Section 9

Intrinsic Benefits

Intrinsic benefits are all benefits that are associated with a resource,
which are not specifically related to current direct use of that resource
Al t hough these non-user benefits are not directly observable, it is inportant
to emphasi ze that they are as real and economically inportant as the nore

easily nmeasured user benefits.

Briefly, intrinsic benefits can be categorized as the sum of option
(bequest) val ues, existence value, and aesthetics.é/ Option value is
defined as the anpunt of npney, beyond user values, that individuals are
willing to pay to insure access to the resource (or a |level of environnmenta
quality) in the future when there is uncertainty in resource availability
and/ or individual use (demand), regardless of whether the individual is a
current user. Option benefits reflect the value of reducing uncertainties
and of avoiding irreversibilities. VWen option values reflect
i ntergenerational concerns they are referred to as bequest notives. Bequest
values are defined as the willingness to pay (WP) for the satisfaction
associated with endowi ng future generations with the resource. Exi st ence
value is defined as the willingness to pay for the know edge that the

resource is avail able and ecosystens are being protected, independent of any

2/ For an in depth di scussion of intrinsic benefits and their
estimation, see RTI, 1983; Freenman, 1979; Fisher and Raucher, 1982; M tchel
and Carson, 1981
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anticipated use by the individual. These values are distinct from aesthetic
benefits and concerns over retaining the option of future use. Aesthetic
val ues pertain to enhanced appreciation of water-related (instream vs. near
stream experiences. G ven that inmproved water quality could enhance the
aesthetic values of users as well as non-users of the resources, there could

be an aesthetic conponent in both use benefits and intrinsic benefits.

Definitions of bequest values tend to obscure the distinction between
exi stence and option values in the literature. Sonmetinmes bequest values are
placed in a separate category of intrinsic values; sonetinmes they are treated
as part of existence values and at other times they are considered as option
val ues. For exanple, Freeman (1979) considers the utility of the expectation
of future use by descendants as a bequest form of vicarious existence
benefits. Yet, bequest values can be considered for long term potential use
where there nay be uncertainties associated with future demand and supply.
Hence, this concept may be treated as part of option value. Mtchell and
Carson (1981), for exanple, separate option value into current and bequest

cat egori es.

Al t hough the distinction between user and intrinsic benefits is often
unclear, there is substantial agreenent that these intrinsic benefits may
account for a large portion of all pollution abatement benefits (see Fisher
and Raucher, 1982). Intrinsic benefits are usually derived from demand
functions. Data for these functions are nost frequently obtained from
surveys, questionnaires, and voting referenda. Assum ng that people are
willing to pay for these values, these techniques are intended to yield
informati on on the prices that consuners are willing to pay for cleaner water

even though they do not intend to use the resource directly. This generated
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price information is used to construct denmand equations from which the

wel fare changes associated with cleaner water can be neasured. Despite the
criticisms leveled at this contingent valuation approach, due to severa
potential biases, the survey nethod represents the best available technique

to quantify all these benefits.

Property value data may al so be used to infer estinates of intrinsic
benefits. The property val ue approach is based on the hedonic val uation
nmet hod, which relates the price or value of a property to a variety of
di screte characteristics. These characteristics include site and
nei ghbor hood characteristics, socio-econonic factors, and environnenta
quality variables such as degree of water pollution. A major linmtation of
the property value technique is that it neglects the benefits to those who do
not own property near the affected water body. The approach al so records the
response of property owners to an actual change in water quality, a change
which may not necessarily reflect what property owners would be willing to
pay for potential inprovenents in water quality, or for inproved water
quality at other |ocations. As a result, a significant fraction of value, in
the form of consumer surplus, may be omtted when applying this technique
In addition, the hedonic approach may produce biased benefit estinmates
because of the difficulty in disaggregating the benefits between use
(recreation, for exanple) and nonuse. There have been several attenpts to
nodel this relationship despite the extensive data required for this
t echni que. One such effort, described in Feenberg and MIIs (1980), uses

property val ues derived froma study by Harrison and Rubenfeld (1978).

9.1 Met hodol ogy

Intrinsic benefits are difficult to neasure and val ue. A nunber of

studi es have attenpted to neasure intrinsic values using the WP survey
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appr oach. We know of no specific study that can be applied directly to the
entire Boston Harbor or that can be associated with the range O pollution
abat ement options which accurately relates either dichotonmous or incremental
changes in water quality to corresponding changes in intrinsic values. The
nost recent wllingness to pay surveys neasure benefits to users and
non-users of rivers (RTlI, 1983; Cronin, 1982) and are inappropriate to apply
to a marine resource such as Boston Harbor. The Gramlich (1977) study, which
measures willingness to pay for inproving water to a swimmble level in the
Charles River, cannot be applied to Boston Harbor because Gramich's bids are
averages across both users and nonusers, representing total values, and

because the Charles River is not a nmarine resource.

O her researchers have attenpted to establish a relationship between
intrinsic values and user values (see Fisher and Raucher, 1982, for a
critical review. Results fromthis approach suggest that intrinsic val ues
are substantial: they generally are at |east one-half as great as
recreational user benefits. Because of the lack of appropriate WP survey
data which can be applied to the different control options in the study area
estimates of intrinsic benefits were made by assum ng that these non-user

benefits are one-half as great as recreational user benefits.

9.2 Benefits Estinates

Intrinsic benefits for the CSO and STP pollution control options
are accordingly based on one-half the benefit estimtes derived from

the recreational benefits estimated in Section 6.3/ These benefit val ues

a/ Includes swinmming participation (logit nodel plus Quincy, Weynouth,
Hi ngham Hull and Nantasket estimates), boating, fishing, and Boston Harbor
Islands recreation. For sw nming the user day value ($11.06) derived in the
logit nodel is applied to increased user day figures (see text in Section 6
for user day values for other recreational activities).
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i ncorporate both current and future benefits fromwater quality inprovenents
and are presented in Table 9-1. The range of values represents a very rough

approxi mati on of non-user benefits.

