combined sewer  over f low to
provide recreation and intangible benefi ts that require substantial  investments
by cit ies and f irms. Thus, the framework for evaluating these pol icy act ions
must be capable of comparing incremental benefits and costs for a diversity of
cases yet provide for a consistency in the application and presentation of the
assessment. Even though scenar ios  are presented on ly  for  potent ia l  water
qual i ty standards decisions, the range of issues is broad enough to be useful
to other water quality programs.

To i l lus t ra te  the type o f  assessments  that  might  ar ise  in  water  qua l i ty
programs, this chapter develops three sample scenarios--simple, medium, and
complex. Each scenario is designed to bui ld on the preceding one, as new
dimensions are added. Each scenario is introduced by a brief descript ion of
hypothetical sample cases. Each scenar io  re fers  the reader  to  the re levant
handbook chapter(s) that provide more detailed discussion on specific issues.

A l though the s tep-by-s tep f ramework i l lus t ra ted in  the fo l lowing scena-
rios is both systematic and flexible enough to accommodate most of the benefit-
cost assessment needs of various water quality programs, the values it assigns
to benefits and costs should be regarded as approximations rather than abso-
lutes. This note of caution has nothing to do with the framework i tself ,  but
wi th  the spec i f i c information-- e .g . ,  poo r  qua l i t y  da ta  on  l i nkages  be tween
water  qual i ty , f ish  propagat ion, and recreat iona l  f ish ing- -used to  es t imate
either costs or benefits.

The fo l lowing sect ions o f  th is  chapter  present  the three scenar ios  for
benefit-cost assessment. Specif ical ly, Section 6.2 describes a simple case
scenario that uses only qualitative information, Section 6.3 presents the medi-
um case scenario, providing some quanti tat ive benefi ts and costs, and Sec-
tion 6.4 contains a complex case scenario involving multiple benefits and costs.
Finally, Section 6.5 summarizes the key issues in the scenarios.
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6.2 SIMPLE CASE SCENARIO

Int roduct ion

The strength of benefit-cost assessment lies in its ability to organize ma-
terial in a consistent manner yet remain flexible enough to accommodate a wide
range of cases. This simple scenario i l lustrates a qual i tat ive benefi t-cost as-
sessment and demonstrates both the consistency and f lexibi l i ty in this evalua-
t ion procedure.

In  many water  qual i ty  appl icat ions, the potential  benefi ts and costs do
not just i fy anything more than a qual i tat ive benefi t-cost assessment. Although
a qualitative assessment does not quantify the information it organizes, it does
prov ide a  f ramework for  present ing the character  o f  the ind iv idua l  prob lem
a n d  f o r  d e s c r i b i n g the judgment  employed to  make the assessment . For
example, water qual i ty standards decisions where qual i tat ive assessment may
be appropriate include stream-specific standards, such as the following:

Publ ic  water  supply  des ignat ions for  s t reams that  have never
been so used or that--because of low cost alternatives--are not
l ike ly  to  be so used in  the fu ture.  Poss ib le  changes inc lude
removing the water supply use and adding recreation or agri-
cultural uses that the water supply use might have precluded.

Primary contact recreation uses for a stream that currently has
few access points, as wel l  as water qual i ty l imitat ions. Pos-
sible changes include l imit ing types of recreation or changing
uses to accommodate agricultural and industrial activities.

Simple Case Scenario Format

I. Define the Action

A Sta te  is  rev iewing the des ignated uses for  a  spec i f ic  segment  o f  a
r iver  cur rent ly  des ignated for  use as a  publ ic  water  supply ,  a l though i t  has
never  been used in  th is  capac i ty , and for  pr imary body contact  recreat ion.
The act ion to  be assessed is  the removal  o f  the water  supply  use and the
add i t i on  o f  an  i r r i ga t i on  use . The segment  is  located in  a  por t ion o f  the
State  that  produces a  substant ia l  amount  o f  agr icu l tura l  products .  The seg-
ment is a primary source of water recreation in the area and supports f ish-
ing, swimming, and limited boating.

II. Translate the Effects into Beneficial Outcomes and Costs

Al though the use change wi l l  cause s l ight ly  lower  leve ls  o f  d isso lved
oxygen and small increases in the levels of several other biological and chemi-
ca l  water  qua l i ty  parameters , recreat ion ac t iv i t ies  wi l l  be  unaf fec ted. The
primary benefi t  wi l l  be the increase in high-quali ty water avai lable for irr iga-
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t ion , result ing in cost savings for farmers who presently have irr igated farm-
land or who will be able to irrigate additional farmland.*

t ial
are
use

In terms of forgone benefits, the cost of the action is the loss of a poten-
water supply source. However, groundwater sources exist,  and residents
present ly  us ing them at  lower  costs  and are expected to  cont inue the i r
i n  t he  f u tu re . Noth ing (e .g . , shortages or contamination) is expected to.

threaten these groundwater supplies.

III. Calculate the Value of the Beneficial Effects Based on Willingness to Pay

The value of the benefits of the change would equal the farmers’ willing-
ness to pay to obtain the water for irr igat ion rather than do without i t . The
benefi ts are expected to be posit ive on this basis, but not necessari ly large
because some alternative irrigation supplies exist.

IV. Calculate the Value of the Detrimental Effects Based on Opportunity Costs

The oppor tun i ty  cost  o f  th is  ac t ion is  loss  o f  the potent ia l  source o f
dr ink ing water . The alternative suppl ies of drinking water make this oppor-
tun i ty  cost  near  zero. If  future demand and supply of drinking water should
change substantial ly, the State could reconsider the designated uses because
the long-term physical effects on the water will be limited in nature.

V. Compare the Total Benefits and Costs

The benefits of the action, are the amounts the farmers would be willing
to  pay f rom th is  new i r r igat ion source to  i r r igate  the i r  farmland wi thout  the
action. The costs  o f  the act ion,  however ,  are  zero,  because they cons is t
ent i re ly  o f  the los t  oppor tun i ty  for  an a l ternat ive supply  o f  dr ink ing water ,
which can be obtained from exist ing groundwater resources. Thus, the total
benefi ts of the act ion are greater than the costs. Therefore, the act ion wi l l
p rov ide pos i t ive  net  benef i ts  for  the State  and count ry .  Recreat ion act iv i ty
will be maintained, and cost savings for farmers will be greater than the loss
of a potential source of drinking water.

