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SYNCPSTIS

This study is divided into two parts: Part I is an

analysis of the determinants of local governmuent expenditure

1]

on water pcllution akatement facilities; Part I1 is an in-
vestigation of the incidence of costs and tenefits of pulli
envirornmental pregrams. Thus, I ccnsider issues in th
of social choice and income distribution within the context
of environmental economics. Empirical édata from the Merri-
mack River Basin formed the Lkasis of this work.

In Part I of this thesis, I am concerned with idencify-
ing the types of cues which local govermments respond tc in
setting levels of water pollution abatement expenditures:
are these cues strictly imposed from the £=deral level, or
do localities in fact have sufficient flexibility to respond
to community preferences? In pursuance of an answer to this
questicn, I analyze several alternative nccels of government

decision-making and trace through the implicaticns of th

m

Sa2

FHh

alternative mcdels for the ievels of water polluticn akate-

ment selected. =

Two general models of government decisions were analyzed:
tkhe adding machine uta-e and the organismic state. Thes view

that the state may be treated as a simple acdding macaine

d

has a lcng

o 2 3 .
Buchanan,l Ruchanan a2nd Tullock,” and Downs. In this

g]

historvy. The metaphor is perhaps best associated

*James Suchanan, "The Pure Theory of Government Finance:
A Suggested Apprcach’, Journal of Politiczl Econcmy, Vol.
LVII, Nc. 6 (Deceumber, 1849}, cp. 4986-505.
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paredigm, government scructure is a function strictly of

coemmunity characteristics; thus, the arnalysis concerntrates
on predicting preferencas entirely on the basis of the latter.
If we abstract from problems of uncerteinty, this model pre-
dicts that expenditures on public gocds perfectly mirzox
community prefererces. Within the constraints of this model,
two suk-models, two rules of aggregating preferences, may be
devised. In the traditicnal theory, typically, a one man/
one vote voting paradigm has been assumed. Mcre recently,
gome attention has been devotsd to an interest greoup voting
mcdel; here, homcgeneous aggregates of voters are clustered
about specific issues. This latter mcdel suggests that in-
tensity of preferences, inscfar as this is revealed is mem-
bership in an interest group, 4is counted in the decision
prccess. In the traditional one man/one vecte model, intens-
ity of preferences is largely ignored.

As an alternative to the adding machine state. some re-
searchers have posited an organismic state. According td this
model, politicians themselves have‘preferences wﬁiah are not
sinply derivative from voters' preferences. Instead, govern-

ment decisicns depend upon some sulh of voters' preferences,

- -
“Buchanan ard Tullock, The Calculus of Consent (Ann Arbor,
Univexrsgity cf Michigan Press, 1962).

An-ho ¥y Dowiis, An Ezoncniic Theory of Democracy (Mew
YOI}C; nur:Jnf..; 3.95?) -
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2’ the iudependent preferences <f the political
actor. Here, state performance can be predicted only by
considering the structure of lccal government in aaditicn to
community preferences.

Estimatas of the relative importance ¢f ccmnunity prefar-
ences versus technical constraints ir datermining local
sewage treatment plant expenditures were made under the four
alternative specifications of gcvernment decisiorn-making.

In addition to estimating the importance of local prsferences
in the environmental area, I considered two side issues:

(1) Are politicians sensitive to interest groups and,
in particular, to property owners in setting water polluticn
abatement expenditures?

(2) Do the independent preferences of decision-makers
mitigate the influences which local preferences exercise in
determining expenditure levels?

The empirical work in this thesis suggested that
slightly more than 35 percent of intermunicipality variance
in water pollution abatement expenditures can be explained by
community preferences. Town inccome levels, proximity to the
river, and the distribution of property ownership were par-
ticularly significant. Thus, despite relatively stringent
federal regulations and standards, individual towns retain

1 de

ot

ermining their csewage treatment

|
!

significant flexibility
plant expencditures. The empirical work in this thesis pro-
vided only minimal support for the interest group model cf

government.

viii



On the other hand, there was some evidence that ievels
of political ccmpetition affect the extent to which community
preferences are reflected in the decision process. In par-

ticular, the evidence suggests that low levels of poli

ot
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competition, if measured as plurality in elections, re

b

3

3
-
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in high levels of water pollution akatement expenditures.
Scmewhat less reliable evidence suggests, furthermore, that
low levels of political competition encourage tcwns to finance
these expenditures through increases in property taxaticn,
rather than through selective reducticns in other expenditure
categories.

Part II of this thesis is an empirical investigaticn cof

it

he incidence of the costs and bkenefits of water pollution
abaterent; the Merrimack River Basin is used as a case study.
Previcus studiec in the field of snvironmental sccnomics
have assumed that such expenditures are financed exclusively
through property tax increases; in this study, I attempt to
determine the source of pollution abatement funds mcre care-
fully. 1Irn particular, local governments have two hasis
methcds of raising funds for new expernditures: they can in-
crease the property tax, cx they can reduce other gxpendi—
tures. In determiring the new revenue sgcurce, I ccmpare tlie
with-pclluticn exéenditure town budget with a hypothatical
budget constructed assuming no pcllution abatement cccurred.

In this study, this hvpothetical budget is constructed by

-
£


http:assUi-:.cd
http:e}:pen'.ii
http:abate..11
http:poll'.lt5.on

5}

extrapolacing historical tax and exvenditure lsvels of study

tewns according teo certain a2ssumed kudget growth rates.
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reas in which expenditure sub-

The cost analysis suggested that almost half of the
new expenditures for water pollution abatement were financed
through expenditure substitution. Expenditures in the areas
of public safety and parks and recreation weres particularly
susceptible to cut-kacks.

On the basis of this analysis, the ccst incidence of

water pollution abatement was evaluated. The evidence sug-

o

gests, first, that costs are regressive: +that is, income in-
creases faster than coste; and second, that these incidence
estimates are very sensitive to the choice bketween property
taxation and exgpenditure substitution.

In orcder to determine the incidence ¢f bhenefits of water
pollution abatement, a telephcne survey was conducted. Two
wndred people living in the Merrimack River Basin were in-
terviewed for recreational use patterns and willingness to
pay for river quality imprbvements. An arnalysis of the data
indicated that the benefits of river quality improvements in-

" i+

crease more than croporticnately with income, accrue more to

honecwners than to renters, and increass with the educational

level of the respondent.



suggests, first, that the net benefits of river quality im-
provements increase as income increcases; and, second, that
these maldistributional effects may be significantly modi-

fied by changes in local goverrment firanuing mechanisms.
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In the field of environmental eccnomics, it is posesible
to distinguisih four major problem areas which have receivead
attention. £first, substantial research has been done using
enviranmentzl degradation as an exanple c£ the more generzl
problem posed by externalities for the acitievement of Pareto
cptimality by competitive market mechaniswis. Perhaps the
greatest efZcrts in the environmental area have been concen-
trated cn a saconrd problem: cquantifying the net benefits of
public envircnmental programs. Research interest in the gov-
ernment has keen particularly devoted to this strict effi-
ciency measurement.