Table 9-1
Annual Intrinsic Benefits
(Ml1lions 1982%)

Pol | ution Control Option

\ CSO | CSO
! pl us | pl us
| Ocean | Secondary
| Qutfall | Tr eat ment
50% of Recreation | High: 21.8 23.2
Benefits | Low: 10.1 10.7
|  Moder at e: 15.9 17.0

9.3 Linmts of Analysis

Non-user benefits are especially difficult to measure and project, and
estimation of these benefits is Iimted by both nethodol ogy and data
Appropriate willingness to pay surveys and property studi es were not
available to estimate benefits fromthe variety of pollution contro
options. As a result, these benefits may be biased because they night be
capturing benefits cal cul ated under other categories such as fishing,

swi nming, or boating (i.e., double counting).
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Section 10

Ecol ogical Effects

Several of the pollution abatenment options considered are expected to
have a positive influence on the ecol ogical processes in the estuarine areas

of Boston Harbor because of significant reductions in pollutant |oadings and
correspondi ng reductions in concentrations of fecal coliform suspended
solids, organic toxics, heavy netals, and increases in the |evel of dissolved
oxygen. I mpl ementation of the ocean outfall option is also expected, on the
one hand, to beneficially inpact the ecol ogical processes in Boston Harbor
while, on the other hand, to detrinmentally affect the ecol ogical processes in

Massachusetts Bay because of renoval of pollutants fromthe Harbor to the Bay.

It is not easy to capture the ecol ogical costs and benefits of these
pol lution control options because of the lack of information |inking
pol lutant transport and dispersion to specific dose-response relationships,
and the difficulty in expressing these changes and effects in nonetary
units. Therefore, the follow ng discussion of the ecol ogical effects of the
different treatnent options will be presented qualitatively, as opposed to

the quantitative benefits and costs described in previous chapters.

10.1 CSO and Secondary Treatnent Options

It is likely that the CSO and STP pollution abatenent options wll

positively influence the biological ecosystem w thin Boston Harbor
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particularly the highly productive saltmarsh habitats. Phyt opl ankt on,
bent hi ¢ organi sms and the communities of shellfish, finfish and | obster wll
be specifically affected. This positive effect will occur because both
treatment options will reduce |oadings of BOD, suspended solids and feca
coliformto the Harbor area, as well as reducing concentrations of heavy
nmetals (see Table 2-3) and possibly organic toxics such as pesticides and
pcBs.2/ Al t hough none of Massachusetts' major saltmarshes are located in
Boston Harbor, it does contain a significant amount of marsh acreage. Qui ncy
Day has 209 areas of saltmarsh, Dorchester Bay 363 acres, Hi ngham Bay 644
acres and there is also Belle Isle Marsh along the inlet in Wnthrop. These
mar shl ands play an inportant role in the biological productivity of the

adj acent coastal waters as well as perform ng other useful functions. It is
wel | docunented (Odum 1961; Teal, 1962) that these areas are the nobst
efficient primary producing environnents on earth and provide natura
spawni ng, nursery and feeding habitat for nany species of fish and

i nvertebrates. The sheltered waters and grasses provide food and cover for
furbearing animals, shorebirds, and waterfow, From two-thirds to three-
quarters of the comrercially or recreationally inportant finfish, such as
herring, striped bass and flounder, and shellfish spend part of their

lifecycle in saltmarshes.

Mar shl ands tran form carbon di oxi de water into oxygen and food. They are

hi ghl'y productive of organic matter; because of the tides, wastewater

a/ In general, the STP secondary option will reduce conventional and
non- conventional pollutant |oadings to a greater extent than the CSO option,
al t hough the greatest difference in reduction are changes in BOD and
suspended solids.
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products are regularly removed and organic material and nutrients are added.
It has been estimated that a saltmarsh produces 10,000 pounds of organic
matter per acre per year (Qdum 1961). These | ands concentrate and recycle
carbon, nitrogen and phosphorus and are inportant to the gl obal cycles of

ni trogen and sul fur. Marsh areas have a very high value as providers of

tertiary sewage treatment since they renove and recycle inorganic nutrients.

Sal tmarshes are also inportant for stabilizing the shoreline. They
provide a buffer zone which linmits coastal erosion by flood, wave, and w nd
action. Marshes act as reservoirs during flooding and absorb sedi ments and
wave energy during stornms which aids in keeping harbors open and in

preservi ng beaches.

Attenpts have been nade to estimate the economnmic val ue of saltmarshes by
val uing the productivity of the marsh, by valuing the role of the marsh as a
factor of production, and by estimating the cost of duplicating the functions
of a marsh, such as providing tertiary wastewater treatnment. Annual val ues
rangi ng from $100 to $4, 000 per acre were devel oped in one study (Gosselink,
Odum and Pope, 1973). These types of values have been criticized as
representing total value rather than net benefits and much smaller val ues
($.25-%.30 per acre) were estimated for narsh areas as factors of production
(Lynn, Conroy and Prochaska, 1981). Another study points out the many
functions of the marsh are not included when only the productivity of the
marsh is valued (Westnore, 1977). In any case, if, for illustration
pur poses, such a range of values is applied to the total nmarsh acreage of
Boston Harbor (1216+ acres) , an econonic val ue ranging from $121,600 to

$4, 864, 000 per year is estinated.
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What ever value of marshland is selected, the problem for this case study
is determning the inpact of the pollution abatenent option on the marsh.
For the nost part, the studies cited above and others are concerned wth
devel opnent that will destroy the marsh by dredging or filling. Here, the
concern is with the inpact of pollutants (and their abatenent) on the
functioning of the marsh. It is known that |arge anmounts of untreated
organic materials greatly stress marshes and reduce dissolved oxygen to
undesirable |evels. However, smaller amounts of these materials may enhance
marsh productivity. Chl ori nated hydrocarbons, and organophosphorous
pestici des have been neasured in the Harbor in sufficient concentrations to
have sublethal or lethal effects on adult crustaceans, |arval nollusks and
enbryonic and larval forms of finfish. Oher effects on saltmarsh flora and

fauna are unknown.

The proposed pollution abatenent options under consideration in this
study will control coliform bacteria, pesticides and sonme heavy netals in
Harbor  marshl ands. The connection between the levels of control and the
effect on the functioning of the marshlands, however, is unknown. Since we
are unable to nmeasure the extent of the inmpacts, these marshland benefits

must be consi dered nonnopneti zabl e.

The effects on the plankton and benthic communities throughout the rest

of the Harbor generally will be the opposite of those described below for the
ocean outfall option. Reduction in conventional |oadings nmay increase
species diversity and there will be a shift whereby pollution
sensitive-species will replace nany of the pollution-tol erant species now

domi nating the Harbor. These community changes will influence the abundance
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and diversity of species who feed on these organisns in the |ower portion of
the food chain, leading to a shift towards pollution-intolerant species. For
exanpl e, yellow tail flounder may replace wi nter flounder who prefer

organi cally enriched sites.

Reductions in netals and possibly organic toxicants will have a positive
effect on many species in the Harbor, particularly the shellfish and finfish
who tend to bioaccunul ate toxic substances such as PCBs and organically
conpl exed netals such as nercury and lead.E/ These effects may include a
reduction in disease (such as finfish erosion), increases in juvenile

survival and increases in productivity and comunity stability.