VI. Assess the Plausibi l i ty of the Results

The resu l ts  are  not  l i ke ly  to  change under  a lmost  a l l  poss ib le  c i rcum-
stances.
i . e . ,

Only  i f  d ramat ic  changes occur  in  the dr ink ing water  s i tuat ion- -
i f  g roundwa te r  supp l i es  become  con tam ina ted  o r  sudden l y  i n  sho r t

supply--would the outcome be different.

*This part icular segment has ample f low but farmers have not been per-
m i t t ed  t o  use  i f  f o r  i r r i ga t i on . Withdrawal for irr igat ion wil l  not noticeably
affect recreation activities or fish populations.
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6.3 MEDIUM CASE SCENARIO

Introduction

As a group, medium cases can be distinguished from simple and complex
cases. While simple cases usually require only a qualitative assessment of
benefits and costs,medium cases normally involve some quantitative measures
of benefi ts and costs. Fur ther , while medium cases usually involve only one
type of  benef i t - -such as recreation - -and the appl icat ion of measurement ap-
proaches and results from other studies, complex cases often require develop-
ment of case-specific measurement approaches.

One pract ical way to dist inguish between simple and medium cases is to
conduct  the qua l i ta t ive  assessment  and then to  judge whether  i t  p rov ides
enough information for a clearcut decision. I f  the outcome is not clear, the
more quant i ta t ive  medium case assessment  may be needed.  Water  qua l i ty
standards decisions that might require medium assessments include the follow-
ing:

F ish and wi ld l i fe  propagat ion u s e  f o r  a  s t r e a m  t h a t  i s  n o t
be ing a t ta ined because of  indust r ia l  d ischargers .  The t reat -
ment opt ions are l imited to high-cost land-treatment solut ions,
and the r iver  is  not  an impor tant  recreat ion source.  Change
could be to provide for a less restr ict ive f ish and wildl i fe use
or for agricultural/ industr ial  use.

F ish and wi ld l i fe  propagat ion use for  a  major  r iver  t r ibutary
wi th  indust r ia l  d ischargers .  A change in  des ignated use to
accommodate ex is t ing indust r ia l  coo l ing would  mainta in  re la-
tively low levels of dissolved oxygen in a large segment of the
r i ve r , pr imari ly affect ing f ishing. The assessment would com-
pare the loss in potential  f ishing benefi ts with cost savings to
industr ial  f i rms.

F ish and wi ld l i fe  propagat ion use for  a  s t ream whose hydro-
log ica l  equ i l ib r ium has been af fected by i r r igat ion.  A change
in designated use to accommodate agricultural i rr igat ion would
cause the loss of a potential warm water fishery in the stream.
The assessment would compare loss in potential fishing benefits
with cost savings to agricultural irrigation users.

At ta in ing a  l imi ted warmwater  f ishery  (sunf ish ,  carp ,  cat f ish)
use for a channelized stream would require an advanced treat-
ment  p lant  fo r  munic ipa l  wastes .  One  change  wou ld  be  t o
provide roughfish passage. The assessment would compare the
loss  i n  po ten t i a l  f i sh i ng  bene f i t s  w i t h  t he  cos t  o f  advanced
treatment.
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Medium Case Scenario Format

I . Define the Action

A Sta te  is  rev iewing the des ignated uses for  a  spec i f ic  segment  o f  a
r iver  cur rent ly  des ignated for  agr icu l tura l  and indust r ia l  use and secondary
recreation, primari ly boating. The action to be evaluated is a use change to
provide a warmwater f ishery in addit ion to other uses. The r iver segment is
capable  o f  susta in ing a  warmwater  f ishery  i f  d ischarges f rom a munic ipa l
treatment plant are reduced to improve the level of dissolved oxygen.

I I . Translate the Effects into Beneficial Outcomes and Costs

The ef fec ts  o f  the change wi l l  be an improvement  in  d isso lved oxygen
leve l s  t o  sus ta i n  t he  wa rmwa te r  f i she ry  unde r  a l l  f l ow  cond i t i ons . Th is
change wi l l  p rov ide a  new source for  smal lmouth bass recreat iona l  f ish ing
while maintaining the exist ing uses. The primary cost of the change wil l  be
additional treatment of municipal wastes, but advanced treatment is not antici-
pated.

I l l . Calculate the Value of the Beneficial Effects Based on Willingness to Pay

A travel cost model can be used to estimate the recreational fishing bene-
f i t s . These benefits are estimated to be $70,000 per year and are assumed to
remain at that level for the next 20 years.* This amount represents f isher-
men’s willingness to pay for the water quality improvement, but does not meas-
ure nonuser  va lues or  in tang ib le  benef i ts  assoc ia ted wi th  the water  qua l i ty
improvement.

IV. Calculate the Value of the Detrimental Effects Based on Opportunity Cost

The munic ipa l  d ischarger  wi l l  be requi red to  upgrade the qual i ty  o f  i ts
treatment plant. From engineering estimates, th is  upgrad ing is  expected to
requi re  an in i t ia l  investment  o f  $500,000 but  no increases in  operat ing ex-
penses. There will be a small economic impact on households who pay for the
treatment services. (See Chapter 4 for details on measuring costs.)

V. Compare the Total Benefits and Costs

To compare them, benef i ts  and costs  must  be conver ted in to  present
values. Cos ts  i ncu r red  i n  t he  p resen t  yea r  a re  a l ready  i n  p resen t  va lue
terms ($500,000) ,  but  the benef i ts  must  be conver ted in to  a  present  va lue
equivalent from a stream of annual dollars over 20 years. Using a social rate
of t ime preference as presented in Chapter 2, these benefi ts are discounted

*See the complex scenario for the use of a travel cost model to estimate
recreational f ishing benefi ts. The results are summarized for the medium case
to minimize duplication among the scenarios. See Chapter 3 for general dis-
cussion of the travel cost approach.
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a t  2  pe rcen t  f o r  a  t o ta l  20 -yea r  va lue  o f  $1 ,148 ,000 .  Thus ,  t o ta l  bene f i t s
resulting from the change are $1,148,000, and total costs are $500,000, result-
ing in a posit ive net benefi t  of $648,000. Adding the new use wil l  therefore
provide benefits in excess of the required investment costs.