This study concentrates on two envirconmental problems
which have received scmewhat less attenticn. First, how are
decisions about optimal levels cf environmental gquality made?
Since the environment is appropriately viewed as a public
good, the output decizion clearly introduces issues in the
areas of social choice and the nature of political decision
processes. This study further considers the incidance cf

costs and benefits of pubklic envirommental programs; current

[

public concern w

aggregative cost-benefit analysis is insufficient. Thus,

this study is primarily an empirical invesctigation of prob-

lems of sccizl choice and equity posed by environmental gqual-

th distributional issues suggests traditional
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1.1 The Prcbhlemn

An externality exists wnznever the prodiz.ot’non decisicns
cf one econcmic agent enter directly into th= production
function of another.l Under these conditicns, the Pareto op-
timality of 2 competitive equilibrium is no lnonger cuaran-

s in this sense that externalities beccine a problem

(g
1]
(1]
2
H
m
[N

both f£or eccnomists and for pcelicy makers.

Water pollution is a prime example of an externality:
firms and municipalities in the process of producing sone
gcod or service also generate a seccndary product--water poli-

lution. This pollution in turn affects other firms, munici-

palities, and, finally, ccnsumers. Givern the existence cof

ransactions costs, uncertainty, and inequalities in bargain-
ing power, all cf which prevent the market mechanism from
fully internalizing the social ceosts of water polliuticn, the

government has increasingly begun tc intervrene and attempt

to directly zlter the national level of water pollution,

i
A A great deal of literature exists on defiring external-
inc

ities, cluding Paul Samuelson, Fouvndatiors of FEconcmic
Analysis (Cambridge, Harvard University Press, 1947}, pP. 203~
256; James zZuchanan and William Craig Stubliziebine, "IExternal-
itv*, Econczica, Vel. {XIK, No. 116 (Movemner, l,-g; pg. 371-
384; E. J. :.isnan, "R2flecticns ca Pecent Developments on the
Concert of fxte .haT ffe"+s“ Canadian Journal, Jol. XXXI,

¥o. 1 [(Februarv, l19€65), pp. l 34,

Kenneth Arrow, "Political and Economic Evaluation of
Social Tifects and Externalities", in Marcoliis, 'he Analvsis
of Public Cutwut (Hew York, uht+onal Bureaux oi Economlic He=-
search, 1570}, pp. 1-23.
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The usual stated objective of public proijects in general

and of water pollution projects in particular is to increase
social welfare, where social welfare is deiined as some

function of the utilities of individuals in that society.

‘In practice, the type and extent of government action is de-

cided primarily on the basis of efficiency4: programs are
adopted on the basis of comparisons between the present
value of benefits and costs of the project. In many cases,
however, application of strict cost-berefit analysis is in
conflict with the purported social welfare goal.

In particular, from a social welfare perspective, there
are really two prcblems with an exclusive reliance on cost-
benefit based project evaluation. In the first place, in
many instances, the analysis conciders only the aggregats
costs and benefits of pollution control. A mapping is tuer
made, at least implicitly, between the net income generated
and the overall utility of the project. The issus of who
benefits and whe pays is not considered. ©n the cther hand,
both aggragate levels of income and tre distributicn of in-

are

H

come enter into the usual fcrmulation of the social wel

1]

3Kenneth Arrow, Social Choice and Individual Values
(Mew Haven, Yale University FPFress, 1951).

4-?

J s

T. Bonnen, "The Absence of Knowledge of Distribu-
tional Impacts: An Obstacle tc Effective Policy Anzlysis
and Decisions", in Haveman & Marceclis, Public Expendirzurss
and uolng“A nalysis (Chicagc, Markham Pubiishing, :87C),
PP. 246=270, -
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function.> Imagine, for example, that there are two aroups
ir a society, oane of which pays $10 for psiiution control and
receives nc benefits, and the other which pays nothing for
abatement and receiveg $29 in benefits. Naive cost~benefit
analysgis, considering only $10 versus $20 would recommend
acdoption of the program. This program, however, would (1) not
be Pareto-approved, and (2) might not be approved from a so-
cial welfare perspective,

There is, however, a nore subtle problem with the ap-

plication of cost-benefit analysis. Suppose the cosis and

0]

benefits for the twe groups were calculated separatelv, and
we found that for both groups the benefits of the progrém
in question exceecded its costs. Adoption ¢f£f the program,
then, in contrast to the example given above, wculd be Pareto-
approved. However, if the community has a commitment to an
equal distribution of real income, anéd the pvroposed prcjsct
differentially benefits the richer of the twe groups, it
etill might be an inferior move from the perspective of maxi-
mizing social welfare.

In short, if water polliution abatement programs are to
be consistent with the policy go2l of increasing social wel-

fare, distributional as well as aggre

o
)
fu
t
l:-
i)
(1
&1}
Iy
[p]
[ ]
(t
n
8
ki
s
]
[
ul
bt
1

levels nmust be consider=ad.

= = = . L -
Ropert daveman, Water Resource Investoent and the Tuo=
lic Interest (Tennessee, 1963), Chcpter 6.
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Thiz study atiempts to determine the extent te which,
in the contaext of the discussion above, current water polliu-
ticn akatement programs in fact act to increase net sccial
welfare. Tha study itself is divided intc two parts.

In Part 1, Chapters 2 and 3, I consider the det=zrminants
of local government expenditures on water pcllution abate-
ment facilities., In particular, I am concerned with identify-~
ing the types of cues which local governments respond +o0 in
setting levels of water pollution abatement expenditures:
are these cues strictly imposed from above--viz. from the
federal level--or do local governments in fact respond to
local preferences? 1In pursuance of some answer tc this
gquestiocn, I analyze several alternative models of local de-
cision making, and trace through the implicaticns of these
alternative models for water pollution abatemant expenditures,
Scme econometric evidence on the relative viability of each
of the models is presentad. The treatment of alternative
mcdels of government is very much in the tradition of con-
ventional lIndustrial Crganization, in the sense that local
governmants are assumed to be resource-allocating organiza-
tions with zwezified cobjective funcrions and ceonstraints;
the attempt is muade to use these objective functions and

constraints to predict expected output of public gocds and
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In Part 2 of this study, the effects cf thesa lccal
government expenditures on the distribution of incom= in the
study area is considered. In particular, I consider the

distributicn of the costs of government expenditures on water

pollution abatement among icccome groups relative to the dis-
tribution of benefits. The empirical work which underlies
this analysis was conducted in the Merrimack River Basin; a
description of the study area follows in Section l.2.