10. 2 (cean Qutfall Option

The ocean outfall plan is expected to have negative effects on the
bi ol ogi cal ecosystem of a portion of Massachusetts Hay. As discussed in
Section 2 of this report, the pollution abatenment plan calls for an ocean
outfall diffuser systemto discharge the conbined, treated effluent from Deer
and Nut Island plants into Massachusetts Bay, 7.5 niles (12.1 kn) northeast

of Deer |Island. This discharge area will not provide for sufficient

a/ It is inportant to note however, that although the pollution abatenent

options under consideration will elimnate some of the toxic substances and
metals in the Harbor waters, significant concentrations of these pollutants
reside in the harbor sedinment and are constantly being re-suspended It is

not known what the flushing rate is for Boston Harbor but the rate is
probably considerably reduced because of the very shallow depths of all the
harbor waters. Thus, many of these pollutants will remain in the sedinent
and water colums for nmany years to cone and continue to negatively affect
t he ecol ogi cal communiti es.
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transport and di spersion of the diluted wastewater and particul ates because,

it is topographically depressed. This, in turn, will restrict circulation
and dilution and will lead to an accunul ation of BOD and suspended solids,
and several toxic pollutants. In addition, the proposed discharge of

suspended solids is expected to violate the Comopnweal th's dissolved oxygen

st andar d.

Di scharge from the proposed outfall is expected to negatively affect the
structure and function of many of the conponents of the marine ecosystemin
this area including phytoplankton, benthic invertebrates, and communities of
| obster, crab and finfish. It is also possible that several species of
whal es, including the endangered Right whale, will be influenced by discharge

of pollutants into Massachusetts Bay.

10.2.1 Pl ankt on

The proposed ocean discharge of BOD and suspended solids (which include
toxic pollutants) is predicted to significantly enrich the waters within the
i medi ate 2.4 square niles surrounding the diffuser and extend to a much
| arger zone of 166 ni? and thus greatly increase the |evels of available
nutrients such as nitrogen (the nost linmiting nutrient in marine waters) and
phosphor ous. I ncreased anpbunts of these nutrients will consequently
stimul ate phytopl ankton productivity and lead to increases in phytopl ankton
bi omass, as well as resulting in an adverse shift from pollutant-intolerant
phyt opl ankton to pollutant-tol erant species. The conposition and
di stribution of the zoopl ankton popul ations are not expected to be
significantly affected because of the increased Iimted dilution and because

the zoopl ankton conmunity is inherently able to quickly recover from
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pol lutant stress. As discussed in the waiver docunents (Tetra Tech, 1980
US EPA, 1983) the nobst polluted of waters appear to depress nunbers of

zoopl ankt on wi t hout neasurably altering species conposition or distribution
The only effects fromthese increased pollutant |oadings would be a

proportional decrease in actual nunbers of individuals of all species.

10.2.2 Bent hos

The benthic comunity in the proposed ocean outfall area is currently
dom nated by high densities of surface-deposit feeders, to the exclusion of
other nore pollution-intolerant species. The structure and density of this
exi sting benthic community suggests that the site is already organically
enri ched. The effect of the large anobunts of discharge on the benthic
conmunity is predicted to be significant. The additional nutrient |evels and
decreasi ng oxygen |levels would exceed the assimlative capacity of the
conmunity and would result in major structural and functional alterations in
the nacrobent hos. These include major reductions in total density, species
ri chness, diversity and eveness. Pol | uti on-sensitive species would be
greatly reduced or elimnated resulting in a shift to highly
pol | uti on-tol erant species. Maj or effects are likely to appear in the
i medi ate 2.4 square nile area surrounding the diffuser, and noderate effects

woul d extend over a much larger area (166 square niles) of Massachusetts Bay.

10.2.3 Finfish/Lobsters

The proposed ocean outfall option is expected to negatively affect |ocal
popul ations of finfish and |obster for a nunber of reasons. The anticipated
changes in the benthic community are expected to have a negative inpact on

the finfish and | obster who feed on these benthic organi sns. The resulting
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alterations in diversity and structure of the benthos will reduce the anount
of food which is available to the finfish and | obsters (Ennis, 1973) and thus
will reduce finfish and | obster population within the inmediate zone of

intial dilution. This effect may extend over a much larger area of
Massachusetts Bay. Lobsters nay be nore negatively influenced than the
finfish by the increased organic |oading fromthe di scharge, as was observed

near another wastewater discharge north of Boston Harbor (Tetra Tech, 1981).

A slight shift in the distribution and abundance of the finfish comunity
may al so occur because of the increased amounts of organic |oading. The
settling of these effluent solids is predicted to alter the substrate
conposition of the site to one preferred by winter flounder. As a result, it
is expected that the winter flounder will replace other finfish species,

particularly the now dom nant yellow tail flounder.

The discharge into Massachusetts Bay will also contain toxic materials
i ncludi ng sone heavy nmetals and PCBs. These toxic pollutants can affect
marine organi sms in a nunber of ways. Acute exposure can |lead to death,
whil e exposure to |ower concentrations can induce sublethal effects such as
reduced survival of young, |lowered resistance to di sease and del eterious
changes in behavi or. These subl ethal, chronic concentrations can, in turn

reduce species distribution and abundance.

The toxicity of certain heavy netals is influenced, however, by the
chem cal form taken by the netal. Acute, short-term effects are nore likely
to occur when the netals are in ionic formwhile chronic, long-termeffects

are nost likely to occur when netals are conplexed in organic form and are
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relatively non-ionic. It is in this chenmical state that the netals wll
accurmul ate within body tissues and can be transferred to other organi sns

through the food chain.

Bi oaccunmul ati on of toxic substances is even nore likely to occur with
organi ¢ toxicants, such as certain types of pesticides and PCBs, because
their neutrally charged organic formallow a nmuch easi er passage across
cel lul ar menbr anes. In addition, many of these organic conpounds are very
resistant to degradation. As a result, these long-lasting residues will pass

t hrough the food web, ending up in commercially and recreationally inportant

species of fish, and will be transferred to humans when these fish are
consuned.
The proposed ocean outfall option will renove about the same percentage

of netals, pesticides, PCBs and other toxic nmaterials as does the existing

STP (see Table 2-3 in Section 2). This nmeans that nmetals such as cadm um
chrom um copper, lead, nmercury and zinc will, at nost, be reduced by 40
percent from their influent concentrations. Based on data collected near the

current Deer Island and Nut Island outfalls (US EPA, 1983) annual average
concentrations of three netals, copper nmercury and silver, were found to
exceed EPA water quality criteria.é/ It was al so found that PCBs were
appearing in the effluent at 19 to 320 tinmes the EPA criterion. A study of
the toxic chem cal concentrations in the tissues of |obster and wi nter

