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CHAPTER |11

WATER POLLUTI ON CONTROL BENEFI TS

I nt roducti on

The purpose of this chapter is to review and evaluate esti-
mates of national danages due to water pollution and of the bene-
fits of federal water pollution control policy, and to arrive at
sonme judgnment as to the magnitude of benefits likely to be real-
ized in the inplenmentation of the Federal Water Pollution Contro
Act anendnents of 1972 (FWPCA-72). This law calls for all indus-
trial dischargers to have controlled their discharges consistent
with the best practical treatnent methods (BPT) by 1977 and
further to achieve the best available treatnent technol ogies
(BAT) by 1983. Muni ci pal treatnent systens are to neet simlar
requi rements, secondary treatnent by 1977 and the best practi-
cabl e waste treatnent technol ogy by 1983. 1

The BPT and BAT requirenents apply to point sources of pol-
lution. The principal nechanism for dealing w th nonpoint
sources of pollution such as erosion and agricultural and urban
runoff is the requirenment for the "devel opnent and inplenenta-
tion of area-wi de waste treatnment nanagenent plans" as required
by Section 208 of the FWPCA-72. Estimation of the benefits of

controlling nonpoint sources is made difficult both because of

L amendment s to the Act passed in 1977 allow for nodifications of
the BAT requirenents and for various extensions of the 1983 dead-
line for BAT for industry.



- 142 -

the lack of information on the effects of nonpoint source poll u-
tants on water users and because of the difficulty in predicting
the degree of required control which is likely to enmerge from the
Section 208 planning process. The benefits of nonpoint source
control will not be covered in this report.

Ideally one would like to be able to derive estimates of the

increnental benefits achieved by conpliance with each stage of the

FWPCA-72, that is, for BPT in 1977 and BAT in 1983. However there
are several problens in deriving estimates of increnental benefits
from the studies and the data presently avail able. First, the
FWPCA-72 are not the first effort to control water pollution.
Rat her they represent a major change in federal and state policies
which were established in 1965 and which were having sone effect
on water quality as inplenmentation slowy proceeded. Although
there were substantial weaknesses in the 1965 law, especially with
respect to incentives and the enforcenent effort, it is likely
that there would have been sone inprovenent in water quality after
1972 even w thout the new anendnents. Several of the studies re-
viewed in this chapter take 1972 water quality levels as the
starting point for estimating the benefits of achieving full com
pliance with the standards established under the FWPCA-72. These
studies are likely to overestimate the increnental benefits asso-
ciated with the Act, since they attribute all of the subsequent
i nprovenment in water quality to the FWPCA-72.

A second set of problens concerns how to determne the incre-

mental benefits attributable to the inplenentation of each stage
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of the FWPCA-72. First, if the benefit function is nonlinear,
its exact form nust be known in order to determne what portion
of the total benefits can be attributed to achieving the BPT
standards of 1977. Furthernore, the relative stringency of the
1977 and 1983 standards varies substantially across polluting
substances and for any substance across industrial categories
Thus there is no sinple aggregate relationship between the degree
of control which was to be achieved in 1977 and that to be ex-
pected in 1983. Rat her an anal ysis mnust proceed on a case-by-
case basis looking at individual pollutants and industries. Only
one of the studies reviewed here (Unger, 1975) attenpted to make
separate estimates of the benefits of inplenenting each stage of
the Act. Except for this, we nust be satisfied with estimtes of
the benefits of full conpliance with the Act.

Some of the studies have attenpted to estimate benefits of
i nprovenent from sone base year, say 1972. Qhers have focused
on the damages due to pollution levels actually experienced in
1972. There are at |east two reasons why estinmates of damages
m ght be taken as upper-bound estimates of the benefits of full
conpliance with the 1983 standards. First, these standards cal
for strict control of discharges and in sonme cases will result in
the elimnation of certain types of discharges. And second, if
the benefit function is nonlinear, that is, the first clean-up
efforts produce the largest benefits, the bulk of benefits wll
have been achieved (and damages avoided) as the 1983 standards

are approached and att ai ned.
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W will proceed by estimating benefits by category of ef-
fects. In contrast with the air pollution benefits, there are
substantial differences anong the studies reviewed here in the
way effects and benefits are classified. | have chosen to

classify point source pollution control benefits in the follow ng

manner :

1. Recreation

These are benefits to individuals who actually use water-
ways for recreational activities such as fishing, swm
m ng, boating, or water fow hunting. This category

should also include activities such as hiking, picnicking,
and nature observation which are frequently engaged in
near water bodies. However, none of the studies reviewd

here attenpted to estimate benefits to these activities.

2. Nonuser Benefits

This category includes anenity, aesthetic, and ecol ogical
benefits which are not directly associated with activi-
ties on or adjacent to the water body or wth diversion-
ary uses of the water. This category could also include
preservation benefits, option values, and changes in
property values which reflect households' wllingness to
pay to be near high quality water bodies.

3. Diversionary Uses

a. Drinking water and health: To the extent that point

sources of pollution result in chemcal, bacterial, or

viral contam nation sources of drinking water, control-

ling that pollution may reduce risks to human health.
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b. Treatnent Costs for Minicipal Water Supplies: Pol | u-

tants present in intake water may force suppliers to
i ncur higher treatnent costs for reasons other than
or in addition to, the protection of health

c. Household Benefits: To the extent that point sources

of pollution affect water hardness, costs to house-
hol ds could be reduced by controlling these substances.

d. Industrial Treatnment Costs: Control of pollution may

reduce costs of treating industrial process and cool -
ing water.

4. Commercial Fisheries

Where pollution has reduced the biological productivity
of fisheries or resulted in the closure of shellfish beds
and other fishery resources, abatenent can result in in-
creased producer rents and/or |lower prices of fisheries

products to consuners.