1.2 Description of the Study Area

The Merrimack River Basis has its heacéwaters in the
White Mountains in New Hampshire. The major stem is formed
by the confiuence of the Pernigewasset and Wiahepesaukse
Rivers at Franklin, New Hampshire. From Franklin, the River
runs south for 78 miles to the Massachusetts border, where
it turns abruptly east for about 45 miles, emptying intc the
Atlantic Ocean at Newburyport, Massachusetts. One of the

main kranches of the river system is the MNashua River, which

originates in Central Massachusetts, flows inte lNew Eampshire,

and tributary tc the Merrimack at Nashua, New Hawpshire., A
map of the Basin follows in Figure 1.1.

The guality of the water in the main stem Merrimack is
among th2 worst.in the country. 1In 1972, the river was
classified as the third most polluted waterway in the nation,
trailing only the Cayahoga in Ohio, and the Houston Ship

Canal in Texas. The Merrimack is inundated with both
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industrial and municipal untreated wastewaters.

industries in the bas

leather tannin aper, textiles, and meat packina
r T T =

water gquality contaminents enter the River

industries, and metal plating works. The

the industry in the basin are cu

any treatment.

Municipal wastes are respeonsible for a large

the poor water quality in the basin. The sewered

of the basin approached 700,000 in
towns and cities in the study area

median income levels

geneity of the area towns.) In 1964,

bacteria, suspended soiids,

20 percent.
the water untraated,
have only recently begun to improve wastewater

The lack of treatment facilities is compounded by

valence of combinzsd sewers in the basirn

susveys confirm the low water guality

basin. full classification of the basin,

by the ;7 Corps, is given in Table 1.2.

the river maintain no dissolved oxygern;

the water, zand the resultant anasrobic decompos

ganic materials produces noxious odors.

are provided tc illustrate the

and the major urkan centers in the

The maior

in are heavy BOD poliuters and include

Exotice

from the tanneriecs,
westes [rom

rently not receiving

porticn of
population

of the

treatment reduced the
and BCD loading by less than

over 20 percent of the municipal wastes enter

]
2]
F

i

treatment.

the pre-

of the

recently done

reaches of

DL

Feczl coliform ccunts

I S RS -

i -'—WW - ——



TABLE 1,31
Medlian Income of Towns in the Merrimack
TOWN INCOME TOWN INCCME
Alton $ 7233 Laconia £ 7696
Andover 12730 Lancaster 7567
Bedrord L1677 Lawrence 7367
Belmont 7000 Leominster 3985
Billerica 10928 Lowell 7376
Boscawan 6569 Lunenberg 10316
Bow 7500 Manchester 7500
Chelmsforad 13092 Meredith 8022
Claremont 8778 Merrimack 11384
Concord 7589 Methuen 9739
Dracut 10282 Milford 2247
Fitchburg 7676 Nashua 3202
Franklin 7523 New Lendon 12000
Gilfora 10720 North Andover 10249
Goffstown 6626 Northfield 6500
Gorham 8512 Pembroke 8223
Groveland 11052 Peterborough 10718
Haverhill 7631 Pittsfi=14d 8707
Henniker 7500 Plymouth 4470
Hillsboro 7242 Sanbernton 800C
Hinscale 9317 Tewksbury 11250
Hooksett 8683 Tilten 6843
Hopkinton 10802 Warner 7000
Hudscn 10596 Westminster 10250
Jaffrey 9670 Wolfeboro 8791




TASLE 1.2

Present Condition of the Merrimack

RIVER MILE

. River Basin Area

RIVER BEACH

P T{ T SEnT

e i N - il A

B .

R R g

r—_—.u-um.;,.nq L P e ———

From-To From i) CONCITiCY
0-11.80 Atlantic Ocean Rocks Village Bridg= L& C
javerhill, Mass.,
11.80~-21.65 Focks Village Bridge Creek Brcok DU
Haverhill, Mass. Haverhill, Mass.
21.85-28.3%2 CreeXk Brook Essex County Dam oD & U
Haverhill, Mass. Lawrence, Mass.,
28.99~-33.03 Essex Co. Dam Fish Brock D & U
Lawrence, lMass. Andover, Mass,
33.03-40.50 Fish Brook Pawtucket Dam D&U
Andover, ilass. Lowell, Mass.
4C0.60-47.35 awtucket Dam Tyngskorough Eridge D &U
Lowell, Mass Tyngsborough, Mass.
47,.35-49.,82 Tvnasborcugh Bridge New Hampshire/Mass. D & U
Tyngsborocugh, Mass. State Line
49,82-54,80 New Hampshire/llass. Merrimack River &
State Line (Abcve conf. of
Mashua River)
54.80-68.05 Merrimack River Goffs Falls c
(Above conf. of Manchester, N, H.
Nashua River)
68.05-73.14 Goffs Falls Amoskeag Dam e
Manchester, ©N. H. Manchester, N. H.
73.14 Amoskeag Dam Eastman Falls Dam C
Manchester, N. H. Franklin, N. H.
(At conf. with
Winnipesaukee Riverj
Classificaticn Fevy

A: Potentially acceptabie for public water supply after disinfec-
ticn,

B: Suitable for bathing, other recreaticnal uses, agricultural uses;
industrial processes and ccoling; excellent fish and wildlife
habitat; gcod aesthetic value; suitable for public water supply
with apprcpriate treatment.

C: Suitabl recreaticnal boating
iﬁ‘

and

avigation, and trans

¢ 2 = T portaticn of sewags
te and certain industrial uses.

D & U: 3Sai
and was

-10-
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of ten times the starndard fer bedy contact recreation have

been recorded. Paper fibers line th= river banks, and in

scme places are as thick as cardboarz, Pasticides are presen

in concentrations cof over three times the standard for fre

wastewater. In short, the Merrimack kiver Basin provides
real challenge to the efficacy of ccocvernmant programs in

achieving high lesvels of ambient water quality.
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An Analysis of Public Decision-Makingy

in the Area of Water Pollution Abatenmsent



ts of the Water Pollution Abatement
£ Leccal Governments

There is a significant amount of variance in intermunici-
paiity expenditures on water pollution abatement. Is this
variance a function of technical variables. as, for example,
population and quantity of waste discharged; cor is it a re-
flection of cross-rmunicipality differences in community pref-~
erences ifor clean water? Clearly, the answer to this gues-
tion will affect the way in which the end results of new
water pellution abatement legislation are viewed. In par-
ticular, the enthusiasm or disapprobaticon with which the

distributional effects of these new programs are viewed de-

pends to som= extent on whether those distributionzl effects
constitute a secondary result of the achievament of other

cormunity preferences or whnether they result from the impesi-

1

tion of federal legislation. Perhaps wmorse importantly, to

the extent that the distributiconal effects cf new water vol-

-

lution abatement programs™ arz viewed as adverse, determining

the cauze

tn

£ differences in expenditure lsve will help %o

R}

A2 most appropriate mechanism by which that pollu-~

Ih

identi

ct

5
tion abatement level and, hence, distributicnal effects may

be changed.

istributicnal effests are analyzed in Pzrst 2 o
study. =




In this chapter, I attempt to get a grip on the causes

b

of variance in local watar pollution expenditure lev

(A
=

S by
examining a number cf alternative models of the way in which
leczl governments formulate expenditure decisions. In par-

ticular, I focus on the extent to whicn alternsitive mcde

]
—

s
predict that community preferences will be translated into
particular water pollution abatement levels. In Chapter 3,
some eccnometric evidence predicated cn each c¢f the alterna-

tive decisicn models developed hexre is presented; the rela-

m

tive viability of each of the mcdels in terms of predicting

expenciture levels in this area is thus illustrated, and,

=

finally, the relative impeoritance of each of the technical -

and community preference variables for the final expenditure
level is estimated.