fl ounder near the discharges indicated that PCBs are bioaccunulating in the
edi bl e tissues of these species. It was shown, however, that the other

cheni cal s sanpl ed--DDT, mercury, silver, cadmum copper and |ead--were not

a/ (See US EPA, 1983 and 45 Fed. Reg. 79318, Novenber 38, 1980.)
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Al of these species are migratory, particularly the whal es who trave
fromthe @ulf of Maine down the coast to Delaware Bay and southward to
CGeorgia and Florida. Two endangered species, the Right and Hunpback Whal e,
and the threatened Fin Wale are known to feed in sumer along the shoreline
areas of Massachusetts and Gape Cod Bay on their nigration along the East
coast . Their food sources include fish, krill or related crustaceans, and
zoopl ankton, which, as discussed previously, are likely to be negatively
affected by the conventional pollutants or by toxic pollutants discharged
into Massachusetts Bay. Although it is inpossible to quantify these effects
on these species of whale and on the other species, it is likely that heavy
netals and the organic toxics will have the nost deleterious inpacts on these

endanger ed/ t hr eat ened or gani sns.
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Section 11

Secondary Effects

The benefits associated with the previously discussed pollution abatenent
options which accrue fromincreases in recreational activity, conmerci al
fishing and other activities, are all primary benefits; that is, they are
direct inpacts of the proposed projects. Anot her type of benefit--secondary
benefits--measures the net increase in economc activity generated by the
direct inpacts and indirectly attributable to the treatnent alternatives.
Secondary benefits are added to the primary benefits of a pollution abatenent
project only if there is w despread unenpl oynent nationally or regionally and
only if it is expected that these unenpl oyed resources would be used in the
econom c activity thus generated. Gt herwi se, it can be assuned that any
i ncreased econonic activity stinmulated by the project would represent only a
transfer of productive resources from one use to another and would not be a
net benefit. The rules and procedures governing the inclusion of secondary
benefits are found in Section XI 2.11 of Water Resources Council, "Econom c
and Environmental Principles and Guidelines for Water and Rel ated Land

Resources | nplementation Studi es" (1983).

These Principles and Cuidelines state that conceptually any enpl oynent of

ot herwi se unenpl oyed resources that results from a project represents a
benefit but that difficulties in identification and nmeasurenment nmay preclude
any but those |abor resources enployed onsite in the construction of the

proj ect be counted. For this case study, the construction options have not
been sufficiently devel oped to categorize types of |abor resources required.

Instead, sone of the other indirect enploynent categories are discussed
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Since unenpl oynent is often cyclical, secondary benefits may not accrue
to the proposed projects over the long-run unless structural unenpl oynent
(unenpl oynment unaffected by normal cyclical upturns in the econony) is
alleviated. A detailed |abor market analysis is required to determne the
types of unenployed resources that exist and whether the mx of skills
required for the econonic activity generated by the pollution abatenent
options would use those resources. Even in a less than full-enpl oynent
economy, as is currently the case, some resources that would be enployed to
neet the increase in econonmic activity would be transferred from ot her
productive uses either within the region or outside the region (e.g. outside
Massachusetts or New Engl and) . If this were the case, these effects,
al though they might be very inportant to the region, would not represent net
benefits from a national perspective (unless structural unenploynment was
af fected, as nentioned before). This section, therefore, refers to the
indirect inpacts attributable to the treatment alternatives as secondary
effects and presents a nmethod for their valuation. Under certain conditions
these effects may be considered benefits but the |abor nmarket analysis

required for this determination is beyond the scope of this case study.

11.1 _Met hodol ogy

Secondary effects can accrue to a region fromincreased activity in any
l ocal industry. For exanple, additional wages are spent on food, clothes,
rent, etc. and increased business production requires additional purchases of
materials used in production. These purchases stinulate increased economc
activity. For every additional dollar of direct income or of total output
(sales) from the industry, a certain dollar anpunt of associated econonic

activity is generated; these anounts are known as nultipliers for that
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i ndustry and provide a way to estinmate the econonic value of secondary
effects. Mul tipliers for estimating increased economc activity in an area
usual Iy cover three kinds of effects: direct, indirect and induced. Di rect
effects are the changes in income to households resulting directly fromthe
changes in output of the industries of interest. Indirect effects are
additional economc activities stinmulated by the direct inpacts of the
project, i.e., changes in activity in all industries which supply goods and
services to the primary inpact industries. I nduced effects are those that
result when consuners adjust their consunption patterns in response to

changes in incone. All three effects nmay be of interest in this case

Two types of nultipliers are used to estimate increased econonmic activity
generated by an industry. The output nultiplier is used to conpute the total
val ue of economic activity generated. Not all of this value remains in a
comunity or region, however (and, as discussed before, nmuch of it may
represent a diversion of resources rather than a net gain). Some goods and
servi ces purchased by businesses or by enployees are produced |locally and
ot hers are produced outside the area. The income multiplier nmeasures only
the portion of the economic activity generated which remains in an area as
income to residents. For the purpose of measuring secondary benefits from
pol | uti on abatement options, the best neasure would be the output multiplier

as we are interested in national welfare rather than regional effects.

To estimate the secondary effects which would accrue to the Boston Harbor
pol | uti on abatenent options, nultipliers are used that have been estinmated
from economi c input-out put anal yses. | nput - out put nodel s represent the
econony of an area and the transactions which occur anong industries |ocated

there. From such a nodel it is possible to estimate the effects of a change
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in one industry on all the other industries. The advantage of input-output’
anal ysis over other nethods of estimating nultipliers is that it provides
both conprehensive and detail ed coverage of the industries of interest.é/
The di sadvantage of this and other methods is that only gross changes are

estimated; net effects exclusive of transfers of resources are not neasured.