Recreati on

It will be helpful first to review the conceptual basis
for defining and nmeasuring the benefits of inproved water quality
for recreationists. Consider a single recreation site such as a
| ake, park or wilderness area. There is a demand function for
the use of this recreation site which relates the quantity of
recreati on services denmanded, neasured in recreation days, to the
price of these services incone, and other socioeconomc vari-
ables. This demand function can also be interpreted as a margin-

al willingness to pay or inverse demand function, relating the



- 146 -

margi nal value of a recreation day to the quantity of recreation
days. An inverse demand curve can be plotted holding income, the
prices and availability of substitutes, and the quality of this
recreation site constant. |n Figure 2, D,y is the demand curve for
visits before water quality is inproved. Suppose the price of
adm ssion to this site is $0A per day. The actual recreationa
use or quantity demanded will be OX »;-. The value of this recrea-
tion site, given the initial water quality, js the consumers' sur-
plus as neasured by area ABC

Assunme that water quality is inproved at this site.
Users would be willing to pay nore at the margin to use this im
proved site at given use levels; and at the given price, use
woul d i ncrease. In economic terns the effect is to shift the de-
mand curve to the right. The new denmand curve is shown by D, -
The net econom c benefit of this inprovenent in water quality is
the increase in willingness to pay as neasured by the area be-
tween the two demand curves, BCED

The net benefit can be divided into two categori es. The
first is the increase in value to those OXl users who were using
the facility even at the original level of water quality. This
is the area BCFD. This area represents their increased wlling-
ness to pay to nmamintain present use rates at this recreation site
rather than do without. In addition, the greater attractiveness
of this site relative to alternative recreation sites and alter-

native consunption activities results in an increase in recrea-

tion days at this site equal to X, - X 1 The net benefit
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associated with this increase in use is the area CEF. This in-
crease consists of both greater use rates by original users and
new users who are attracted to this site by the inprovenent in
water quality.

To inplenment this theoretical approach requires first, a
way of estimating demand functions for a recreation site, and,
second, a way of predicting changes in the demand curve when
water quality at the site changes. O course, the problem of
demand estimation would be straightforward if the norma
practice were to charge an entry fee and if fees varied substan-
tially. But the typical practice for publicly provided recrea-
tion sites is to charge a zero price or only a nomnal entry
fee. Wthout variation in the entry fee, it is not possible to
estimate demand functions through normal econonetric procedures.
However, it may be possible to infer how a given group of people
woul d respond to changes in the entry price by examning data on
how different groups of people respond to differences in nonetary
travel costs. This is the basic hypothesis of the so-called
O awson- Knetsch (G- K) travel cost nethod of demand esti mation. 2

It nust be enphasized that the CGK nethod is site-specific,
that is, it yields a demand function for a specific recreation
site rather than for recreational activities in general. The

site demand is a derived demand and depends on the ability of ¢he

Zpor an expl anation of the G K nethodology and a discussion of
problenms in its application to estimating water quality benefits
see Freeman (1979), Chaster 8.
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site to "produce" the desired activities. Wile this my reduce
the usefulness of the CK nethod for sone purposes, for exanple,
predicting total recreation activity over tinme, it is precisely
the site-specific nature of the nethod which nakes it attractive
for estimating the economc value of water quality inprovenents
for particular water bodies. The C K approach cannot be used to
estimate the demand function for generalized recreation experi-
ences aggregated over sites.

The so-called participation nodel is an alternative ap-
proach to the analysis of recreation and water quality benefits
which involve less stringent data requirenents, assunptions, and
estimation procedures than the CK technique. The approach is to
estimate reduced form equations relating participation in speci-
fic recreation activities by a given population to the socio-
econom ¢ characteristics of that population and to the supply and
quality of recreation opportunities available. These less strin-
gent data requirenents can be considered advantages, but they en-
tail the loss of ability to infer values from the enpirical
anal ysi s.

If reduced form popul ation-specific participation equa-
tions can be estimated, it would be possible to predict the in-
crease in participation to be expected wth an increase in the
supply of recreation opportunities or with an inprovenent in
anbient water quality. If the value of a recreation day of a
particular type could be inferred from other sources, then one

conponent of recreation benefits can be estimated by nultiplying
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the increase in recreation days by the assuned val ue per day.
However this would not capture the increased utility associated
with the pre-existing level of use, that is, the area BCFD in
Fi gure 2. This omtted conmponent of benefits could be quite im
portant.

A participation nodel of this type was used by Davidson,
Adans, and Seneca (1966) to predict the increase in water recre-
ation attributable to inproving water quality in the Del aware
Estuary. These authors used data from the 1959 Nationw de Cut-
door Recreation Survey to estimate regression equations for
participation in boating, swinmng, and fishing. The avail abi |l -
ity of water for recreation was neasured by the area in acres of
water of recreational quality within the study area. These area
variables were significant in the estimated regression equations.
Actual socioeconomc data for 1960 and projected values for
these variables for 1975 and 1990 were conbined with the esti-
mated reduced form equations to predict recreation activity
levels in the 11 county area around the Del aware Estuary for
those years. The variables for availability of water area were
those actually observed at the tinme of the study, excluding the
Del aware Estuary itself. This gave an estimate of recreational
activities over time assumng that degraded water quality in the
Estuary prevented recreation there.

Then it was assuned that the water quality of the Del anare
woul d be inproved sufficiently to allow water-based recreation in

the Estuary. In other words, an inprovenment in water quality was
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assuned to be equivalent to an increase in the area of water
available for recreation, in order to nake use of the information
contained in the reduced form equations. The projected increase
in the availability of water area was used to predict new |levels
of recreational activity. The difference between the "wi th" and
"without" predictions was attributed to the water quality inprove-
ment . Davi dson, Seneca, and Adans did not enploy a unit value or
shadow price for recreation days to conpute benefits. Rat her
they conmputed the unit value which would be required to nake
benefits equal the costs of control. A value of $2.55 per day in
1959 dollars was sufficient to nake benefits equal costs. Wat er
quality entered the analysis only through a judgnment as to

whet her or not river waters were suitable for recreation. Fac-

tors such as variation of water quality within the Estuary, dif-
ferences in the aesthetic attributes of the shoreline and sur-
rounding areas at different points in the Estuary, and problens
of access to the water played no role in the nodel

The participation approach could be used either to predict
the changes in recreation at a point in tine, or, as in the case

of the Davidson, Adans, Seneca study, to nake projections of

changes in recreation over a long span of tine. In the latter
case, estimates are subject to all of the kinds of limtations
inherent in long-term econom c projections. In particular,

these projections ignore the possible effects of changing tastes,
increasing incone, leisure tinme, and the jnpact of inproved
opportunities on participation rates through the "learning by

doi ng" phenonenon.
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This technique for relating water quality to recreation be-
havior is only as good as the data contained in the survey in-
strument. The survey data nust include information on the
availability of recreation opportunities including type of water
body, indicators of water quality, other site characteristics
such as facilities and inprovenents, and accessibility. |geally
the survey should record not only levels of participation but
sone neasure of the costs of travel from the residence to the
recreation site actually chosen.