V I . Assess the Plausibility of the Results

The key element inf luencing the sensit ivi ty of this scenario is the selec-
t ion  o f  the d iscount  ra te . To determine the p laus ib i l i ty  o f  the resu l ts ,  net
benef i ts  shou ld  be ca lcu la ted wi th  d i f fe rent  d iscount  ra tes  and compared.
Chapter 2 recommended a high estimate of 5 percent for the, social rate of time
preference, and the Office of Management and Budget (OMB) requires the use
of 10 percent for major regulat ions. Net benefi ts calculated with these rates
are listed below.

Discount rate
(percent )

2
5

10

Net benefits
($ )

648,000
372,340

95,980

As indicated, the use change would produce posit ive net benefi ts under any
of the three discount rates, implying that benefi t  est imates are not sensit ive
to the discount rate selected. Sensitivity analyses also may be performed for
the estimates of benefits and costs--for example, with benefits and costs esti-
mated at ±30 percent of the average value. More detai ls on using sensit ivi ty
analysis are provided in Chapter 5.

In assessing the plausibi l i ty of the results one might also consider the
distr ibut ion effects discussed in Chapter 2. In this sample case these effects
are an inconsequential  part of the assessment because no one group is adv-
erse ly  a f fec ted. However ,  d is t r ibut ion e f fec ts  vary  f rom case to  case and
should be addressed.*

6.4 COMPLEX CASE SCENARIO

Introduction

The complex case scenario is dist inguished from the simple and medium
case scenarios by several characterist ics, including i ts considerat ion of mult i-
p le  types o f  tang ib le  benef i ts ,  in tang ib le  benef i ts ,  and investment  in  waste
t reatment  beyond the technology-based requi rements . In  add i t ion,  benef i ts
and costs in complex cases are l ikely to be an order of magnitude, or more,
above those in medium cases. In  fac t ,  i f  benef i ts  and costs  are  not  s ign i f i -

*The complex scenario that follows provides a detailed assessment of dis-
tr ibut ion effects.
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cantly greater than those of the typical medium case scenario, use of the com-
plex case scenario is not recommended because the effort  i t  requires would
not be justified.

Measurement  and va luat ion o f  benef i ts  and costs  may requi re  severa l
methods discussed in Chapters 3 and 4. The types of benefits and costs, data
availabi l i ty, and avai lable staff  resources wil l  inf luence the level of detai l  in
the assessment. For controversial decisions, a State  may dec ide to  obta in
assistance from outside the agency to conduct the assessment.

Complex cases may include the following:

A d d i n g  f i s h  a n d  w i l d l i f e  p r o p a g a t i o n  a n d  p r i m a r y  c o n t a c t
r e c r e a t i o n  u s e  d e s i g n a t i o n s  f o r  a  s t r e a m  t h a t  w i l l  r e q u i r e
advanced t reatment  for  munic ipa l  d ischarges. Benef i ts  w i l l
i n c l u d e  m u l t i p l e  t y p e s  o f recreation act iv i t ies, intangible
benef i ts  such as enhanced eco log ica l  d ivers i ty ,  and nonuser
benefi ts. Cos t s  w i l l  i n c l ude  i nves tmen ts  by  f i rms  i n  was te
t reatment  beyond investment  requ i red for  technology-based
requirements.

Prov id ing publ ic  water  supply  f rom a s t ream that  w i l l  requ i re
advanced treatment for municipal wastes. Water supply bene-
fits could be for more than one downstream municipality.

Complex Case Scenario Format

I. Define the Action

A  S t a t e  i s  r e v i e w i n g the  des igna ted  uses  f o r  a  10 -m i l e  segmen t  o f
River 1, located between Cities A and B. The r iver  is  cur rent ly  des ignated
for secondary contact recreation,
and f ish and wildl i fe propagation.

but the State is considering adding swimming
These uses cannot be attained by imposing

the technologies required under the Clean Water Act (Section 301(b)(2)),  but
they could be attained with more stringent controls on municipal and industrial
point dischargers.

River 1 drains an area of 7,386 square miles, and most of i ts length is
characterized by steep banks and rugged terrain. The major point sources of
discharges on the river segment of interest are iron and steel facilities and a
municipal sewage discharge just outside City B and upstream from City A.

The r iver is navigable the entire year, and a considerable amount of coal
is barged through several locks and dams operated by the U.S. Army Corps
of Engineers. River 1 is currently used for boating recreation and for act iv-
i t ies near water at several parks located along i ts banks. The most notable
water  qua l i ty  prob lems l imi t ing swimming and f ish  and wi ld l i fe  propagat ion
have been associated with the dissolved oxygen and ammonia levels, with fre-
quent violations of current standards at low flow.
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I I . Translate the Effects into incremental Beneficial Outcomes, Costs, and
Economic Impacts

A . Bene f i t s

Recreational fishing
Swimming
Activi t ies “near water”
Navigation
Ecological diversity
Nonuser/nonuse benefits.

B . Costs

Capital and operating costs for steel plants
Capital and operating cost for City B

C. Distr ibut ional Impacts

Reduced profitability of steel plants
Effects on operations (will shutdowns occur?)
Increased sewer charges for municipal taxpayers
Employment
Price
Impact on firms within industry

III. Calculate the Value of Beneficial Outcomes Based on Willingness to Pay

A . Recreational Boating Benefits

Step 1

Determine what data are available for recreation on or near River 1.
Likely sources inc lude the State  recreat ion p lan,  the EPA 208 management
plan, t he  1977  Depa r tmen t  o f  I n te r i o r  ou tdoo r  rec rea t i on  su rvey ,  and  t he
U.S. Army Corps of Engineers.

Step 2

Use  the  Co rps  o f  Eng inee rs  rec rea t i on  su rvey  da ta  on  R i ve r  1 ,
which contains information on users and where they are from. This informa-
t ion wi l l  a l low est imat ion o f  recreat ion benef i ts  w i th  the s implest  vers ion o f
t he  t r ave l  cos t  mode l . ( S e e  C h a p t e r  3  f o r  m o r e  d e t a i l s  o n  t r a v e l  c o s t
models.)