11.2 Benefit Estimates

The multipliers used to estimte secondary effects should correspond to
the type of data available on the inpact of the pollution abatement options.
In this case, it is easier to estimate the inpact on the output (sales) of an
of an affected industry (such as shellfishing or boating) than to estimte

the inmpact on direct income (wages). Thus, the nultipliers shown in Table

11-1 estimate the total direct, indirect and induced effects of a one dollar

change in the sales of each inpacted industry.g/

A range of nultipliers has been included in Table 11-1. The nultipliers
for the shellfishing and related industries come fromthree studies, one of
Cape Cod, one of the Southern New England Marine Region (SNEMR), including
Rhode |sland, Cape Cod and parts of Southeastern Massachusetts and

Connecticut, and one of the State of Mine (Cape Cod Planning and Economic

% G her types of multipliers have been devel oped. For exanple, E

Wwong (1969) has estimated a multiplier for shellfish which conputes the val ue
added by harvesters, wholesalers and retailers both inside and outside the
communi ty. This kind of nultiplier would not capture the indirect or induced
effects of the shellfish industry the way an input-output derived nultiplier
woul d.

b/ They coul d be converted for use with direct incone inpact data by
dividing by factors which show the effect on direct income of a one dollar
change in output for each industry.
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Table 11-1

Mul tipliers Showing Direct, Indirect and Induced Effects
Per $1 Change in CQutput

W sconsin
Cape Cod Study SNEMR St udy St udy Mai ne St udy
I ncone out put I ncone Qut put [ ncome

| ndustry Multipliers Miltipliers Mltipliers Mltipliers Mltipliers
Conmrer ci al

Shel | fi shing 1.1749 3.0010 1.1441 - 1.54
Fi sh Processing - - . 7027 -
Clam and Worm

Processi ng - - - - 1.65
Shel | fish Whol e-

sal i ng 1.0772 3.6444 - - -
Seaf ood, Whol e-

saling and

retail - - . 7781 - -
Eati ng and

Dri nki ng

Est abl i shment s . 5158 2.0179 . 7997 2.2705 -
Mari nas and

Boat yar ds . 6829 2.4971 . 7037 - -
Charter Sport -

fishing . 9038 2. 8200 . 7982 - -
Tourista/ - - - 2.1741 -

a/ i ghted average of inpacts of tourist expenditures on all industries.

Sour ces: Briggs, Townsend and W/ son, 1982; Cape Cod Pl anning and Economic
Devel opnment Comm ssion, 1978; Gigalunas and Ascari, 1982; Strang, 1971,
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Devel opment Commi ssion, 1978, Grigalunas and Ascari, 1982, and Briggs et al.

1982) &/

Both output and incone nultipliers are available fromthe Cape Cod study
while only income nultipliers are available fromthe SNEMR and Maine
st udi es. As can be seen fromthe table, the Cape Cod output nultipliers are
about three tines greater than the incone multipliers for the sane study.
Al though it was not possible to calculate output multipliers for the SNEMR or
Mai ne studi es because of lack of data, the difference between incone and
output multipliers would be |ess for these studies than for the Cape Cod
study. The reason for this is that both the State of Mine and the SNEMR
region are larger and nore self-sufficient and would therefore retain nore

earnings and inport fewer goods and services.

There were no input-output analyses available for marine activities in
the Boston area. Since the structure of harvesters, whol esalers and
retailers of soft shelled clans in the Boston area is probably simlar to
those of Miine, Cape Cod and the SNEMR, the nmultipliers presented in Table
11-1 can be used to provide a range of secondary effects estimates for the

pol | uti on abatenment options as shown in Table 11-2.

Al though, as nmentioned earlier, income nultipliers measure only incone
remaining in an area and, therefore, understate the total national welfare
i npacts of the pollution abatenent options, they are included as part of the

range in Table 11-2 for two reasons. First, Boston area output multipliers

a/ Multipliers fromtwo other input-output analyses, an earlier SNEMR
study and a Rhode |sland study, were presented in Gigalunas and Ascari.
Unfortunately, they were of the formthat is nultiplied by direct incone
rather than by sales, and data were not available to convert themto the form
useabl e here. In the formthat they were avail abl e, however, these
multipliers fell between the Cape Cod and SNEMR figures, and so would
probably lie within the range shown in Table 11-1



Table 11-2, Secondary Effecta Estimates
{Thousands $1982)

Btimated hange In Sales for pach Multiplierc Secondary Effects Range for FEach
Industry Pollution Abatement Option (Thousands 19824) Range Pollutfon Abatement Option {Thousanda 1982%)
G0 [ sTe (3) cso i sSTP
pDorchester, | Ocean Outfall Neponaet/ | Ocean Outfall
Congtfitution Neponget Quincy | og Secondacy Constitution Dogchester  Quingy | of Secondary
@mmerclal
Shellfiahlng
Harveating 94.2 149.2 7201 885.6 1.14-3.00 107.4~ 282.6 170.1~ 447.6 82.2-226.13 1,009.6-
- 2,656.8
Diateibution
and Pro-
ceasing a/ 74.0 117.2 56.7 695.8 0.70-3.64 51.8- 269.4 82.0- 426.6 39.7-206.4 487, 1~
2,532.7
Restaurants a/ 104.3 165.2 79.8 980.3 0.80-2.02 83.4- 210.7 132.2-333.7 631.8-161.2 784.2-
1,980.2
Subtotal 272.5 431.6 208.6 2,561.7 - 242.6- 762.7 384.3-1207.9 353.8-581.9 2,280.9-
7,169.7
Recreation
Swimming b/ 1013.3 704.7 540.1 111.6 0.80-2,27 82.6- 234.5 563.8-1,600 432.1- 89.2-253.1
1,226.0
otherd/ 201.6 161.3-457.6
Boating &/ = - - - o e oo oo ..o L. 538.6-1,457 - -~ - ~ ~ 0.70-2.50 = = = = = = = = 377.0-3642,5- - ~ =~ =~ ~ = ~ ~ - - )
Pishing & = =~ o e oo oL 29.9-949.1 0.80-2.82 =~ - ~ - - ~ - - 23,922,677 = = =~ = = = = ~ = = -
Subtotald/ 103.3 704.7 540.1 313.2 - 82.6-234.5 563.8-1,600 432. 1~ 250.5~
1,226.0 710.9
rorard/ 375.8 1,136.3 855.6 2,874.9 - 352.2-997.2 948,1- 785.9~ 2,531.4-
2,807.9 1,809.9 7,880.6

a/ Sales per bushel for Distribution and Processing and Restaurants assumed to maintain the same relation to harvest sales per bushel
for Boston Harbor as for Resources for Cape Ann study.

b/ g1 per visitor-day assumed spent on food and beverages. Visitor days are average of upper and lower bounds for swimming from Table
6~6 and for "other” from Table 6-12.

¢/ Ten percent of boating and fishing benefits (see Section 6) assumed as sales for marinas and boatyards and for charter sportfishing,
respectively. Based on Table 6-10 (boating) and 6-11 {(fishing).

4/ Not including fishing and boating sales and secondary effects,

L-TT
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woul d probably be closer to Boston area incone nmultipliers for the sane
reasons as mentioned above for Miine and the SNEMR Second, as discussed
above, even in a less than full-enployment econony, sone resources that would
be enployed to nmeet the increases in econonic activity generated by the
pol | uti on abatement options would be transferred from other productive uses
and thus would not represent net benefits. A multiplier which underestimates

secondary effects is therefore appropriate.