-,

2.1 The Model

Any mocdel of the political decision process must begin

by characterizing twe basic dimensions of the pol

tical or-

be-

[
@]

ganization under analysis: the motivations of the actors

within that organizaticn and the opportunity set which con-
strains those actors. In this sense, the analysis of the
state parallels much of the work done on the theory of :the
firm. 1In particular, the state may be viewed as a ratioanal
resource-allocating organization responsible for some speci-
fied set of pricing and output decisions.

Much of the analysis done on the theory of the firm
concentratzses on identifying and clarifying the relationship
between industry structure and industry performance. There
is a similar attempt in this study to use variables rasflect-
ing government structure to predict state cutput and pricing

decisions. Two sets of structural characteristics will be

considered: government organizational and institutional vari-

ables, and community characteristics.

Bast work on political organizations has relied upon cne

of two metaphors as a description of the state: the adding
machine state versus the organismic state. A 3et of mctiva-
tions and opportunities are implicit in each of these %wo

models. In this chapter, these twe kasic metaphors cf the

state will be reviewed and extende th= motivations andé cop-

portunity set implicit in cach cf the mecdels will be defined

'

-
i



and, finally, the predicticns yielded by each of the models
on the important Jdeterminants of intermunicipality variance
in the level and financing of water pollution zbztement pro-
grans will be considered.

The view that the state may be treatec as a simple add-
ing machine has a long history. The metapiicr is perhaps best
asscociated with the work of Buchananz, Bucizaran and Tullcck

4 . F . ; ;
and Downs . In this paradigm, government structural attri-

thus, the analysis concentrates on predicting performance

entirely on the basis of the latter.

In Buchanan's model, the state is individualistic; it
acts strictly as "a set of prccecsses or machine which allcows
collective action to take place“.s Buchanan's model of *he
state is limited even further: he suggests that the need
for collective action, and, by extension, the need for the
state, arises only in the case of "public" or indivisible

gocds. Thus, Buchanan's state is limited both in terms of

2 . i
Jamas Buchanan, "The Pure Theory of Governmsnt Tinance:
’ Y
A Suggestsd Approach", Journal of Folitical Eceoncmy,; Vol.
LVII, YNo. 6 (December, 1949), pp. 496~503.

3Buchanan and Tullcck, The Calculus of Consent (Ann Arbor,

University of ilichigan Press, 1962).

4 g
Anthony Downs, An Fconomic Theory of Democracy (MNew

York, Harpers, 1957).

SBuchanan apd Tullicek, 6b. Cit., P 13.
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its motivations, and in terms of its sphersa. The benefits
from the production cf one unit of a private gooé accrue
strictly to the purchaser of that gcod; ir this sense, we
say that private goods are divisible, or that their ben=fits
are appropriable, Tha sam;-is not true of a public good.
The producticn of defense, fcor example, affects everycne,
whether people choose to "purchase” defense or nct. Since
bernefits accrue without individual purchase of the goog,
there is no way for the free market pricing svstem to regis-
ter preferences. It is here that Buchanan's state inter-
venes, and acts to sum up ail the utilities available for
the production of the indivisible gocd and, thus, determines
the cptimal output of that gccd.

Downs humanizes Buchanan's theory of the state somewhat
by attributing motivations to state actors (politicians).
Downs' politicians choose output and pricirng bundles in
order to maximize their vote-getting ability. Moreover,
the sphere of the state is not limited to the area of pure
public gcods. The attribuction of motivaticne and utility
functions to politicians, ccupled with the extension of the
arena of government, broaders the Buchanan state considerainly.
However, inasmuch as Downs' votes are simple summaticns of
voter utility functions, in the final anal:x’sis his state toc
operates tc maximize voter utility. Cnce again, performance

in terms of output

3]

nd pricing of public goods is determined,

albeit more indirectly, by community attributes.

e
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The adding machine model is implicit as well in much of
tne more basic theoretical work done on sacial welfare func-
tions: Arrows, BergsonT, Eamuelsona, and others all assume
that government acts tc maximize some function (here W) which
has as its arguments only the utilities of the citizens in
that community. The primary debate in this literature con-
cerns not the nature of the arguments of W, but only the form
of W; that is, the tallying method which is to be used by the
state machine.

It is interesting to consider the implications of the
adding machine model in terms of the motivations of local-
politicians. The only input into the machine is the prefer-
ences of voters. If we assume that there sxists scme one-to-
one correspcndence btetween citizen preference on an issue and
citizen vote for a political office holder, then the adding
machine model implies that politicians are motivated strictly
by votes. Indeed, in the Dcwns model, this objective func-

tion is wade explicit.

Kenneth Arxrow, Sccial Choize and Iladiwvidual Values
faven, Yale Urivecsity Press, 1970).

8

tures”", Review of Econcmics and 3tatistics, Vel, XXXVI, No. 4

Paul Samuelson, "The Pure Thecry-of Public Expendi-

= i

(Novemker, 1253), pp. J67-363.
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Within the context of the adding machine metavhcr, the
pelitical science literature suggasts two functional forms
for the social walfare fuacticon; two possible tallying methods

for the machine.

. x ", : e a
In the first mcdel, best associatsed with Duncan Black

and later with DPavis and Hinichlo, the politician maxiniczes

r

a social welfare function which has as its argument a binary
variable, yes versus no votes.

We can consider the Elack, Davis, Hinrich model in scme-
what mcre precise terms. Suppose we have a puklic ssctor
which ccnsists of three goods, say x, y, and z. Assure
further that voters have some well-defined utilitv function

over tnece three gcods. Then:

Ui = £ (x,v.,2) 1= L1, selly MOEerSs
Let oU.
+1 if — % O
v, = =
o1 U,
-1 if =t & D

Ix
Then, the Black, Tavis, Hinich politician maximizes

-
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Duncan Black
bridge Univercit
10 ; g
Otto Davis and M
Policy Formaticn in a
Mathematical Avniicati

cati wee, Vol. 2 (Dallas,
Arnold Founcatliocn fresg
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The point at which this funcricn is maximized depends

-

of course on the functicnal form specified for thke vtility

functions. dHowevar, it is clear that the result of maximiz-

ing the weliare function svecified in 2.1 will net, in general,

like the conventional maximization fcim, equaticn 2.1 takes
no account of relative intensity of preferences.