A number  o f  impl ic i t  assumpt ions are  used in  th is  scenar io . Fo r  ex -
ample, the State is assumed to have the information necessary to estimate the
cu r ren t  and  po ten t i a l  demand  fo r  f i sh i ng  and  sw imming  f o r  R i ve r  1 . The
simplest measure of travel cost is used even though i t  excludes the cost of
t rave l  t ime, t ime spent onsite, and the in f luence o f  subst i tu te  s i tes  on the
demand for River 1 recreation. Also assume that the travel cost to the si te
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i s  capable  o f  captur ing a l l  the fac tors  that  in f luence the dec is ion to  f ish  or
swim a long the r iver . Th is  impl ies  that  no changes in  access,  docks,  and
other  s i te  features are  occur r ing. (See  t he  case  s tudy  o f  t he  t r ave l  cos t
model in Chapter 3.)

Equation (6.1) i l lustrates the travel cost demand equation for these as-
sumptions. The equation omits several or igin-specif ic variables (such as in-
come, age, education, etc.) that determine recreational demands for a si te be-
cause  t hey  wou ld  on l y  change  the  pos i t i on  o f  t he  demand  cu rve  f o r  each
origin zone. The subscript i refers to these omitted variables:

(6 .1 )

where

A = activities that would be permitted by the water quality use classi-
fications (A = B for boatable, F for fishable, S for swimmable),

Vi = number of visits to the site from origin zone i, and

POPi = population of origin zone i.

Step 3

Calculate recreation benefi ts for exist ing water qual i ty level.  These
calculations are needed to obtain the baseline and must be netted out from the
benefits of the additional use designations. Use the data in Table 6-1 to esti-
mate travel cost model. Remember: these are user benefits only.

Table 6-1. Demand for Recreation for River 1--Water Quality
at Level Suitable for Boating

Limits
of zone

of origin
(miles)

1980
population

(1,000)
Total No.

par ty  v is i ts

V is i ts  per
1,000

population

Consumer
surp lus per

individual
( $ )

1 to 20 1,000 1,650,000 1,650 2.40

21 to 40 1,500 600,000 400 1.80

41 to 60 2,000 200,000 100 1.40

61 to 80 2,500 50,000 20 1.00

81 to 100 3,500 25,000 7 0.60

100+ 5,000 2,500 0.5 0.20
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Calculation of Benefits

(6 .2 )

Benefits = (number of individuals) x (benefi ts per individual)

where

TCT = the travel cost at which there would be a zero visit rate, and

TCi = travel cost for ith origin zone.

F igure 6-1  i l lus t ra tes  the consumer  surp lus  es t imates that  resu l t  f rom
this calculat ion. Two assumpt ions are  impl ic i t  fo r  the es t imat ion.  F i rs t ,  as
with XYZ in Figure 6-1, calculate the representative individual’s consumer sur-
plus in an origin zone, and then assume that all individuals in the origin zone
have the same consumer  surp lus . Th is  procedure is  poss ib le  because use
( i . e . , t he  v i s i t  measu re )  i s  cons ide red  t o  a r i se  f r om the  popu la t i on  as  a
whole .  (The ca lcu la t ion would  be d i f fe rent  fo r  t rave l  cost  models  es t imated
from survey data. See Chapter 3 for specifics.)

Figure 6-1. Travel cost demand function and
consumer surplus with boatable water.

For example, in Table 6-1, the f i f th  co lumn repor ts  an example o f  the
estimated individual consumer surplus by origin zone. Mult iplying each con-
sumer surplus t imes the populat ion and adding across origin zones gives the
aggregate consumer surplus for the site with boatable water:
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Benefits for Boatable Water = $13.5 million for the site with current water
quali ty levels.

B. Recreational Fishing Benefits

Step 1

Use the results on f ishing benefi ts in the Monongahela River study
(see t rave l  cost  case s tudy,  Chapter  3 ,  fo r  deta i ls ) . The resu l ts  f rom the
Monongahela study can be used to calculate benefi ts analogous to those re-
ported in Table 6-2. Note: pract i t ioners might consider three questions in
determining t h e  p l a u s i b i l i t y  o f  r e s u l t s : Wha t  s im i l a r i t i e s  ex i s t  be tween
River 1 and the Monongahela River?
results? How significant are they?

What are the problems in adapting the

Table 6-2. Demand for Recreation for River 1--Water Quality
at Level Where Gamefish (Bass) Can Live in River

L imi ts Consumer
of zone 1980 Visi ts per

of origin
surp lus per

population Total No. 1,000 individual
(miles) (1,000) pa r t y  v i s i t s population ($ )

1 to 20 1,000 3,400,000 3,400 0.10

21 to 40 1,500 1,500,000 1,000 0.10

41 to 60 2,000 800,000 400 0.10

61 to 80 2,500 500,000 200 0.10

81 to 100 3,500 350,000 100 0.10

100+ 5,000 50,000 10 0.10

aThese calculations assume a parallel shift in demand. It need not be parallel
in particular applications (see travel cost case study, Chapter 3).
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Step 2

For this framework, the travel cost model provides the relat ionship
between the demand for the recreation site and the water quality use designa-
t ion . T h u s , an  imp rovemen t  i n  wa te r  qua l i t y  f r om boa tab le  (B )  t o  f i sh -
ab le  (F)  can be expected to  sh i f t  the demand for  the s i te ’s  serv ices. Th i s
conclusion fol lows from the site’s abi l i ty to support both types of recreational
act ivi t ies under the higher designated use.
shif t  involved.

Figure 6-2 i l lustrates the type of

Figure 6-2. Travel cost demand function and change
in consumer surplus with fishable water.

To calculate the incremental benefi ts associated with this change in use
designation, we need to estimate YXWV.
model, YXWV would be given as:

In terms of the travel cost demand

Benefits (incremental to fishable) =

The second term in  Equat ion (6 .3)  s imply  repeats  the benef i t  es t imate
fo r  t he  s i t e  w i t h  t he  ex i s t i ng  des igna t i on  wh i ch  a l l ows  boa t i ng .  Thus ,  t he
increment to benefi ts because of the change in water qual i ty is being calcu-
lated. This example assumes that individuals from the same origin zones are
using the si te, and no users from new origin zones so Equation (6.3) can be
rewrit ten as the sum of the increments to the individual benefi ts real ized in
each origin zone, as in Equation (6.4):
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B e n e f i t s  f o r
increment

t o
f ishable
water

number of x increment to each individual’s
individuals benefits from use designation

For the representative individual, this increment is YXWV in Figure 6-2.