The National Comm ssion on Water Quality comm ssioned four
studies of benefits, three of which included various conponents
of recreation activities. Each study estimated the benefits of
inmproving water quality from 1972 levels in 1980 and in 1985, the
latter assumng full attainment of the objectives of the FWPCA-72.
In each case the estinmates were based on projections of popula-
tion, income, and other variables to the relevant year.

One of these studies, carried out by the National Planning

Association (1975), utilized a recreation participation nodel

to estimate the increase in participation in fresh water fishing
and boating that mght be attributed to projected inprovenents in
water quality. These were the only activities for which the avail-
able data permtted the estimation of the relationship between par-
ticipation and water quality. The data were from the National
Recreation Survey of 1970.

On the basis of the estimated relationship between participa-

tion and water quality, the National Planning Association predicted
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that participation in boating would increase by between 50 and 115
mllion activity days per year by 1985. Fresh water recreational
fishing was predicted to increase by between 26 and 67 mllion days
per year by 1985. NPA then applied unit values of $12.12 and $10. 06.
per day in 1978 dollars to boating and fishing activities respec-
tively. The sanme technique was used to estimate increases in ac-
tivity levels for the year 1980. The results are shown in Table 10.

It should be noted that is nethod will lead to an underestimate

of total benefits for two reasons. First, sone water based acti-
vities such as water skiing, canoeing, and sailing have been
omitted due to lack of data. And second, this technique captures
only those benefits accruing to additional participation, and
negl ects benefits due to increased utility for existing partici-
pants. As indicated before, this omssion could be significant.
The second study, by Battelle Menorial Institute (1975),
predicted the change in swmmng participation in the US. on the
basis of the reduction in mles of public beaches closed to swm
m ng because of coliform bacteria contam nation. It was esti-
mated that about 13% of the total mles of |ake, river, and ocean
beaches in the U S. were closed to swiming either permanently or
periodically because of water pollution under existing condi-
tions. The study attenpted to distinguish between net increases
in swinmming activity and activities diverted from other beaches
because of changes in the availability of swimming sites. The
former were valued nore highly ($3.03 per day versus $1.09 per
day in 1978 dollars). The benefits associated with 1980 |evels

of water quality, population, income, etc. were estimated to lie
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NATI ONAL RECREATI ON BENEFI TS AS ESTI MATED FOR THE
NATI ONAL COW SSI ON ON WATER QUALI TY

(in 1978 doll ars)

MIlions of

1980
Fresh Water Recreational $264-  $639
Fi shing (National Pl anning
Associ ati on)
Boating (National Planning 371- 842
Associ ati on)
Swi mmi ng at Public Beaches 173- 571
(Buttelle Menorial Institute)
Mari ne Recreational Fishing 2,459
(Bell and Canterbery)
Total s $3, 266- $4, 511
Sour ce: Nati onal Conmm ssion on Water Quality (1976),

dollars Per Year
1985
$267- $677
603- 1, 399
191- 631
3, 997

$5, 058- $6, 705

p. 111-286.
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between $173 and $571 mllion per year, in 1978 dollars. 1985
benefits were estinmated to lie between $191 and $631 mllion per
year.

The third study, by Bell and Canterbery (1975), estinmated
the inpact of changes in water quality on marine fisheries, both
recreational and comercial. The results for comercial fisher-

ies will be discussed below. Bell and Canterbery used secondary
data to derive relationships between water quality and biol ogica
productivity, and between productivity and the nunber of partici-
pants and days of sports fishing. The estimates covered ten
species of fish and shellfish on the East Coast, @lf Coast and
West Coast. A household production function nodel was used to
derive a relationship between expenditures on fishing (for ex-
anple, gear, travel, etc.) and the consumer surplus associated
with the activity. Time as an input was valued at the foregone
wage rate. This will lead to an overestinmate of benefits if the
true opportunity costs of tinme is less than the wage rate. In
fact some evidence suggests that the opportunity cost of tine
outside of the work place nay be only one-quarter to one-third
of the wage rate.3
Bell and Canterbery estimated that inplenentation of the
FWPCA- 72 would lead to increases in marine sports fishing val ued
at $2.46 billion per year in 1980 and at $4.0 billion in 1985,

both in 1978 dollars. These figures are also shown in Table 10.

35ee Freeman (1979), pp. 204- 2009.
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Adding the four conponents of recreation benefits covered by the
Nati onal Conmmission on Water Quality Studies gives total benefits
in 1980 of between $3.3 and $4.5 billion. The range for 1985 is
between $5.1 billion and $6.7 billion per year.

Heintz, Hershaft, and Horak (1976) estinmated the national
damages (or benefits lost) due to water pollution to four recrea-
tional activities, fishing, boating, swimmng, and water fow
hunt i ng. Estimates were derived for 1973. The data on recrea-
tion activity levels canme from the 1970 surveys by the Bureau of
Recreation and the U S. Fish and Wldlife Service. Activity

level s were projected to 1973 on the basis of population grow h.

The explanation of their technique will be framed in ternms of the
benefits of elimnating water pollution. W wll go into their
technique in sonme detail in order to show some of the problens

that arise in attenpting estimates of national benefits from the
avai l able data. These problens include very limted information
on the relationships between changes in water quality and recrea-
tion activities and on the value of recreation as a function of
water quality, and the difficulties in extrapolating from limted
data on narrowmy defined regions to national estimates.

The benefit neasure derived by Heintz, Hershaft, and Horak
has three conponents: a travel cost savings for existing recrea-
tioners as nore accessible sites becone available, an increase jn
recreation activity, and an increase in the utility or welfare

associated with the existing level of recreation activity.
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In order to estimate the reduction in travel costs when pol -
lution is elimnated, Heintz, Hershaft, and Horak had to obtain
three key pieces of information. The first is the percentage of
recreationists who shift the location of their recreation activ-
ity as water quality changes. The source of this parameter is a
survey of recreationists in Geen Bay, Wsconsin conducted by

4

Ditton and Goodal e. Recreationers were asked, "Wat would you

do if water conditions deteriorated at the place you do nost of

your boating, fishing, and sw mming?" Possible responses were:

--nove to a location on Geen Bay;

--nmove to a location not on G een Bay;

--stay in same location but participate |ess frequently;
--woul d not bother ne;

--stop participating entirely.