The interest group model provides an alternative speci=-
fication fcr the welfare function to be nmaximized, still
within the ccntext of the adding machine metaphor. In this
formulation, the politician considers homcgeneous agyregates
of voters clustered about specific issuves, rathsr than in-

dividual vecters each with multiple preferences. It zhould
be noted, however, that in this model too the politician
makes his decicsions strictly on the basis ©f voter prefer-
ence,

Perhaps the best application of the interest group wedel
to the political decision process has beern the work of

; 11 = - ;
Dorfman and Jaccky . Doriman and Jacoby construct an arti~

ficial river valliey, Bow River Valley, and egquip it with

water poclluticn 2nd a regicnal commission dasigned tc allevi=-
g g

ate the problem.” They then attempt to developr a mathematical

l 1 = oy - - 1 :
lR0fert Doriman and Henry Jacoby, "A Mcdel of Public
Decisicons Illustrated by a Water Pollution Policy Probism”,
HIER Discussion Paper #91 {Cambridge, Mass., October, 126%).

=] 9=
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model to predict the lievel of expenditure reguired bv the
ceamission of the each of the polluters in the Bow Valley.
In constructing this mcdel, Derfman and Jacoby use a type of
interest group model in which the three interest croups rep
sented are two polluting towns and a canning industrv., Ths

conmmission merbers then make a decision by weighing each 2

ra

these separate vote aggregates.
The primarv characteristic of interest group medels is
that, in some imperfect fashion, interest groups introduce

intensity of preferences into the welfare

r-h
I...l.
6]
.

fupction maximiz

.

by the politician. The linkage between preference intensity
and activity in an interest croup is clearliy imperfect; the
iobbying and general activity associated with the power of
& group clearly depend, not only on preference strength, but
on the opportunities availablie to the individual to manifest
these preferences. In short, the potential lobbyist reguires
time and information, and often money, as well as demand.
Keeping in mind this caveat, we can apprcximate the interest

grcup model as a2 mavimizetion by local peliticiant of a func-

tion of the form:
22 W=IwYy

where w is the weight attached by the politician to each
group and reflects the ability of that group to make its prei-

erences manifest.

-2
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in beth the individual and the interest group mcdels
édeccribed above, the primary goal of the pclitical actor may
be viewed as political popularity. The decision by the
pelitician to maximize equ@}ion 2.1 versus 2.2 depends only
on his view of the wav in which the political prccess oper-
ates; that is, on whether he ccnsiders it more politically
viable to make a few people verv happy, or to make a larger
number of people somewhat less hapry.

There is, hcwever, a seccnd model of the state which has

received sorewnat less atterntiorn in the economics literature

L I S5 -

.

In this model, term=d the organismic state, politicians them-
selves have preferences which are not simply derivative from
voters® preferences. Governmental decisions then depend

upon some sum of voters' preferences coupled with the inde-
pendent preferences of the political actecr. According to
this peradigm, state performance can be predicted only by
considering the structure of local government in addition tc
community characteristics.

In analvzing the organismic model cf the political de-
cision process, it is useful to draw on the Industrial Organi-
zation literature on the maragerial thecries of the firm. 1In
: 3 1

particular, the nonprcfit maximizing theori

-

[}

s of Williamson

2 i . : ; ; ;
Oliver wWililiamson, "lManagerial Discreticn and Business
Behavier", 2American Econcmics Review, Vel. LIII, No. 5 (De-
cember, 1963), pp. 1032-1057.

-2]-
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shared by &l of these models

is that they predict that, under certain conditions, the

firm may act in respcnse to motivaticns otherx than profits

B

The more prominent motivaticns sugges

v

8N
o]

ed ar= revenue (Baumol),
growth (fMarris), and managerial perguisites (Williamscn). To
the extent that any one or another of these alternative

gcals of the firm are operativz, the firnzl eguilibrium price
and output position of the firm will diverge from the usual
competitive equilibrium,

Firmms can respond to one or anothar of these alterna-
tive goals conly insofar as the market in which they operate
is less than perfectly competitive; where no market pcwer
exists, only a strict adherence toc prcfit maximization goals
will permit the firm to remain afloat. This points out the
necessity of identifying the opportunity set cf the actor as
well as his motivations; in a fiercely competitive market,

e

the metivationz of the manager are largely irrelevant:

is constrained to maximize profits. Formallv, the cpportu-

nity set oI the firms' managers is represented as a profit

level coanstraint on the utility function of the manager.

X3 ; : ;
*Pwiliiam Raumol, Business Behavicr, Value and Growth
(Mew York, Hsrcourt, 1959), vp. 453=-50.

14 . . : . ¥ i ;
Robin Marris, "A Model c¢f£ the Managerial Enterprise",
Quarteriy Journal of Econemies, Vol. LYXXVII, No. 2 (May,

-22=~



Marris further specifies the critical constraining profit

level as that lavel which ailcows the f£irm to just avoid

traint 1

n

(i
4y

in

i
B

L

s
S

11

take-cover. For other ecencmists, the critical profit con-
Elf

somewnat less clos y but, in gsneral,

it inveolves some notion of a prciit level high enocugh to

insure jcb security for the decision maker.

Consider now the extent to which these alternative
theories of the firm may bz applicakle to a model cf the
decision prcceess of gevernment. There is a clear analogy
between wvotes and profits; in fact, the adding machine mcdel
of the stete is a relatively straightforward application of
the competitive mcdel of the firm. In the model of the of-
ganismic state, we posit instead a pelitician who fornulates
tax and expenditure policy in an attempt to maximize scme
function 8 subject to a voting constrairnt. In place of
2.1 or 2.2, we have the following characterization oi the

political process:

23 max. U=1U (a, b, ¢}

R
Vyz /

U.> Z
x

H-tM B

Z in this forrulation represents some acceptable level of
pclitical popularity--if we want to adopt lMarris completely,

we nigh%t characterize Z as the level at which the political
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acter just insures bhis reelaction. The choice of constraint

=

for (a) or {b) depends on wihether we ccasider the cprerative
political process to comprise interest groups (b), or indi-
vidueal vctes (aj.