Tab le  6-2  repor ts  some i l lus t ra t ive  increments  in  the f i f th  co lumn,  and
the calculation process is then similar to that described above:

Benefi ts for Increment
to Fishable Water, 1980-1981 = visits x travel costs

= $(100,000 + 150,000 + 200,000 + 250,000 +

350,000 + 500,000)

Benefits for increment to fishable water = $1.6 million per year.

C. Swimming Benefits

Step 1

Use the resu l ts  on swimming benef i ts  in  the Monongahela  River
study (see travel cost case study, Chapter 3, for detai ls) to calculate infor-
mation such as that in Table 6-2.

Step 2

To calculate the benefits from swimming use, the frame of reference
m u s t  b e  d e f i n e d . Specif ical ly, w h i c h  i n c r e m e n t a l  b e n e f i t s  a r e  o f  m o r e
interest--those associated with moving from a fishable to a swimmable use des-
ignation, or those associated with moving from boatable to swimmable? The
method used to est imate these incremental benefi ts wi l l  depend on the refer-
ence point. For example, in Figure 6-3, which shows all three demand func-
t ions, movement from fishable to swimmable leads to incremental benefits (per
individual) of VWUT. A change from boatable to swimmable includes this in-
crement along with the increment associated with the improvement to fishable
(YXWV).
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Figure 6-3. Travel cost demand function and change
in consumer surplus with swimmable water.

The calculations would follow the same outline used in the preceding two
examples. Important in this case is the point of reference used to calculate
the incremental benefits. If procedures from previous section are followed:

Benefits for the increment from fishable to swimmable water = $750,000.

D. Recreational Benefits of Activities Near Water

Improvements in water qual i ty wi l l  make addit ional acres usable for
act iv i t ies  near  River  1 ,  inc lud ing,  for  example,  hunt ing,  b i rdwatch ing,  h ik -
ing,  photography,  and s ightseeing. This example shows what can be done to
estimate the benefits when demand information is not available. In  par t icu lar ,
a part icipat ion model can be used to predict the increase in recreation act iv-
i t ies near water and a recreation day value est imate can be used from other
sources. (See participation survey case study, Chapter 3, for details.)

An important issue that ar ises with this approach is the consistency of
benefi ts derived from the travel cost model with those from the part ic ipat ion
model. Specif ical ly, the travel cost model describes the demand for recrea-
t ional si te services which can be used in a variety of recreational act ivi t ies,
i nc l ud ing  t hose  “nea r  wa te r . " S ince the par t ic ipat ion model  for  pred ic t ing
demand for recreation near water may be measuring benefi ts ref lected in the
travel cost model, some double counting can occur.

The fo l lowing f ive  s teps can be used to  es t imate the va lue o f  the in -
crease in near-water activities.

Step 1

D e t e r m i n e  t h e  a v a i l a b i l i t y  o f  d a t a  o n  a c t i v i t i e s  n e a r  w a t e r  f o r
River 1.
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Step 2

Estimate the increase in near-water act iv i t ies result ing from the f ish
and wildl i fe propagation use designation. Analysis of River 1 determined that
8,931 acres along t h e  r i v e r  a r e  c u r r e n t l y  s u i t a b l e  f o r  t h e s e  a c t i v i t i e s .
Achieving the use designation was predicted to make another 2,700 acres suit-
ab le  for  near-water  ac t iv i t ies  and to  improve the recreat iona l  fac i l i ty  ra t ing
by 1 unit (on a scale of 1 to 5).

Step 3

Est imate the change in  the probabi l i ty  o f  par t ic ipat ion (AP) in  the
near-water act ivi t ies among the populat ion as a result  of the improvements.
Using a model (see Chapter 3, par t ic ipat ion survey case s tudy for  deta i ls )
that correlates part icipat ion in near-water act ivi t ies with avai lable water recre-
at ion area and a rat ing of the recreational faci l i t ies, the increased probabil i ty
of participation can be calculated as:

Step 4

Est imate the change in  par t ic ipat ion days a t t r ibutab le  to  River  1
between Cities A and B. Specif ical ly, using the national average of 2.0 near-
wa te r  ac t i v i t y  days  pe r  pa r t i c i pan t  pe r  yea r ,
days can be calculated as:

addi t iona l  near-water  act iv i ty

Change in near-
water  act iv i ty  days =

=

Change in near-water activity days = 127,600/year.

Step 5

searchers
E s t i m a t e  t h e  v a l u e  o f  a d d i t i o n a l  n e a r - w a t e r  a c t i v i t y  d a y s .  R e -

$12.00 to
have est imated va lues per  near-water  ac t iv i ty  day to  range f rom
$18.50 (Volume II  wi l l  provide more detai ls on these values). Mult i-

p l y i ng  t hese  va lues  by  t he  number  o f  add i t i ona l  nea r -wa te r  ac t i v i t y  days
gives the following range of values for the additional activities:
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(12.00/near-water activi ty day)(127,600 days) = $1.5 mil l ion

(18.50/near-water activi ty day)(127,600 days) = $2.4 mil l ion

Note: Remember the limitations of this approach:

1. The valuation step is not based on willingness to pay.

2. Limitat ions are caused by transferr ing the model from one study to
another.

E. Benefits of Improved Ecological Diversity

A t t a i n i ng  t he  f i sh  and  w i l d l i f e  p ropaga t i on  use  des igna t i on  a l so
means  enhanced  eco log i ca l  d i ve rs i t y  o f  R i ve r  1  be tween  C i t i es  A  and  B .
These benefits are not quantifiable at the present time but would include more
diverse f lora and fauna, enhanced diversity of f ish species, and other related
elements. Note:
nonquanti f iable"

These benefi ts wi l l  be l isted in the pol icy array as "posit ive
(see Chapter 2 on intangible benefi ts),  al lowing the decision-

makers to better focus on these questions. In some cases, in fact,  i t  may be
possible to list specific species that the new use will add or preserve.

F. Benefits of Improved Navigation

Although achieving the designated use may also benefi t  navigation
in River 1, indicat ions are that the magnitude of these benefi ts is negl igible.
Thus, no attempt wi l l  be made to quanti fy them (see Chapter 3 on measuring
benefits to firms).