The second key paraneter is the percentage change in travel
cost for those who actually shift. This was apparently derived
from a survey of recreationists at the Rocky Muntain National
Park in Col orado. Respondents were shown photographs of streans
with different water qualities. And asked to indicate how their
plans would vary with changes in stream quality, the study showed
that a given percentage change in water pollution would result in

an approxi mately equal percentage change in distance traveled to

I do not have access to this report. The follow ng description
is based on Heintz, Hershaft, and Horak (1976).
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engage in recreation activities.

The third key piece of information is the changes in water
guality experienced by recreationists across the country.
Heintz, Hershaft, and Horak used a proxy for this a neasure of
the change in the nunber of mles of waterways classified as pol-
| ut ed. Thus the nodel does not treat water quality as a continu-
ous variable but as a dichotonmous variable, that is, polluted or

not pol | ut ed.

These three pieces of information were used in the follow ng

nanner.5 It was assuned that all US. recreationists would re-

spond to a reduction in pollution in the sane way as the Geen
Bay sanpl e. Travel costs per recreation day were taken from the
1970 national surveys of hunting, fishing and recreation. The
percentage reduction in travel costs for those changi ng behavior
was taken from the Rocky Muntain Park survey. And it was as-
sumed that a 41% reduction in polluted stream mles would result
in an equal percentage decrease in total travel by recreationists.

The decrease in travel cost was conputed by mnultiplication as

fol | ows:
Nu.mber.of Travel Percent of Percent
Recreation X Cost . x Recreationists x Reduction
Days Per Day Shifting In Travel
. . * Costs

The second conponent of benefits, that due to the change in
activity levels, was also based on information from the G een Bay

Survey. The percentage responding "stop participating entirely"

5For details of the conputations, see Heintz, Hershaft, and
Horak (1976).
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was taken as a neasure of the change in national recreation acti-
vity levels.

Finally, the estimate of the change in utility was found by
first predicting the proportion of recreationists who would not
move to a different site or stop their recreation. Again, this
was based on the Geen Bay survey. Then, a nonetary value for
this utility loss was assumed. This figure, $5.75 per day in
1973, was taken from the survey of recreationists in the Rocky
Mount ai n National Park.

The results of these calculations show that for fishing and
hunting, the decrease in travel cost is the najor conponent of
estimted benefits; while for boating and sw nmng, the mgjor
benefit cones from increased utility of existing activities.

Over 40% of the total benefits come from fishing;, while water
fow hunting nakes a ninor contribution to the total. Using the
consunmer price index, these figures can be converted to 1978 dol -
lars. Heintz, Hershaft and Horak estimate benefits to lie in the
range $3.7-$18.5 billion per year with the nmost likely point
estimate being $9.2 billion. This works out to just over $40 per
capita for the U S. population in 1978.

This estimate and the conputations on which it is based can
be criticized on the basis of both the use of the data and the
underlying inplicit nodel. There are three major problems wth
using data from surveys such as those from Green Bay and the
Rocky Mountain National Park to estimate national benefits.

First, the nature and magnitude of the change in water quality
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are not specified in the survey questions. The question may con-
jure up quite different pictures of deteriorated water conditions
in different individuals. Thus it is not possible to establish a
quantitative link between a policy which affects discharges and
water quality in a specified way and the responses of recreation-
ists to those changes.

Second, the questions are hypothetical, and there is no
assurance that respondents would behave in the way they said they
would if the postulated changes in water quality actually oc-
curred. Responses to hypothetical questions are nore likely to
be accurate predictors of behavior when the respondent is pre-
sented with an accurate and detailed description of the hypothet-
ical situation. But the vagueness of the questions nakes it |ess
likely that responses will be good predictors of actual behavior

Finally, the surveys are specific to the locations in ques-
tion, and responses are conditioned upon existing water quality
in the survey area, the availability of alternative recreation
sites within that general area, their water qualities, and the
soci oeconom ¢ characteristics of the popul ation. O her parts of
the country will have different availabilities of substitute
sites and different population characteristics. These differ-
ences must be taken into account in devel oping predictions of
t he behavior of the national popul ation.

More fundanental criticisns can be directed at their basic
nodel . Unli ke the nodel of Figure 2, the nodel inplied by their

nmet hod of calculation is based on the demand for participation
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in a recreation activity rather than recreation at a specific
site. The problemis that their treatnent of the roles of site
characteristics and travel cost as determnants of demand is
W ong. Their nodel assunmes a demand curve for the activity con-
ditional on the accessibility and quality of alternative sites.
This is Dy in Figure 3. Travel cost, presumably sone average
across sites, is treated as a proxy for price and taken as given
at P,. This leads to an equilibrium of OXy days of participa-
tion. They argue that an inprovenent in water quality wll shift
the demand curve out, say to Dy . and |lower the average travel
cost, say to P,. If this is correct, then the benefits would be
neasured by the travel cost savings to original participants,
ABHI, plus the consuner surplus to additional days of participa-
tion because of the lower price, GF, plus the utility gain to
original participants because of inproved water quality, CDGH
These three areas correspond to their descriptions of their three
conmponents of benefits.6

Their basic error is to treat travel cost as exogenous and
as determning participation. Rat her realized travel cost per
day of participation is endogenous, being determned by the inter-
actions anong demand for participation, availability of alterna-
tive sites, their qualities, and their distances from the resi-

dences of recreationists. An inprovenent in water quality need

% Their actual conput ation of the second conponent of benefits
does not correspond to the nodel described here. The utility
gain to additional participation is actually conputed as a frac-
tion of the area ABH. They do not offer a clear explanation
for this.
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not decrease travel cost. It could increase it if the inprove-
ment nmade a nore distant site nore attractive than closer sites
being used before the quality change.