Besi des secondary effects generated from increased shellfish harvesting, a
certain level of economc activity may also be stinulated in the distribution
and processing and restaurant sectors for each additional bushel harvested.

m estimate these effects it was assuned that the |evel of sales generated in
the distribution and processing and restaurant industries as conpared to the
harvesting industry would be the same for Boston Harbor as for the Cape Ann
area (see Resources for Cape Ann, 1982) and that this relationship would be
mai nt ai ned across price changes.ﬁ/éf Since Boston is a major narket area

for shellfish, this is a conservative assunption. Secondary effects can

therefore be estinmated for these two industries as well as for harvesting.

Recreation nmultipliers in Table 11-1 cone from the Cape Cod and SNEMR
studi es and, for conparison purposes, froma study done for a county in
W sconsin which has a significant tourist industry (Strang, 1971). This study

was included because there is no data available on sales generated by sw mrers

2/ Thus, at a price of $31.41 to the digger, for exanple, each bushel of

cl anms harvested woul d generate $90.86 of sales (total sales divided by nunber
of bushels harvested). O this, $31.41 would be harvesting sales, $24.68
distribution and processing sales, and $34.77 restaurant sales. These per
bushel sales figures are nmultiplied by the increased harvest to estimate the
changes in sales shown in Table 11-2.

b/

— The $31.41 per bushel harvest price and the other per bushel sales
figures given in footnote 2/ are prices for 1980 from Resources for Cape
Ann, 1982, updated to 1982 prices using the soft shelled clanms price index
from National Marine Fisheries Service, NOAA 1982.
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argued that secondary effects should not include direct inconme effects. | f
this were the case, then the shellfish harvesting secondary effects estimates
shown in Table 11-2 would be reduced by about 60 percent, the related shell-
fish industries by approximately 20 percent and the recreation activities by
around 50 percent. However, it does not appear that the direct income
effects woul d be double counting either the willingness to pay for inproved
recreation experiences or the changes in producer or consuner surplus due to

i ncreased shel |l fish harvest.

In evaluating the range of secondary effects estimated in Table 11-2, and
in addressing the question of whether and how nuch of the secondary effects
shoul d be added to the primary benefits to derive the total benefits

associ ated with each pollution abatement option, the inportant consideration

is the level and type of unenployed resources assuned. If there is
wi despread, |ong-term unenploynent, then the full anpunt of the secondary
effects could be counted and the upper bounds in Table 11-2 used. If there

is a full enploynent econony, then secondary benefits would be either zero or
the difference between the value that the resources currently earn conpared
to what they would earn if they were enployed in activities stinmulated by the
abatenent option, if these values are different. As nmentioned above, the
kind of detailed |abor market analysis that would be required to estinmate
this difference is beyond the scope of this study. | f sone unenpl oynment
exists as is the present situation and if a | abor nmarket analysis showed that
it was likely to be long-term and conmposed of the skill levels required by
the economic activity generated, then the |ower bounds in Table 11-2 may be

the best estimates to use and woul d represent a noderate benefit |evel.
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11.3 Linmts of Analysis

The major problemin carrying out this analysis is detern ning whether
the secondary effects that can be estimated should be counted as benefits and
added to the primary benefits of the pollution abatenent options. The data
are lacking to estinate the degree to which resources required for the
i ncreased economic activity generated by the pollution abatenent options
woul d be otherw se productively enployed in the long run. Since we are
interested in estimating net benefits, transfers of resources already
occupied to activity stinulated by the pollution abatement options should not
be counted. Even given high unenploynment as is the case in the current

recession, it is difficult to appropriately handle this problem

Another limtation of this analysis of secondary effects is the |ack of
an input-output nmodel of marine related activities for the Boston area. A
rel ated problem was the |ack of data to compute output multipliers for the
SNEMR. The availability of these data woul d have produced a better range of

esti mtes of secondary effects.
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Section 12

Charl es River Basin Benefits

The Charles River Basin has been designated by the MDC as one of the four
CSO planning areas. The Charles River Basin includes the Rack Ray Fens, the
Muddy River, Al ewife Brook and the Charles River itself. The basin is mxed
fresh and salt water and is used primarily for non-contact recreation, both
on the water and at the water's edge. There is little or no fishing in the
Charles River Basin. The Charles River is the nmajor water resource in the
Charles River Basin and draws the greatest number of recreators. For this
reason, as well as data limtations, we have chosen to estimate benefits only

for the Charles R ver.

12.1 The Charles River

The Charles River is 80 niles long, with a watershed of 300 square
mles. The portion of the Charles that is contained in the Charles River
Basin CSO planning area runs fromthe Watertown Dam to the Charles River Dam
near the mouth of Boston Harbor (see Figure 12-1). This section of the River
has an average annual |evel of 2.38 feet, and contains approximtely 675
surface acres of water. The length of the River within this stretch is 8.6
mles. The Charles River is an inportant water-based recreation resource,
especially to the towns through which it flows. Al though there is currently
little swwming in the river (and none predicted with the proposed CSO
pl ans), the river plays host to a variety of boaters. Sai ling and
not orboating are extrenely popular, especially at the wi der portions of the

river, near the Harbor. There is also a significant nunber of people who
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scull on the Charl es. Every mmjor college and university in the Boston
area has a boat house along the river; their crew menbers practice al nost
daily during the spring and fall nonths. The river is also an aesthetic
focal point for other recreation-based activities. An MDC bi keway
follows the course of the river and doubles as a running path.

Pi cni ckers, sunbathers, and strollers also take advantage of the open
space provided by the river. Mjor cultural events such as crew
regattas, formal and informal concerts, and city festivals take place
along the river's edge and attract thousands of residents and

si ght -seers

The Charles River violates the state water quality standards. Those
standards (a rating of "C') allow non-contact recreational use. The
river is polluted with extrenely high levels of coliform counts, odors,
fl oatabl es, debris, and turbidity. The reconmmended CSO pl an (see Section
3.5) includes capturing, transporting, and storing overflow fromthe CSOs
and is predicted to result in 50 to 80 percent renoval of suspended and
floatable solids, coliforms and BOD;. Water quality will inprove

greatly although swiming will still not be pernitted

It is difficult to quantify the instream and near-stream user
benefits to be gained frominproving the water quality in the Charles
because of data and nethodol ogical limtations. Unli ke swi mming
benefits, there are no good travel npdels or data available to predict
how user participation and utility will increase. There are al so few

intrinsic value studies which are applicable to the Charles River area.