G. Nonuser/Nonuse Benefits

In addit ion to recreation in or near the water by current users, in-
tr insic benefi ts--opt ion values, existence values, and aesthetics--may account
for  impor tant  benef i ts  o f  improved water  qua l i ty .  Opt ion va lue re fers  to  the
value current and potential users place on having the option to use the water
resource at some future time. This value is assigned to the resource because
there is some uncertainty regarding i ts future avai labi l i ty or regarding future
demand. Existence benefi ts are measured by the value people place on ac-
t ions that ensure a resource is (or wi l l  be) there, regardless of their actual
or potential  use. This is sometimes termed vicarious enjoyment or attr ibuted
to a bequest motive. Aesthetics refer to beauty that may be appreciated by
users and/or those who reside or travel nearby.

Many unresolved issues exist concerning the inclusion and valuation of
intr inisic benefi ts. For example, there is not yet any agreement on whether
aesthetics should be included in intr insic benefi ts or measured separately or
indeed, whether  they be measured at  a l l . T h u s , in t r ins ic  benef i ts  are  in-
c luded in  th is  assessment  as  “pos i t ive  not  quant i f ied”  (see the cont ingent
valuation case study in Chapter 3, which highl ights an approach for quanti fy-
ing and monetizing these benefits.)
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H. Estimate Benefits That Will Accrue in Future Years

Assume that River 1 recreation benefits will remain constant for the
25-year  l i fe t ime used for  the analys is . Th is  is  probably  a  conservat ive as-
sumption because, with visi t  rates staying the same, any populat ion growth in
the area would lead to more recreation (unless congestion becomes a problem).
Th is  growth  is  o f fse t ,  however , by  o ther  impor tant  fac tors  such as the in-
f l uence  o f  subs t i t u t e  s i t es  t ha t  a re  exc l uded  f r om the  es t ima t i on  mode l s .
Thus, each benefi t  est imate can be considered to be a constant stream over
the project lifetime.

IV. Value the Detrimental Effects Based on Opportunity Costs and Calculate
Economic Impacts

A . Calculate Increased Capital and Operating Costs for Model Steel
Plant

Step 1

Determine avai labi l i ty of data sources (see Chapter 4 for detai ls on
likely sources of cost data).

Step 2

Use the model  p lant  technique d iscussed in  Chapter  4  a long wi th
the wasteload allocation to estimate the capital costs of achieving the fish and
wildlife propagation use designation. A related study of pol lut ion controls for
steel plants suggests that the technologies shown in Table 6-3 will be needed
to meet the regulat ion. Two steel plants correspond closely with the model
plants; two are about 3/4 the size assumed for the plant; and 1 plant is 1-1/4
t imes larger than the model plant. Table 6-4 shows capital cost estimates for
these plants.

Table 6-3. Capital Equipment and Cost for Model Plant
to Meet Regulation

Capital equipment Cost (million $)

Wastewater discharge treatment pond 1.2
Water integrated flow system 1.6
Pretreatment and handling system 1.2
5 segments 30" piping 2.0

Total 6 . 0

Step 3: Calculate Operating Costs

A s s u m e  f o r  t h e  m o d e l  p l a n t  a n a l y s i s  t h a t  o p e r a t i n g  c o s t s  a r e
roughly 0.05 of capital costs per year for the l i fe of the plant, regardless of
the s ize o f  the p lant . Using this est imate and the capital  costs from Table
6-4, calculate:
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Table 6-4. Estimated Capital Costs

Number of plants

2

2

Total estimated capital
Percent of model plant cost (million $)

0.75 9

1.00 12

1 1.25 7.5

Total 5 28.5

Operating costs/year = 0.05 x $28.5 million = $1.4 million/year.

The problem of converting costs into comparable measures is addressed in
Chapter 4.

B. Calculation of Capital and Operating Costs for City B

To meet the requirements of the designated use of fish and wildlife
propagation, City B will have to add an advanced waste treatment plant for
its sewage wastes. Capital and operating costs can be calculated using the
model plant method for advanced waste treatment (see Chapter 4).

Step 1

Determine availability of data on costs of advanced treatment plants
(see Chapter 4 for details on availability of data on advanced treatment
p lants) .

Step 2

Determine additional capacity needed for the advanced waste treat-
ment plant. Assume that the facility is to provide for maximum daily flow
equal to two times expected average daily flow. (This information would come
from a City B sewer study, for example.) The additional advanced waste
treatment capacity required is 60 Mgal/d.

Step 3:

Table 6-5 shows the capital cost estimate resulting from the model
plant approach.

Table 6-5. Cost of Treatment Plant, City B

Plant capacity Capital cost

60 Mgal/d $5 million
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Step 4

Use the model plant to est imate
studies 10 percent of capital  costs can be
for  Ci ty  B:

Operating cost = Capital cost x

$500,000/yr = 5 million x

operat ing costs. Based on other
used to represent operat ing costs

operat ing cost factor

0.10.

C. Perform Plant Closure Analysis to Assess Impact of Regulation
on Plant Operations

The plant closure test provides a straightforward assessment of the
impact of the regulat ion fol lowing the rules of thumb referred to in Chapter 2
for plant closures. There is considerable uncertainty involved in actual plant
closure decisions, so this appraisal wi l l  give a benchmark rather than a com-
plete determination of plant closures.

Step 1

Determine data avai labi l i ty (see Chapter 2 and Chapter 4 on f inan-
cial data sources that are needed for this test).

Step 2

Determine opportunity cost of capital and average l iquidation value
to the two steel companies that own the f ive steel plants along River 1. Use
these  es t ima tes  i n  t he  f o l l ow ing  f o rmu la  t o  de te rm ine  t he  c r i t i ca l  r a te  o f
return for closures:

Average l iquidation value (m) x opportunity cost of capital (r)
= cr i t ical rate of return for closure

American Steel: m x r = cr i t ical rate of return

0.50 x 5 percent = 2.5 percent.

Riverton Steel: m x r = cr i t ical rate of return

0.60 x 6 percent = 3.6 percent.

Step 3

Compare cr i t i ca l  ra te  o f  re turn  wi th  p lant ’s  ra te  o f  re turn  on re-
placement cost with the regulation to determine potential closure candidates:
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American Steel: Ra te  o f  r e tu rn  vs . cr i t i ca l  ra te  o f  re turn

5 . 0  p e r c e n t  v s . 2.5 percent.