The correct nodel of denmand for recreation participation
would treat the demand curve of Figure 3 as an inverse denand
curve. WIllingness to pay would be a function of the nunber and
quality of sites, their location,and travel cost per mle. Speci -
fication and estimation of this demand relationship would be very
difficult since the function nmust fully capture substitution re-
| ati onshi ps anbng sites. The equilibrium would be where margina
willingness to pay, net of travel costs, is zero. An inprovenent
in water quality would shift this curve out. Benefits would be
neasured by the area between the old and new curves.

In sutmmary there are theoretical, and conputational errors
in the Heintz, Hershaft, and Horak approach to estimating bene-
fits. And their nethod places excessive reliance on weak survey
data which is too region specific to be used reliably to estinate
national benefits. Thus their estimates cannot be considered
reliable.

Unger (1975) also estimated national recreation benefits
using substantially the same data and nethodol ogy. The principle
differences were as follows:

--Unger estimated benefits for 1977, 1983, and 1985;

--Unger distinguished between fresh water and ocean sw mm ng

and used an estimate by Tihansky (1974) for the latter;

--Unger included an additional conmponent of benefits for in-

creased activity.
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The benefit estimates for 1977, 1983, and 1985 reflect both
changes in the water quality from the base year (1972) and in-
creases in population and inconme. The additional benefits for
ocean swnmmng are quite small, anmpbunting to only about $0.1 bil-

lion per year in 1985. Unger's total recreation benefits for all

categories in 1978 dollars are:

1977 1983 1985
Range Best Range Best Range Best
$1.9-15.0 $7.0 $3.9-24.1 $12.2 $5.9-32.2 $16. 8
billion billion billion billion billion billion

Because these estimates are based on the same nethod and data
(specifically the Geen Bay survey), they are subject to the sane
criticisnse and limtations as those by Heintz, Hershaft and Hor ak.

There have been two recent estimates of the benefits of im
proving recreation opportunities for specific river basins.

Wiile it is dangerous to extrapolate from one river basin with its
per haps uni que characteristics to the nation as a whole, these
studies may provide sone support for at |east order of nagnitude
estimates of national benefits.

Gramich (1977) used a willingness to pay survey of house-
holds in the Charles River Basin in Mssachusetts to estimte the
benefits of achieving swimmuable quality water throughout that
river. Ganlich's estimate lies in the range of $12.9 to $32.1
mllion per year in 1978 dollars. The best estimate is $22.6

mllion per year. This amounts to about $22 per capita for the
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popul ation within the watershed. If every person in the U S. had
this willingness to pay, national benefits would be about $4.8
billion per year. Ganlich also asked his respondents to state
their willingness to pay for an inprovenent in all rivers in the
United States to swinmmable quality. Extrapolating from these
responses Ganmich estimated that the total benefits to all
Anericans of inproving water quality to the swinmable level in
all rivers would be $1.8 billion per year in 1978 doll ars.

In the second study, Walsh, et al. (1978) showed residents
in the South Platte River Basin of Colorado pictures of streans of
different water quality. Unlike the Charles River, the principa
source of pollution in the South Platte River is heavy netals from
mning and refining activities. Recreation users indicated a
willingness to pay of $64.92 per year for an inprovenent in water
quality which would permt recreation activities. Users were also
asked a question about willingness to pay to preserve of the option
of future use. Responses to this question averaged $25.89 {al
values in 1978 dollars). Since it is conceptually difficult to
di stinguish the option value from the use value for known users,
the best estimate of willingness to pay for users is the sum of
these two--that is, $90.81 per year. This anmounts to $6.03 per
activity day.

Non users were also asked their wllingness to pay to pre-
serve the existence of a natural undegraded waterway and to be-
gueath clean water to future generations. The sum of these re-

sposes averaged to $48.05 per household for non users.
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W have reviewed several estimates of national recreation
benefits based on different nethods and data. Tabl e 11 repro-
duces the benefit estimates for 1985 from each of the three nmajor
studi es by category. Al values are in 1978 doll ars. The Heintz
Hershaft, and Horak danage estimates are included on the assunp-
tion that as a first approximation achieving the 1985 objectives
will mean elimnation of the adverse effects of pollution. In
this respect they may tend to overestimate true benefits. But
these estimates are biased downward in conparison with those of
the National Conm ssion on Water Quality and Unger in that they
do not reflect the influence of population and income growth on
recreati on behavior and potential benefits.

These estinmates span a range from approximately $1.8 billion
per year (Ganmich's estimate of the benefits of achieving swim
mable waters) to $32.2 billion per year (Unger's upperbound esti-
mate for 1985). W turn now to devel oping synthesis estimates in
each category.

The National Conm ssion on Water Quality made separate esti-
mates for fresh water and nmarine sports fishing while Heintz,
Hershaft, and Horak, and Unger estimated aggregate fishing bene-
fits. These latter studies used faulty method and poor data, so
their estimates nust be discounted. The Conmission's estimate
for fresh water is based on a recreation participation nodel
whi ch captures only the benefits to new activity. Addi ng bene-
fits to existing users could double the estimte. The Conmi s-

sion's |lower bound and nost likely point estimate (the m dpoint



Table 11

Benefits By Category For 1985
(in billions of 1978 dollars per year)

Hei nt z,
Her shaf t
and Hor ak Unger
Range (Best Range (Best
Esti mat e) Esti mat e)

Fresh Water Fishing -
$1.8-7.5 (4.0) $2.5-15.1 (7.8)
Marine Sports Fishing

Boat i ng $1.0-5.2 (2.5) $1.1-7.5 (3.5)
Swi mmi ng $.8-5.4 (2.6) $2.2-8.9 (5.1)
Water Fowl Hunting $.1-.4 (.2) $.1-.7 (.4

165 -

Nat i onal
Conmmi ssi on
On Water
Quality

$.3-.7

4.0

$.6-1.4

$.2-.6

(no
esti mat e)
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of their range) should be doubled to reflect this. | place the
upper bound estimate at $4.0 billion per year to give some weight
to range of estimates provided by Heintz, Hershaft, and Horak
and Unger. Benefits to fresh water recreational fishing are
judged to be in the range of $0.6 to $4.0 billion per year in
1978 dollars. The nost likely point estimate is $1.0 billion per
year.