Before we inguire inte the nature of the a, b, and ¢

.

motivating wvariables, it is useful %o consider the conditions
under wnhich & ncn-vote maximizing model wmicht be viakle. Here
the analogies with the theory of the firm are particularly
useful., The ability of a manager to respnond to othar than
prcfit motivations depends critically on the lack of perfect
competition in the eccnomic market place; the ability of a

politician to act in a non-vote maximizing manner similarly

depends on the absence of perfect competition in the politi-
cal market place. In some sense, this mcdel substantiates
the oft-made political observation that two-party politics
improves the representation afforded a community's citizenry.
We can ccnsider now the most likely motivations for the
political decision maker, as welil as the form of the con-
straint function he is likely to iface, Ws are concerned
here witii the motivations and constraints of the elected
politician; whils the career bursaucrat has many of the sare

incentives as -th

o

electcd official, he has 2 scomewhat 2if-
ferent constraint function. Since the elected official is
the more powerful of the two decision makers in government,

Wwe concentrate on him.
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i

n general, we would expect peoliticians (much like other
people) to hehave in ways to maximize their ocwn power,
salary, perqguisites, reputation, and so on. In fact, each
of these maximands 15 closaly associated with the size of
the government budget controllad by the nolitician. The
anzlogies between this model of government decision making
and Williamson's firm manager are clear. Williamsen's mana-
ger tries tc maximize firm output or ravenue in crder to
enhance his own power, salary, perquisites; in the organismic

L) "

state model described here, the pclitician tries to maximize
the growth cf the public secteor, or public output, in order

to enhance his position in terms of the same attributes.
Williamson's manager is constrained bty economic competition;
our politician is constrained by political competition.

Consider now the nature of the constraint faced by the

politician. The ability of a politician to maximize growth

of the public sector is constrained by community preferences
as reflected by community wvotes. Thus, the structural chkarac-

teristics of the community which act as prcxies for those

|.

preferences hers act as the constraint functicn. I hyecthe-
size that all else equal--viz all structural attributes of
the cormunity held constant--communities in which tiizre i3 a

et

oreat deal of political competition will have lower expenditures

1 \ ”
'5W1Lllam Yiiskanren, Bureaucracy and Representative Govern-—
ment (New York, Ather 7

-25-~
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on public projects than those communities with very little
political competition.

I do not suggest here that political competition is cocm-
pletely irrelevant in the adding machine model of the state.
In particular, low levels of political competition in an

area may reflect the homcgeneity of the populatica. To the
extent that this is true, in a cross—-sectional study of
municipal expenditures, we would expect lcw levels of compe-

tition to be associated with high variance in the levels of

expenditures made. However, it is only in the crganismic
paradigm that we would predict the mean level of expenditures
to be inversely related to the level of pcliticel competition.

In short, the organismic state modzl suggests that the
structure cf the state, and, in particular, the political
competitior in a community, may have some indeperdent influ-
ence on the performance of that state.

There are thus four plausible models of local gcvern-

=
)
o
ct
u
m
‘J-

sicon making: the adding machine-interest groap

model, the adding machine-pure democracy model

+
Fir o
0]
O
{
i
w
+
=~
0O
I

adding machine model, and the organismic~-pure demccracy model.
In the next gection of this paper, I investigate the cpera-
tional differenees amcng these four model specifications in
the determination of the level and financing of water rollu-
tion centrol. In Chaptar 3, the results of the agplication cf
each cf the four mecdels to the pollution expenditures in the

Merrimack River Basin are presented.

26
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2.2 Implications of the Models of CGovernment Decisicnsg

We can return now to the original guestiocn: What ars
the cdet=rminants of the level and financing cf local govern~

ment experditures on water pollution abatement?

A great deal of empirical work has been dore ian public
finance on identifving the determinants of interstate vari-
ance in the level of per capita government exvenditures. In
most of this work, there is no explicit characterization of
the underlying decision prccess asszumed; the independent
variables identified are, in fact, appropriate to both the
adding machine and the organismic state models, to either
interest group or pure demccracy voting paradigms.

The eariiest econometric work dens in isolating the
determinants of government expenditures was done by Fabricant
in the early 1950'5.16 Fabricant, using 1942 data, explained
72 percent of the interstate variation in per capita govern-
ment expenditures by the use ¢f three variables: poeopulation

density, urbanizaticn, and per capita median income. Per

-

capita income has a positive effect cn the level oif pukblic
expenditures: as income increases, becth the demand for pub-
lic services and the supply cf potential tax funds also in-

crease. Urbanization is similarly positive, albeit small:

1 " : B ;
6501cmon Fabricant, The Trend in Government Actiwity in
the Y. S. since 1960 (New York, Lational Bureau of Econuomic
Researcn, i933%), especially Chaptsr 6, pp. 113-133,

S R
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the price of supplying public goods as wall as the taste for

public versus private goods is somewhat higher in urban than

'-J-

tive

ﬂll

in more rural areas. Finally, Ffabricant finds a nege
coefficient for population density, reflect:ing economies to
scale in the production of public coocds.

It shouléd be clear that all three of Fabricant's vari-
ables influence governmant expenditures by altering the

utility function ot the vowrer. Fopulation densi

=
i

e

-

by alter~

-

ing the pubil

9]

good/private good price differential, alters

{

the slope of che budget constraint; uwrkanization simila

alters the sicpe of the budget line, but simultan=anusl:
changes tha marginal rate of substitution; £inally, incom

changes shift the budget line parallelly while alsc affect-
ing tke marginal rate of substitution. This voter utility

functicn is relevant to kbcocth the adding machine state model,

where it represents the only decision input, and to the or-

[U®]

anismic stats model, where it acts as a constrain®t on

pcliticians' dacisicns. Thus, the three Fabricant variables
can k2 seen as a subset of the determining wvariables in
either of our models; all three represent prroxies for ccmmu-

tructure.

m

nity

A nunber of economists subsequantly attempted to im-

b~

: 2 ; ; ? Ly
prove Fabricant's R” by introducing variables for education™ ',
17 n w4 LU S et -t de g = 3

Glenn W. Fisher, "Inrterstate Variaticn in State ana
Local Government Expenditur *s", K thhal Tax gournal, Yol.
o)

r P ol
XVII, Mo. 1 (iMarch, 1964), po

-28-
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previous expenditures® , representative tax system yield or

b i g .- «
tax base™ , population growth™ , ari per capita federal ex-
g 2% ; .
penditures in the area™ . Furthar improvements vere made by

z 2 ? ; 2 22
changing the form of the equation from linsar to lcag form.

The first four new variables irktr-eoduced in thesse exten-
sions of Fabricant are reasonable; education is a pure taste

changing indicator; previous expenditures also indicate sore-

Ha

thing about tastes in an area while simultanecusly identirfy-
ing the existing bhurden; tax ktase and population grcwth koth
represent prozxies for the supply of new tax funds, Xurnow's
use of per capita federal expenditures as an independent

variaple, however, is specious. Xurnow uses as his dependent

variable lccal + state + federal per capita expenditures; ths

use then of per capita federal exvenditures, part of the

181:a Sharkansky; "Scme More Thoughts about the Datermi-

nants of Government Expenditures”, National Tax Journal
Vol. XX, No. 2 (June, 1967), pp. 171-175.