Riverton Steel: Ra te  o f  r e tu rn  vs . cr i t i ca l  ra te  o f  re turn

4 . 8  p e r c e n t  v s . 3.6 percent.

Based on th is  s impl i f ied  tes t  us ing ru les  o f  thumb,  there are  no c losure
impacts. I f  closure were indicated, more detailed calculations and data would
be needed to assess the issue more thoroughly. Volume II  wi l l  address these
more detailed comparisons.

D. Perform Profit Reduction Test

Another test to assess the magnitude of the impact of the regulation
on companies is the prof i t  reduct ion test. A simpl i f ied version of this test is
illustrated below.

Step 1

Determine available data (see Chapter 2).

Step 2

Estimate reduction of prof i ts as a percent of current dol lar returns
for the two steel companies:

American Steel: 5 percent reduction in current dol lar returns.

Riverton Steel: 8 percent reduction in current dol lar returns.

These reductions are both relat ively small  impacts, so no addit ional calcula-
tions are needed.

E. Determine Impact on Households in City B

Another issue in the impact assessment is who bears the cost of ad-
vanced treatment. Issues that will need resolution include the following:

Does  C i t y  B  rece i ve EPA ass is tance for  the advanced t reatment
plant? I f  so ,  t he  c i t i zens  o f  C i t y  B  and  a l l  U .S .  t axpaye rs  bea r
the cost impacts. If not, only residents of City B bear them.

Wil l  future costs be incurred by the residents of City B when these
costs are passed along?

For  purposes o f  i l lus t ra t ion, no advanced treatment assistance from EPA is
assumed.
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Step 1

Determine avai lable data (see Chapter 2 on municipal waste treat-
ment cost impacts for more on available data).

Step 2

Determine impact of increased cost on residents of City B. Sewage
costs wi l l  increase an average of $15 per year per household for residents of
C i t y  B .

V. Compare Total Benefits and Costs

A . Check for Less Than Fully Employed Resources

Volume I I  w i l l  p resent  gu ide l ines on determin ing whether  money
costs overstate true social costs due to the presence of significant unemployed
resources. Assume the review shows that unemployment equals 5 percent in
both City A and City B and that a major percentage of materials comes from
outside the area. There are no problems with overstating costs in this case.

B. Discounting Benefits and Costs

This is a crucial  step in the process of assembling the benefi t-cost
assessment. There are several key steps to be performed (see Chapter 2 for
detailed treatment of these steps).

Step 1

Selec t  d iscount  ra te  for  conver t ing fu ture  benef i ts  and costs  in to
present values. OMB guidel ines for regulatory impact analyses recommend a
real discount rate of 10 percent. Th is  seems h igh for  a  rea l  ra te  that  re-
f l e c t s  e i t h e r  t h e  o p p o r t u n i t y  c o s t  o f  c a p i t a l  o r  s o c i e t y ’ s  p r e f e r r e d  r a t e .
Thus,  a  range of  ra tes  should  be used, with 10 percent on the upper end,
and the sens i t iv i ty  o f  resu l ts  should  be compared to  the d iscount  ra te .  A
social rate of t ime preference procedure suggested in Chapter 2 is i l lustrated
in Step 2 below.

Step 2

Discount annual monetized benefits into present values.

Annual Monetized Benefits

million $

Fishing 1.55

Swimming 0.75

Near water 1.5 to 2.4

Total 3.8 to 4.7
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Since the benefi t  amounts are constant across t ime periods, to convert mone-
t ized annual benefi ts into present value equivalents, use the fol lowing formu-
la. I t  calculates the present value (P) of a stream of annual benefi ts (A) for
n years (assumed project life is 25 years) and interest rate (i):

Table 6-6 shows the present values of benefi ts calculated with discount rates
ranging f rom 2 to  10 percent . Monetized benefi ts range from roughly 35 to
92 million 1981 dollars.

Table 6-6. Present Value of Benefits

Discount rate
(percent )

2

Present value
of benefi ts
(mil l ion $)

74.2 to 91.8

4 59.4 to 73.4

6 48.6 to 60.1

10 34.5 to 42.7

Step 3

To s impl i fy  mat ters , assume that al l  the capital  costs are incurred
in 1981, so that they are already present values. Based on the Lind proce-
dure, these displaced private investments by the steel companies are mult i-
plied by the shadow price of capital - -1 .9 .  The cap i ta l  costs  for  C i ty  B t reat -
ment plant are assumed to displace consumption (so they do not need adjust-
ing by the shadow price of capital).

The next task is to translate the stream of operat ing costs into a pres-
ent value equivalent. The operat ing costs are assumed to be displaced ex-
penses for  the f i rm and therefore do not  requ i re  ad justment  by  the shadow
price of capital. These expenses represent displaced consumption and are dis-
counted a t  the soc ia l  ra te  o f  t ime pre ference. Th i s  can  be  done  w i t h  t he
same formula as above:
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P = A

where A is now a constant stream of annual operating costs. Table 6-7 shows
the present value of operat ing costs calculated with the same range of dis-
count rates used in the benefits calculation.

Table 6-7. Present Value of Operating Costs

Discount rate
(percent )

Present value of
operat ing costs

(mil l ion $)

2 37.1

4 29.7

6 24.3

10 17.2

Table  6-8  shows the present  va lue o f  to ta l  pro jec t  costs ,  wh ich range
from 76 to 96 million 1981 dollars.

Table 6-8. Total Project Costs

Discount
rate

(percent ) Capitala Operating
Total

(million $)

2 59.2 37.1 96.3

4 59.2 29.7 88.9

6 59.2 24.3 83.5

10 59.2 17.2 76.4

aPrivate capital costs of the steel companies are adjusted
by shadow price of capital.

Note: Even i f  EPA assistance is received for plant construct ion, the society
s t i l l  incurs  roughly  the same costs  because these EPA funds would  be d i -
ver ted f rom the i r  next  best  a l ternat ive  use. There would perhaps be some
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difference because Federal and local dol lars might have dif ferent forgone op-
portunit ies, but the dif ference is probably minor for purposes of this assess-
ment.