We have chosen two techni ques and two studies to eval uate user and



12-4

non-user benefits from abating pollution along the Charles River. User
benefits to boaters are estinated using a boating participation nodel
devel oped by Davidson et al. (1966) while both intrinsic and user
benefits are devel oped by applying results from a contingent val uation

survey (RTlI, 1983).

12.2 Boating

The effect of water quality on the |evel of recreational boating has
been studi ed. The results of the Davidson et al. study (1966) show that
the number of participants within a given population as well as the
nunber of days of boating participation per year show significant
increases with inprovenent in the quantity and quality of avail able
wat er s. Davi dson's approach to estimating boating-related benefits
i ncludes calculating (a) the change in the probability of boating
partici pati on anobng the general population as a result of inprovenent in

water quality and availability and (b) the change in nunber of days of

partici pati on per year. The Davi dson nodel attributes nost of the
benefits of water quality inprovement to new participants. It does not
capture any benefits accruing to current boaters. The Davi dson nodel

estimated, in a study of the Delaware Estuary, that each increase in
recreational boating water of one acre per capita resulted in a 38
percent increase in participa- tion rates (i.e., the probability of an
i ndi vidual participating in boating increased by 38 percent). The
portion of the function describing boating participation, which is

applicable to this study, can be expressed in the follow ng reduced form
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BP = 0.38485(AW) + 0.03142( a FPS)
where BP is the probability of boating participation

w is the per capita acreage of recreational water available
FPS is the recreational facility rating.

The FPS variable represents an index of the quality of boating facilities. A

rating of "1" inplies "no facilities," while a rating of "5" suggests "very

good facilities. wa/ Soci oecononmi c variables were included in the regres-
sion, including education, income, occupation, age, and race, but were not
well correlated with boating participation. Davidson et al. also assuned

that elimnation of pollution discharges into the Del aware Estuary woul d

produce a ninimal one point inprovement (from2.0 to 3.0) in the FPS rating.

12.2.1 Met hodol ogy

It is possible to apply this nodel to the Charles River. Estimation of

boating-rel ated benefits involves the follow ng steps:

a. Estimate the increase in recreational boating water and boating
facilities frominproving water quality in the Charles River as a
result of inplementation of the CSO plan;

b. Estimate the change in the probability of boating participation in
the general population as a result of inmprovenent in water quality

and availability of boating facilities;

C. Estimate change in total participation attributable to water quality
i nprovenent s;

d. Estimate the value of the additional boating days.

The first step involves estimating the increase in recreation boating
water ( &W) and facilities (AFPS) as a result of inproving water quality.

Al'though AW is the key explanatory variable in the Davidson equation,

2/ Davi dson et al. used fishing facilities rather than boating facilities
because the former were not available for their sanmple area.
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the value of the variable is quite small for the Charles River. The Charles
River has only 675 acres of water available for boating of all kinds.

Al though the Charles is polluted, there appear to be few portions of the
river which are unboatabl e because of pollution. Therefore, the change in
acreage of recreational water available per capita following water quality

i nprovements is essentially zero. Although this assunption of zero change in

wat er acreage night appear to be too conservative, even if we were to assune
that all 675 acres of the river were previously unboatable, a AW of 675
acres would only lead to a very snmall per capita acreage increase of from

0. 0317 to 0.0318.9/ It is, therefore, apparent that the variable FPS wil |
have the greatest effect on predicting the change in boating participation.
Davi dson et al. assuned that elimnating pollutant discharges into the

Del aware estuary woul d produce a mniml one point inprovement in the
recreational facilities froma rating of "2" to a rating of "3." The sane

assunption was used for the Charles River, that AFPS is 1.

Calculating the total additional boating days requires information on
current boating use of the Charles River. As described in the sw mmng sec-
tion, recreation statistics on attendance and days per participant are not
officially recorded by the MDC. W have, therefore, used a nunber of sources
to estimate a range of boating participation on the Charl es. I nf ormati on
froma study by Binkley and Hanemann (1975) indicates that 850 visits were
made to two sites along the Charles River during the sunrer season, and that

5.6 percent of the visits were boating-rel ated. Results from the study

a/ Dependi ng on a range of 183,000 -1, 680,800, boating participants as
described in Appendix E
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suggest that it is correct to assune that the survey sanple was statistically
representative of the entire Boston SMSA. These 850 survey visits can be
extrapolated into 68,000 fam |y visitor days and approxi mately 183, 000
visitor days (see Appendix E). This is probably an understated esti mte
because only two sections of the entire length of the Charles River were

sanpl ed.

An alternative method is to apply the approach used in the previously-
descri bed swi nming section which is based on regional recreation studies.
This nethod assumes that (1) 40 percent of the population goes boating, (2) a
user popul ation of 764,000 (see Appendix E for details), and (3) users go
boati ng an average of 5.5 days per year. The resulting boating days are
1, 680, 800. The Bi nkl ey-based estimate of 183,000 vistor days is used as a
| ower bound, and the recreation study-based estimte of 1,680,800 is used as

an upper bound. The | ower bound estinmate appears to be the nore reasonable.

Addi ti onal boating days can be estimated multiplying the previously
derived AW and AFPS value by the estimated nunber of general popul ation
boaters (see Appendix E for details). The increase in visitor days ranges

from 5,750 to 52, 810.

12.2.2 Benefit Estinates

Boating benefits from inproved water quality resulting frominpl ementa-
tion of CSO plans can be estimated by valuing the increase in visitor days

devel oped and described above. The range of user day val ues that have been
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devel oped for boating are presented in Appendix B (Table B—l)é/. By

applying this range of values ($9.27-$18.14) to the projected increase in
boati ng days, we can arrive at an estinmate of boating benefits, presented in

Table 12-1.

Table 12-1. Annual Recreational Boating Benefits

| | Total Annual

(1982%) | Nunmber of Additional | Boating Benefits

$/ Boating Day | Boati ng Days | (Thousands 1982%)
Hi gh 18.14 52, 810 958
Low 9.27 5, 750 53

Boating-rel ated benefits from inproving water quality on the Charles
Ri ver are nodest because the estimated increase in nunber of boating days is
smal | and because boating day values which are applicable to this study

represent the |ower, rather than upper, end of the range of user-day val ues.