Fisher, op. cit.
28 o;
Richard Spanglsr, "Sffe
tate and Local Government Ex
nal, Vol. XVI, No. Z2 (June, 1
21 5 _— = . o G
Seymour Sacks and Robert Harriz, "The Determinants of
State and Local Government Expenditures and Intergovernmental
Flows cf Funds?, Mational Tay Jourznal, Vol. XVII, Nc. 1
{Marchk, 196¢), pp. 75-85; and Lrnest Kurncw, "Determinancs
of State and Local Expenditures Reexamined”, Naticnal Tax
Journal, Vol. XVI, No. 3 (September, 19632), pp. 2532-255.
22 : '
Kurnow, op. cit.

ot of Population Growth upon
penditures", mMaticnal Tax Jour-
9631, pp. 133-~195
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dependent variable, as an indepsndent varizble is circular.

e

g g 2 5. ; : :
It increases the R™ without in any way incr=2asing the true

predictive value of the equation.

da

The Fabricant worx and

ts extensicns uvse either ex-

r
10}

penditure on all public goods, or soms larcs subclass of pub-
lic expenditures--~viz highways, health, sanitation--as the
dependent wvariable in their equations. The aggregate quality
of the dependent variable used allowed certain simplifying

assumptions to ke made in the analyses; the specif

*J-
Fh

city ©
the expenditure variable used in this study--viz sewage treat-
ment facilities--suggests that sone of these assumptiocns must
be mcre carefully considered.

It is important first to consider the policy options
open tec lccal decision makers. The work on aggregate expendi-
tures assumes that local governments have reasonable flexi-
bility in expenditure policy, and can respond to interregicnal
differences in economic and demographic variables by adiust-
ing this expenditure. In an analysis of local decisicns on
sewage trzatment plant construction, however, the real opgzor-

tunity set of the decision maker is

1=

ess cl

U

ar—-cut. 1t may

well be true that feaderal and state legislaticn, coupled with

=

technical considerationrs (viz wacste

=t

evel and flecw), completely
determine the levzl of expenditures reguired for water pollu-
tion contrel; demcgraphic and economic- variables reflecting

either community prefzrences or governmental structure will

-30~
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be irrelevant in this situation. These technical and legal

1]

1

r—‘
-

ccnstraints on local government activity will be particula
important for the econometric work done in this study. In
fact, as I menticned earlier, identifying the magnitude of
the influence of preferences versus technical constraints i
an integral part of this study.

The svecificity of the dependent variable used in this

study introduces a second problem not encountered in the

. general expenditure work. Previous econometric worlk has con-

centrated on the inter-area variance in the level of expendi-
tures; one of the underlying assumptions used in identifyiag
relevant preference variables has been that hicher expendi-
ture levels induce higher tax levels. Of course, if the de-
pendent variable in the regression is total town expencitures,
then, in the absence of deficit financing, the one-to-one ex-
penditure tax linkage is necessarily correct. In an analysis
of a specific expenditure category, however, this linkage can
ro longer be assumed. Lccal governments can generate the
requisite pollution expenditure by reducing other expanditures
as well as by raising taxes. Thus, in this study, some addi-
tional care must be exercised in specifying community prefer-
ence variables. Moreover, while our primary enpiasis will

be on determining the causes of intermunicipality variance in

the level of exvenditures c¢n water polluticn abatzmen:, we
Fy r

will also ceonsider the determinants cf differences in financin

=)
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schemes use& 5y these towns. This latter tax increase/
axpenditure substituticn issue is particularly impertant for
the analysis of distributional impact; it will be considered
more thoroughly in Chapter 4.

The expected Jdaterminants of the level and financing of
local government expenditures depend to scme extent on which
model of the decision process we ktelieve mest clocsely approxi=-
rates the real world. ©Nevertheless, there is a substantial
subsat of variakles which can be expected tc enter into re-
gressions predicated or ali of the models: namely, the com-
munity structure variables. This common set of variables
will be identified first; we will then consider those vari-
ables unique to each of the alternative theories of the
state.

Four separats setzs of explanatory variables sesm to

account for intermunicipalizy variance in the level of per

capita local government expenditures cn water pollution
abatement: demand variables, supply of funds variables,

technical constraints, and a set of proxies £or public sec-
tor distrikution. While these fcur broad categcries of
variables seem to ke relevant to any decision model, the form

in which some nif these terms enter the regression zr2 model

In this study, median per capita family inccme, pcpu-

lation density, and proximity to the river are used to reflect
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intermunic-pélity variance in the demand for sewage treat-
ment facilities. All three of these variables can be ex-
pectad to affect citizens' wutility functicns and, therefore,
their votes. The first twc are standard Fabricant-tyre
terms; the justification for their inclusion in the regres-
sion is given ablve. Prcxzimity of an area to the river af-
fects the pctential recreational and aesthetic benefits to
be culled frcm any clean-up; a riverside town should, there-

or ceteris paribus s i mor n l1luti batement.
fore, i bus spend more o ollution abatem

Although the model developed here pcsits some discreticn
by lccal decision makers on the level of government expendi-
tures cn sewzge treatment facilities, technical paramaters
are nevertheless impcrtant. Two towns with equal commitments
to clean water may well have different expenditure levels asz
a result of differences in the initial polluticn prchlem.

In short, we reguire a proxy for inter—-area cost of ciean-
up differentials. Average per capita waste flow (kcth house-
hold and industrial) is used in this work.

The supply of funds available, or the fiscal strength

cf a town, rerresents an additional expected input inte the

——

level-of-evpenditure decisison. Two proxies seem to be
suitable for use here: the percentage of csewage treatment
costs that towns anticipate that the federal and state
governnants will contribute, and the cprrent year's eifzac-

tive tax rats divicded by median family income of the town.
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This latter v;riable unfortunately captures two oppesing
effects: clesarly the current tax rate reflects a tcwn's
ability tc pay for new project.s; on the other hand, a high
current tax rate maVv also reflect the relativelyv high will-
ingness tc pay for public pfgjects of the town. Given the
presence in the equation cf other strong demand, or willing-
ness to pay, variables, the extent tc which the tax rate
term will pick up this latter effect will be minimized.

Finally, the baseline distribution of public services
and taxes is an important determinant of the lieval of new
expenditures chosen by the government for water pollutiocn
abatement., The differences between interest croup and purely
democratic voting models are captured in the treatment of
this subset of terms.