In developing the estimate of marine sports fishing benefits
for the National Conmission on Water Quality, Bell and Canterbery
used an unrealistic value of tine. | assume that the true oppor-

tunity cost of time is one-third the wage rate. This affects

only one conponent of their estinate. | assune that the effect
is to reduce their estimate by about 25% Thus the nost likely
point estimate is $3.0 billion per year in 1978 doll ars. | judge

the range to be $2.0 to $5.0 billion per year. This gives sone
weight to the Heintz, Horak, and Hershaft, and Unger estimates
for total fishing.

I judge the National Comm ssion estimates of boating bene-
fits to be based on a nore reliable nodel than the others. How
ever they nust be adjusted to reflect benefits to existing users.
| do this by doubling their |ower bound and m dpoint estinates.
Thus | estimate boating benefits to be in the range of $1.2 to
$2.8 billion dollars per year in 1978 dollars. The most likely

point estimate is $2.0 billion per year.
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It is difficult to place much confidence on any of the esti-
mates of swinmming benefits. The Heintz, Hershaft, and Horak
estimates are inherently biased upward. | judge the benefits to
lie in the range of $0.2 to $2.0 billion per year in 1978 dol -
lars. The nost likely point estimate is $0.5 billion per year
Water fowl hunting benefits are relatively insignificant accord-
ing to Heintz, Hershaft, and Horak. | judge the benefits to lie
in the range of $0.1 to $0.3 billion per year. The nost likely
point estimate is $0.2 billion per year

The estimates described here are summarized in Table 12.
Total recreation benefits for achieving the 1985 water quality
objectives are estinmated to lie in the range of $4.1 to $14.1
billion per year in 1978 dollars. The nost likely point estimte
is $6.7 billion per year.

W do not have a firm basis for determ ning what portion of
this total can be attributable to achieving the BPT standards or
what portion has been realized by actual water quality inprove-
ments as of 1978. On the one hand, many people have argued that
the marginal benefits of achieving BAT will be substantially
smal l er than the benefits of achieving BPT. On the other hand,
as of 1978, not all point sources were in full conpliance wth
BPT standards.7 Taking these factors into account, a reasonable
but crude estimate is that perhaps half of this total, or rough-
ly $3.4 billion per year, has been achieved by actual water

quality inprovenents as of 1978.

7/ See Freeman (1978), pp. 48-53.
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Table 12

Synthesis Estimates of National Recreation
Benefits To Be Realized In 1985

(in billions of 1978 dollars per year)

Most Likely
Range Point Estimate
Fresh Water Fishing $ .6-4.0 $1.0
Marine Sports Fishing $2.0-5.0 $3.0
Boat i ng $1.2-2.8 $2.0
Swi nmi ng $.2-2.0 $ .5
Water Fowl Hunting $ .1- .3 $ .2

Tot al $4.1-14.1 $6. 7
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Non User Benefits

This category includes all welfare gains experienced by and
reflected in the willingness to pay of people not naking direct
use of water bodies or diverted water. This includes what have
been called aesthetic benefits, ecological benefits, preserva-
tion values, and option values in various studies in the litera-
ture. Non user benefits are difficult to define in quantitative
terms and to neasure; and because they are not l|linked to observ-
able activities such as recreation, it is difficult to determne
value and willingness to pay by observation.

Two approaches to determ ning nonuser benefits have been em
ployed in the literature. They are property value studies and
survey/ questi onnaires. Property value estimates nmmy capture both
aesthetics and the value of proximty for active recreationers.
Thus there may be an elenent of double counting if these are
counted as nonuser benefits and added to recreation user benefits.
However property values do not appear to be a significant conpo-
nent of national benefits, so this problemis relatively uninpor-
tant as a practical matter

Dor nbusch, in a series of studies culmnating in his report
to the National Comm ssion on Water Quality (Dornbusch, 1975),
estimated the relationship between changes in water quality and
changes in property values over tine. He estinmated these rela-
tionships for 17 localities and used themto estimate the nation-
al benefits for given predicted inprovenents in water quality.

He estimated benefits in 1980 would be $74.7 mllion, and in 1985



- 170 -

to be $92.5 million per year, both in 1978 doll ars. However it
is difficult to know how much credence to give to these estinates.
The equation estimated by Dornbusch is not derived from either of
the theoretical nodels that have been developed as a basis for

8 It should be noted that even if property

benefit cal cul ation.
val ue benefits have been correctly neasured, they capture only
t hose benefits accruing to the relatively small percentage of the
popul ati on which owns property in the vicinity of water bodies.

Heintz, Hershaft, and Horak (1976) cited two wllingness to
pay surveys dealing with nonuser or aesthetic benefits. One
dealt with the willingness to pay to preserve a salnon fishery on
the Fraser River in British Colunbia. WIIlingness to pay was
$223 per household; and this amounted to 54% of the estimate of
recreation benefits per household associated with the fishery.
This value may strike the reader as inplausibly high. However
salnon may be an especially desirable and highly valued gane
fish species. In any event, what is of inportance here is the
rati o between user and preservation val ues.

A simlar questionnaire admnistered in the southeastern
U S found aesthetic benefits to range from 50-150% of the bene-
fits of recreation fishing. The survey of willingness to pay for
preservation and bequest notives by Walsh, et al. (1978) found a
simlar relationship between nonuser and user benefits. Hei nt z,
Hershaft, and Horak used the ratio of aesthetic to recreation

benefits (.54) from the Fraser River study and applied it to

85ee Freeman (1979), Chapter 6, esp. pp. 148-151.
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their estimate of fishing benefits to derive with an estimate of
aesthetic benefits to the US. of $2.2 billion per year in 1978
dol | ars.

This is a tenuous enpirical basis from which to estimate
national nonuser benefits. Nevertheless, utilizing the synthesis
estimate of recreation fishing benefits of $4.0 billion per year
presented above and assunming that aesthetic and ecol ogi cal non-
user benefits are 50% of this, we can conpute our own estinmate
To reflect the uncertainty in the estimate, | give a range of
$1-5 billion per year in 1978 dollars. The nost |ikely point

estimate is $2.0 billion per year

Di versionary Uses

Drinking Water and Health: Until very recently nost of the

concern about the health effects of polluted drinking water has
been focused on bacterial and viral diseases such as infectious
hepatitis, salnonellosis, and gastroenteritis. Two estimates of
the benefits of controlling bacterial and viral diseases have
been prepared for the Environnental Protection Agency. But they
differ by nore than two orders of magnitude.