12.2.3 Limts of Analysis

Cal cul ation of boating-related benefits is limted by the methodol ogy
enpl oyed, the data base, and the nunerous assunptions nade. The application
of the Davidson et al. boating nodel may lead to biased benefit estimates.
First, the nmodel only neasures benefits which accrue to new participants and

does not capture benefits of increased participation or increase in utility

a/ W have chosen not to use the boati ng val ue of $45.19 derived fromthe
NPA in conjunction with Charbonneau and Hay because we believe that it over-
states the particular value of boating on the Charles River. This is because
the greater portion of boaters who use the river do so in small-powered craft
(such as sculling shells, kayaks, small sailboats, canoes, and |ow horsepower
not or boats), rather than |arge-powered craft.
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to existing users. Second, the nodel may not, for a number of reasons,
be easily applied to an urban area. The key explanatory variable in the
nmodel is the supply of boatable water that is expected to increase
following water quality inprovement. In the case of the Charles River,
the value of this variable is extrenely small because virtually all 675
acres of river are currently used for boating. Even assum ng that al
acres were previously unboatable, the increase of 675 acres would only
lead to an increase of 0.0317 acres per capita and, therefore, would
account for only an 0.012 change in boating participation. The second
variable in the nodel--change in recreational facility rating--then
becomes the key explanatory variable of the increase in boating

partici pation. There are few places along the urbanized riverfront of
the Charles avail able for devel opnent or expansion of marinas and, thus,
we have assunmed that the one point change in facility rating reflects the
i nprovenent in boating facilities. Thi s assunption, however, is

difficult to verify.

O her problems with estinmating boating benefits from CSO pollution
control plans along the Charles lie in the available recreational data
There is scant information about days of boating participation along the
Charles and the percentage of the entire population in the Boston
Metropol i tan area who boat there. The use of user-day values is also
likely to bias the benefits estimtes. The | ower range of avail able user
day boating val ues (%$9-%$18/day) was used to cal culate benefits because of
the nature of boating (in non-notorized and snall-powered craft) on the

river.
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12.3 Intrinsic (Non-User) and User Benefits

An alternative nmethod for conputing the benefits from CSO pollution contro

plans on the Charles River is to apply the results of a contingent valuation

survey, which captures the ampunt users and non-users are willing to pay for
i mproved water quality. As nentioned previously, the Charles River is a nmjor
aesthetic focal point for recreation-based activities. It is difficult to

estimate the exact nunber of people who are not direct users of the River but
who, instead, ride, picnic, run, or stroll along the Charles' shores. It is
safe to assume, however, that there are probably few families or individuals in
the towns through which the river runs who have not enjoyed the river at |east
once. Cal cul ating benefits which accrue to these "non-users" is a necessary

a/

part of devel oping total benefits.—

We have chosen the results of a contingent valuation survey described in
detail in RTI (1983) to capture instream near-stream and intrinsic benefits
frominmproving water quality through upgrading CSOs in the Charles River
Basin area. A study conducted by Gramich (1974) to determ ne the
willingness to pay for inproving water quality in the entire 80 nmile length
of the Charles River was not considered applicable here, because the survey
only recorded results for willingness to pay for obtaining a swinmmble |eve
of water quality (classification "B"). The CSO plans and their costs have
been devel oped only for inproving the river to a level "C " or boatable use.
Also, the results fromthe Gamich study cannot be di saggregated by user and

non- user.

2/ For a discussion of non-user (Intrinsic) values and estimtion
met hodol ogy, see Section 9.



12-11

12.3.1 Benefit Methodol ogy and Esti mates

Estimates of willingness to pay for inproving Charles River water quality
can be derived by applying the results of a study conducted by RTlI, along the
Monongahel a River in Western Pennsylvania. The RTI study used a contingent
val uation approach to neasure willingness to pay for inproved water quality.

Results fromthe RTI study suggest that user and non-user househol ds are

willing to pay $18.68 (1982$%) for water to go from boatable to fishable
condi tions. a/ In order to calculate total benefits, it is necessary to
multiply this dollar WIP val ue per household times the regional househol d

popul ati on.

For the Charles River area, an upper bound was established by including
resi dents of towns bordering or very close to the Charles River: Canbri dge
(95,000), Sonmerville (77,000), Watertown (34,000), Newton (83,000), Brookline
(55,000), Boston, (560,0000) or a total of 905,000.9/ Assumi ng an average
househol d size of 2.69,9/ an upper bound househol d population figure is
cal cul ated to be 336,000. A |lower bound can be devel oped by assuning that
only one half the popul ations of these towns benefit from CSO based water
quality inprovenents, or 452,000 people, which translates to a | ower bound of
168,000 households. Multiplying the RTI-derived WIP val ues of $18.68 by the
range of applicable households results in significant benefits, presented in

Table 12-2

2/ This is based on a direct qguestion framework, users and non-users.
See page 4-32, RTI, 1983.

b/ Based on data from 1980 Census.
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Table 12-2. Annual Estimated WIIlingness to Pay
for Fishable Charles River (1982%)

| Per sons | W 1ingness | Annual
per | to Pay | W lingness
Popul ati on ! Househol d | Val ue ] to Pay Value
Hi gh 905, 000 2.69 18. 68 6.28 mllion
Low 452, 000 2.69 18. 68 3.14 mllion

12.3.2 Limts of Analysis

Benefits to instream users, near-stream users and non-users of the
Charles River are substantial. These results should be interpreted wih cau-
tion, however, for a nunber of reasons. The accuracy of benefit values is
constrained by use of off-the-shelf nodels. The willingness to pay val ues
used here are derived froma study area which may be sociol ogically, econo-
mcally and educationally different from the population within the Charles
Ri ver Basin planning area. People in the northeast, for exanple, recreate
nore often than those in the central regions of the east (1979 Survey of
Recreation). The Charles River population is also nore highly educated and
has hi gher incone on average than that in the Mnongahela study area. The
geographi cal nature of the two areas is also different. The Monongahel a
River, and the region surrounding it, are larger and nuch nore rural than the
Charles River and its study area. The urban setting of the Charles, the
relative scarcity of other close by recreational rivers, and the previously
mentioned soci o-econonic differences suggest that the Charles River popul a-
tion in Canbridge and other towns might be willing to pay a higher price for
river cleanup. Benefits are also understated because consuner surplus was
estimated only for the Charles River portion of the Charles R ver Basin CSO
plan; the methodol ogy therefore does not capture benefits accruing to recrea-

tionists in the Back Back Fens, the Muddy River or Alew fe Brook. The upper
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bound figure of $6.3 mllion is probably the nore reliable estimate of tota

benefits.

12.4 Summary

The benefits of inproving the water in the Charles River in the CSO
Charles River Basin Planning Area are many. Benefits accrue to instream
users (boaters) and near-stream users (picnickers, strollers, bikers, etc.)
al i ke. Best annual boating benefit estimtes total $958,000 and probably
understate all boating benefits. Results from a contingent valuation survey
capture both user and non-user benefits by applying willingness to pay val ues
derived from a study of the Monongahel a River. The upper value of $6.3
mllion is probably the nore reliable estimate of total benefits from
i nproving water in the Charles River, although this figure may al so under-

state all benefits.
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