Table 6-9. Benefits and Costs of Attaining Fish and Wildlife
Propagation Use Designation

Cost/benefi ts Quant i ty
Monetary value

(mil l ion $)

Benefits

Recreation
(f ishing, swimming,
near water)

Not quanti f ied 35 to 92

Enhanced ecological
d i ve rs i t y

User /nonuse-- in t r ins ic
benefits to users and
nonusers

Not quanti f iable

Not quanti f ied
for  th is  s tudy

Not monetizable

Not monetized
for  th is  s tudy

Costs

Capital and operating
(F i rms;  Ci ty  B)

Environmental

Not relevant

None

76 to 96

0

V I . Assess the Plausibility of Total Benefits and Costs

To assess the plausibi l i ty of benefi ts and costs, construct an array and
compare them. For example, Table 6-9 is an array showing both the benefi ts
and the costs of attaining the f ish and wildl i fe use designation. The ranges
of monetized benefi ts and monetized costs overlap, nonmonetized benefi ts are
posit ive, and there are no nonmonetized costs. The upper end of the monet-
ized benef i ts  is  s l ight ly  less than the upper  end of  the range of  monet ized
costs. The lower end of the monetized benefi ts is considerably less than the
lower end of the cost range. Thus, the use designation decision would have
to consider whether the intr insic benefi ts and nonquanti f ied, enhanced ecolog-
ical diversity are greater than the dif ference between lower benefi ts and cost
bounds. When  t he  sugges ted  2  pe rcen t  soc ia l  r a te  o f  t ime  p re fe rence  i s
used, the monetized benefits are approximately equal to costs.

Table 6-10 shows expected benefits from the use designation change and
their distr ibut ion among area residents and visi tors. In some instances, de-
scribing the distr ibution of benefi ts among more narrowly defined groups may
be des i rab le .  For  example, assessments involving a r iver segment that forms
the boundary between two States may require more precise distr ibution infor-
mation because the political issues are more complex when more than one State
is involved.
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Table 6-10. Distribution of Benefits and Costs

Benefi t /cost Dis t r ibut ion

Recreation Users of River 1--primari ly recreators
from City A and City B

Enhanced ecological
d i ve rs i t y

To some extent same as above, but
probably accrues to society as a whole
including future generations.

Nonuse/nonuser
benefi ts

Res idents  o f  r iver  bas in .  V is i t ing
recreators who have bequest motive
for future generat ions.

Navigation Shippers, boat owners, purchasers
of materials shipped along r iver.
Small magnitude in this study.

Increased operating and
capital cost for steel
plants

American and Riverton stockholders
to the extent the costs are not
passed on to customers. Given the
elasticity of demand for steel and
market shares of these firms, some
costs will be passed on to users of
steel products. U.S. taxpayers may
also bear some costs because of special
depreciat ion treatment for pol lut ion
control expenditures.

Capital and operating
costs of advanced
treatment plant

$15 per user of water and sewer
service in City B. This may be
lower i f  construct ion grant is obtained;
then U.S. taxpayers wil l  share in
the burden.

To gain addit ional perspective on the distr ibut ion of benefi ts and costs,
the breakdown of  recreat iona l  benef i ts  by  d i f ferent  income groups is  shown
below:

Income ($) Benefi ts (percent)

0 to 10,000 15
10,000 to 20,000 25
20,000 to 30,000 35
30,000 to 40,000 20
40,000+ 5

In this example, 75 percent of the benefits accrue to households with incomes
of less than $30,000/year. Decisionmakers may view this use change as more
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desirable because of i ts larger share of benefi ts going to low and middle in-
come groups.

The expected costs of the programs also are arrayed in Table 6-10. The
basic economic principle underlying the distr ibution of the industr ial  operating
and capital  cost is the responsiveness of demand for the industry’s or f i rm’s
p roduc t s - - t he  l a rge r  t he  respons i veness o f  q u a n t i t y  d e m a n d e d  t o  p r i c e
changes, the smaller wi l l  be the abi l i ty of the f irm or industry to pass along
cost increases to i ts customers. The  s tockho lde rs ,  wo rke rs ,  and  o the r  r e -
source suppl iers to the f i rm wil l  have to bear the cost increases that are not
passed along through lower dividends or reduced wages. For the steel f i rms
in this example, the degree of sales responsiveness to price changes wil l  be
inf luenced by their share of the market, the demands for products which use
the type of  s tee l  produced, compet i t ion  f rom fore ign sources o f  s tee l ,  and
competition from substitutes (aluminum).

The municipal waste treatment costs likely will be borne by the residents
o f  C i t y  B . Residents wi l l  include current residents and future residents who
move, or are annexed, into the ci ty’s water or sewer service system. I f  the
city receives a Federal construct ion assistance grant, then the largest share
of  the cap i ta l  costs  is  d is t r ibuted among a much larger  group-- the Federa l
taxpayers.

This example shows how distr ibut ion issues are integrated with the other
steps in the assessment process.. They are descr ibed and l is ted but  do not
affect the measurement of ei ther benefi ts or costs. Final ly, the exact nature
of the distr ibut ion descript ions wil l  depend on the complexity of the issues in
the assessment itself.

6 .5 SUMMARY

The strength of benefit-cost assessment is its ability to consist-
ently organize information for a wide range of applications.

Qualitative assessments, us ing  p r ima r i l y  desc r i p t i ve  i n fo rma-
t ion , are suff icient in many water qual i ty appl icat ions because
of the sizes of potential benefits and costs.

D e f i n i n g  t h e  w a t e r  q u a l i t y  a c t i o n  t o  b e  e v a l u a t e d  i n  t h e
benefi t-cost assessment determines the basel ine and suggests
the level of complexity in the assessment.

T rans la t i ng  e f f ec t s  o f  a  wa te r  qua l i t y  ac t i on  i n to  bene f i c i a l
outcomes and costs requires an understanding of the l inkages
between each element.

Valuing beneficial  effects should be based on individual ’s wi l l -
ingness to pay for them.

Va lu ing  de t r imen ta l  e f f ec t s  shou ld  be  based  on  oppo r tun i t y
cost to society of the effects.
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Compar ing to ta l  benef i ts  and to ta l  costs  may invo lve qual i ta -
t ive ,  quant i ta t ive , or monetized information.

Assessing the plausibilty of benefits and costs may involve test-
ing the sensit iv i ty of assumptions made in est imating benefi ts
and costs, or in selecting a discount rate.

Descr ib ing the d is t r ibut ion o f  benef i ts  and costs  may prov ide
valuable data for the decisionmaker.
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