Unger (1975) based his estimate of the benefits of achieving
the objectives of the FWPCA-72 in 1985 on a review of the causes
of water borne disease outbreaks in the U S. conmpiled by Craun
and McCabe for EPA. These investigators found that reported
cases of water borne disease averaged to |ess than 3,000 per year
in the period 1960-71. Unger adjusted these figures for under-

reporting and applied a value per case based on nedical cost and
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| ost earni ngs. The disease control benefits of attaining the
1985 goals were estimated at $3 million per year in 1975 dollars.

Hei ntz, Hershaft, and Horak (1976) conbined data from three
other studies prepared for the Environmental Protection Agency to
estimate that existing levels of water pollution induced between
one and two mllion cases of disease and 1600 deaths per year
These figures apparently were not derived from statistical analy-
ses of disease rates, but rather come from data on the incidence
of these diseases and some judgnent as to the portion caused by
drinking water contamnation. The main categories of death were
gastroenteritis, hepatitis, and salnonellosis. Applying unit
values for norbidity simlar to those of Unger, and valuing nor-
tality at $100,000 to $250,000, Heintz, Hershaft, and Horak esti-
mated the benefits of elimnating drinking water pollution to lie
bet ween $320 and $967 mllion per year in 1973 dollars. About
half of this total is attributable to preventing nortality. If
avoiding nortality is valued at $1 mllion, the Heintz, Hershaft
and Horak estimate would rise to between $1.68-2.14 billion per
year.

The Heintz, Hershaft, and Horak estimte of the incidence of
water borne disease seems inplausibly high. ynger estimated that
in 1977 approximately 115.7 mllion people utilized nmunicipa
drinking water from surface sources. The Heintz, Hershaft, and

Horak estimate inplies that between one and two percent of this
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group contracts a drinking water related disease each year. |
take the Heintz, Hershaft, and Horak estimate to be an upper
bound. Thus the benefits of controlling viral and bacterial dis-
ease transmtted through rmunicipal drinking water are estimated
to lie between $3 million and $2 billion per year. To reflect ny

judgment that the Heintz, Hershaft,and Horak figure may err sub-

stantially on the high side, | take $.5 billion per year as the
nost likely point estimate of benefits of controlling contagious
di sease.

Recently there has been increasing concern about the health
effects of chemcal contamnation of drinking water. Page,
Harris, and Epstein (1976) found evidence |inking contam nation
of surface drinking water supplies in Louisiana w th higher
cancer nortality. Harris, Page, and Reiches (1977) found simlar
evidence linking drinking water contam nation and cancer nortal-
ity in the Chio River Valley. The National Acadeny of Sciences

(1978) concluded that chloroform in drinking water increases the

risk of death due to cancer.

Unger (1975) estinated the benefits of elimnating chem cal
contanmination of surface waters to be $182 mllion per year in
1975 dol | ars. This figure was derived by estimating the costs of
renoving chemicals from drinking water Supplies by activated car-
bon filtration. This is an appropriate basis for estinmating
benefits if all drinking water supplies are actually filtered
through activated carbon and the sole purpose of the filtration

is to renpve these chemical contaminants. Elimnation of the
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the chem cal contam nation of surface waters would lead to a cost
savings of this nmagnitude in nunicipal water supply treatnent.

In fact very few nunicipal systens presently use activated
carbon filtration. And although EPA is considering regulations
to require cities above a certain size to undertake filtration
the primary target is the trihal omethanes which are fornmed by the
conbi nation of free chlorine from disinfection with naturally

occurring organic conpounds.9

Thus elimnating chem cal contam n-
ation of intake water due to point source pollution would not
affect the need or desirability of activated carbon filtration

The appropriate nethod for estimating the benefits of pre-
venting chem cal contam nation of drinking water intakes is to
esti mate dose-response functions and apply these to present esti-
mat es of exposure. I am not aware of any quantitative estimtes
of dose-response functions at anbient concentrations which could
be used for this purpose.10

If 1,000 people died each year from chem cal contam nation ™
of drinking water, and if the statistical value of life is $1
mllion, potential benefits would be $1.0 billion per year. |

take this to be an upper bound estimate. The | ower bound esti-

mate is zero. The nost likely point estimate is assuned to be

9Personal communication from Gifford Russell, Resources for the
Future, Inc., Washington, D.C

10The work by Page and others cited above used dummy variables to
di stingui sh between water drawn from surface sources presuned or
known to be contam nated and ground water sources presumnmed or
knowmn to be "clean."
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$0.2 billion per year. These are purely subjective estinmtes and
are included only to suggest the possible seriousness of the prob-
| em

Conbining the figures for chem cal contam nation and conta-
gi ous disease yields a range of health benefits of $0.0 to $3.0
billion per year. The nost likely point estimate is $.7 billion
per year. Actual control efforts undertaken as of 1978 are |ike-
ly to have had a substantial effect on contagious diseases. How
ever the effective control of chemcal contaminants will occur
primarily during the second stage of achieving BAT treatment re-
qgui rement s. It seens reasonable to conclude that perhaps one-
third and no nore than one-half of these potential benefits had
been realized as of 1978.

Treatnent Costs for Minicipal Water Supplies: The presence

of point source pollutants at the intake points of nunicipa
wat er supply systens increases the degree of treatnment required
to renove suspended solids and substances affecting odor and
t aste. If the point source pollutants were elimnated, it would
be possible to reduce nunicipal supply treatnment costs according-
|ly. These cost savings should be counted as a benefit of pollu-
tion control.

Unger (1975) and Heintz, Hershaft, and Horak (1976) have
provided estimates of the benefits based on simlar data and
nmet hodol ogy. They used the sanme sources to estimate that about
40% of municipal water supply treatment costs are attributable to

poi nt source pollutants, and that costs could be reduced by 40%
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if these pollutants were controlled at the source. 11 Hei nt z,

Hershaft, and Horak applied this proportion to an estinmate of
muni ci pal water treatnment costs in 1973 to obtain an estinmate of
damages due to pollution of $.41 billion per year in 1973 dollars
(or $.6 billion in 1978 dollars). Unger used a different basis to
estimate treatnent costs in 1977 and to project costs to the years
1983 and 1985. He estimated the benefits of neeting the 1985
water quality objectives to be $.993 billion in 1975 dollars (or
$1.2 billion per year in 1978 dollars).

On the basis of these two studies, | estimate that municipa
wat er supply benefits lie in the range of $.6-$1.2 billion per
year in 1978 dollars. The nost likely point estimate is $.9 bil-
[ion per year.

Househol d Benefits: \Water hardness and the presence of dis-

solved solids in the nunicipal water supplies may inpose a vari-
ety of costs on househol ds. If the hardness and dissolved solids
are due at least in part to point source pollution, then control-
ling these sources wll reduce these costs and lead to correspond-
ing benefits. Ti hansky estinmated danmages to househol ds due to

m neral contam nation of water. Tihansky's work is the basis of
benefit estimates of both Unger and Heintz, Bershaft, and Horak
These two studies used different bases for extrapolation and dif-

ferent assunptions regarding the contribution of man-made point

11The sources were Bruce Barker, and Paul Kraner, "Water Qality
Conditions in Illinois," in Statew de Water Resource Devel opnent

Plan, 1972, Illinois Department of Transportation, and Henry C

Program in the Chio River Valley, Ph.D. D ssertation, University
of Pittsburgh, 1960. See Heintz, Hershaft, and Horak (1976), pp.
[11-38 and I11-309.
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source pollution to total danmages. Unger estimated the benefits
to households in 1985 of controlling point source pollution to be
$88 nmillion per year in 1975 dollars ($107 mllion in 1978 dol -
lars). Heintz, Hershaft, and Horak estimated that danmges were
$346 mllion per year in 1973 dollars (or $508 nmillion in 1978

dol l ars). Based on these two studies | estimate that the bene-
fits lie in the range of $.1-.5 billion per year in 1978 dollars.
The nost likely point estimate is $.3 billion per year

I ndustrial Treatnent Costs: Hei ntz, Hershaft, and Horak

(1976) and Unger (1975) used nmany of the sane sources to estimate
the inpact of point source pollution on industrial treatnent
costs for process water, boiler feed water, and cooling water
Heintz estinmated danmages in 1973 to be $.3 billion per year (or
$.4 billion in 1978 dollars). Unger estimated the benefits of
achieving water quality objectives in 1985 to be $.63 billion per
year in 1975 dollars (or $.76 billion in 1978 dollars). On the
basis of these studies, | estimate that benefits to industry lie
between $.4 and $.8 billion per year in 1978 dollars. The nost

likely point estimate is $.6 billion per year

Commerci al Fisheries

The nost conprehensive estimate of the benefits of inproved
commercial fisheries opportunities was done by Bell and Canter-
bery (1975) for the National Conmi ssion on Water Quality. They
utilized secondary data to develop biological productivity func-
tions and used these to estimate the inpact on productivity of

changes in water quality. These predictions were then conbined
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with an economc nodel to predict changes in prices, quantities,
consurmer surpluses and factor incomes. The study was limted to
marine fisheries. They estimated that the benefits of achieving
the objectives of the FWPCA-72 in 1985 would be $575 mllion per
year in 1975 dollars (or $696 mllion in 1978 dollars).

Heintz, Hershaft, and Horak (1976) cited earlier estimtes
of danages carried out between 1970 and 1973. These were then
adjusted to the 1973 base year. Damages and/or benefits were
estimated to be approximately $100 million per year. These were
about evenly divided between marine and fresh water fisheries.

I do not have access to these earlier studies, so evaluation is
not possible.12

The National Acadeny of Sciences (1979) exam ned the inpact
of chem cal contam nation of fish and Food and Drug Adm nistra-
tion contamnation limts on conmercial fisheries. The Acadeny
limted its study to the inpact of contam nation by polychlorin-
ated bi phenyls (PCBs). The National Acadeny estimated that re-
ducing the allowable content of PCBs from the present 5ny/kg
would result in a loss of landed value of about $1 mllion for
marine fisheries and $7 mllion for fresh water fisheries. Low
ering the allowable tolerance to 1 ng/kg would result in the |oss
of another $10 nmillion in |anded val ues. Because of the avail a-
bility of substitutes and because resources can be reall ocated,
the true econom c damage would be less than the loss in |anded

val ue. Thus these figures nust be interpreted as an upper bound

12Unger (1975) used the sane sources.
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estimate of econom c damages.

Because of the omi ssion of fresh water fisheries and the im
pacts of sonme fornms of chem cal contami nation of fish, the Bel
and Canterbery figure is probably an underestimte of the total
danages to all comercial fisheries due to man-nmade pollutants.
However it seens unlikely that these other categories would be
nore than an additional 100 mllion per year. Thus we estimte
that the potential benefits to commercial fisheries of achieving
the 1985 objectives lie in the range of $.4-1.2 billion per year
in 1978 dollars. The nost likely point estinmate is $.8 billion

per year.

Summary

The results of the preceding analysis are summarized in
Table 13. Total benefits to the nation of neeting water quality
objectives in 1985 are estimated to lie in the range of $6.6 to
$25.8 billion per year in 1978 dollars. The nost likely point
estimate is $12.0 billion per year. O this total, alnost 55%
is attributable to recreation alone, and alnost 75% of this total
is due to the conbined categories of recreation, aesthetics,
ecol ogy, etc.

It would be nore useful for policy analysis if the tota
figure could be allocated between the attainnment of the 1977 BPT
goal s and the 1983 BAT goals. The available data do not permt
this. However, on a very crude subjective basis, it is probably
reasonable to attribute sonething like one-half of this total to

the water quality inprovenents that had been attained by 1978.
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Tabl e 13

Summary O National Benefits of Meeting 1985
Water Quality Objectives By Category

(in billions of 1978 dollars per year)

Most
Li kely
Poi nt
Range Esti mat e
Recr eati on $4.1-14.1 $6. 7
Non- User Benefits:
aesthetics, ecology, property values 1.0- 5.0 2.0
Di versi on Uses
Drinking Water-Health 0.0-3.0 0.7
Muni ci pal  Treat nment 0.6- 1.2 0.9
Househol ds 0.1- 0.5 0.3
I ndustrial Supplies 0.4- 0.8 0.6
Commerci al Fisheries 0.4- 1.2 0.8

Tot al $6. 6- $25. 8 12.0
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