In both the private sector and the public sector, people
choose goods on the basis of a comparison of the price of ths
goods and their marginal utility. However, unlike the private
sector, the prices of public gocds are not well known. When
citizens vote ts srend a given amount on a new sswage treat-
ment facility, they face not a single price representing
their share of total costs, but some probacility function
where the arguments of the function are prcbabilities assigned
by the voter to alternative finarcing schemes witichh might be
used by the municipality. In short, the tyoical voter is en-

gaged in a process of maximizing under uncertainty. Consider

-3 g~
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the folleowing voter: childless and socially uncenscious,

th

educaticonal expenditures possess no positive utility for

him; a property owner, he derives aegative utility from in-

k.,

pes |
r'.
ry
m

creases P

9]

perty tax. Clearly, if the sewage treat—~

-

ment plant under consideraticn has scme positive utility for
him, his vote on the issue of total municipal Zunds to be al-

located to the project will depend upon whether he antici-

th

=

23

rt

J

unding through cutbacks on ecucation or through tax

[

ncreace

)
%)
A

n shorit, the voter makes his decision without

o

eing

¢}

ertain as to the personal cost to him of that vcte.

Consider now the alternative municipal

H

inancing scnenes

which constiiute the arguments of the price

1

1igy fune~

(=

rokbab

T

!

&

W]
[

tion discussed akove. Local municip ties have two basic
options in financing new projects: increasing government
revenue or cutting back other expenditures (substitution).
There are, in turn, Six revenue scurces availakle tc leocal
governments: the property tax, the corpcration and income

tax, licenses and permits, fines and forfeits, grants and

the

in
]

gifts, and commercial revernue. C 2 six, the property

tax is the mest realistic sos

o

rce of new revenue far water

pollution abatement programs. The cerporation and income

tax, and grants and gifts are exogenous to the lccal decision
maker; licenses and permits, and fines and forfeits, while

endogenous, c¢ach ccnprise less than 1 percent of the typical

local budget; commercial revenue is both endogenous and



relatively larue; however, in general, it is used by govern-
ment stxictly to cover direct costs of the local service of-
fered, rather than as a mor=e general revenue raising venture.
Cn the revenue sicde, then, the tyvpical municipality can raise
new revenue only by increasing the precperty tax rate,

In line with the abovs, the before-the-vote anticipated
price of a naw sewage treatment facility faced by any indi-

vidual voter may be written as:
2.4 p* = gq; (r .« A) + q, (U)) + g, (U,)...

where Qpese-q, = probabilities

and sum to 1

r = precperty tax rate
A = land value owned by the voter
Ui = loss of utility from the ex-

pected reduction in expenditure
i as a result of the sewage treat-
ment plant construction.
If B is 2qual to the benefits to the wvoter in question from
from the sewage treatment plant {or his expected benefits),
then the vote of any individual depends cnly on whether B-p*

is positive (yes vote) or negative (no vote).

B=-p* is relevant to the level o

I
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in all of the models discussed in Section 2.1. Eowever, the
way in which B-p* enters the local decision precesces and,
therefore, inflvences expenditure levels cepends upcn the typa
of voting model specified.

Consider first the one man/one vcte mccdel under eithar

individuvalistic or organismic motive assumpticns. If the

36~
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" Benefit function, B, is independent of the arqurents of the

iy

loss function p*, then, in gereral, thes more evenly taxes

and public services are disktributed, the lower will be the
new sewage treatment expenditures. This result depends

critically on the irrelevance of intensity Of preferences.
For all of those pecople who share in neither the tax burden
nor in the banefits of alternative expenditures, p* will
equal zero, and net benefits will clearly be non-negative
in short, they will vote yes. Pecple, in sum, will consume
rore of a public good if they themselves dc nct have to pay
foxr it

The analysis of distributional effects becomes scomewhat
more ccmplex if the benefits from the new expenditure depend
upon some of the same variables that enter into the loss
function, I discuss this problem below.

Given the impcrtance of the property tax in the lecal
budget, it is reasonable tc use the ratio of property owners
to total population as a proxy for the distribution cof taxes.

The rcle of the property tax in the decision process is
particularly interesting. Property ownershio may be expected
to have a dual effect on expenditure votes £or pellution
abatement faciljities. Pirst of all, as can be seed from equa~
tion 2.4, as long as a; does not equal zero, owning property
increases the anticipated price of the new project to the
voter. Iliowever, the new sewage treatment project aisc influ-

ences property values; the extent of this effect depending



on ths p:cxiéity of the property to the to-be-cleaned-up
river. In short, I suggest that expenditures on sewage
treatment plants are not a pure public goed, in the =nse
that some of the benefits from such expenditure are appro-
priable by the people who 9;5 for it (i.e. the property
owners). This incomplete separation of tihe kernefit and
loss functicns affects our expectations as to the effect of
the property distribution on the level of expenditures in a
town.

Conszider the determinants of the vote of the proverty
ownsr, It is true that the typical prcperty owner is muiti-
dimensional: e may have children and, thus, care about thec
level of local educational expenditures; a sick mother-in-
law and, thus, care about the level of medical expenditures;
and so on. However, insofar as these effects are not sys-
tematiczlily related to property ownership, we can abstract
from them in the pure preperty owner vote analysis. In
general, we would expect the econcomic and demcgrarhic terms
identified to pick up the prcperty cwner's ncocn~-property re-
lated preferences.

If we ccuasider the property owner Jua preperty owner,
it is clear that his vote will depend upon the sxpected in-
crease in thec nmarket value of his property resulting from the
new sewage treatment plant construction weighed against the

expected property tax increase.

-38 -



E variant cf equaticn 2.4 can be usad to evaluate the

effect of property on voting behavicr. This general part of

m

the analysis is applicable to the property owner's vote under

any and all of the decision models discussed in Section 2,1

e e

The expected property related cost of the new expenditure on

sewage trzatment facilities to the property owner is:
£ — s
2.5 C 95 (r-nA) + d5 (M)
where dys 9, are probabiiitiess

4, t g, =1

r = effective pioperty tax rata

A = market valuz of croperty cwned

M = market value of land lost by
foragoing other publizs projesct

to finance the new water fac;ilty.
Ther, if B is equal to the total increase in the market

value of property produced by the new treatment facility,

the net benefits in property value to the prop=arty owner will

be:
2.6 NB = B - C*

It should be clear from this that both B and C* depend upon
ownership of land. Thus, we have no assurance that property
distribution and expenditure levels will be negatively cor-
related. A similar problem might arise in the evaluation cf
expenditur2s on highways or other capitel imprcvaments in a
town; the evaluation of educaticnal ex@enditures on the other

hand escapes thiz problem, since there is ng evidence that
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number of children and property cwnership are in any way re-

lated.

In a2 onz man/one vote model, the policician chcoses a
level of expenditures by weiching the number of people for
whom B is grester than C* a;%inst the number for whom B is
less than C*. In an interest group model, on the cother hand,
the politician is concerned with approximately maximizing
b

-C'*
i (Bi & i).

Consider now the effect of the amount cf land owned by
individuals on the level of expenditure decision under the
two voting models.

Assume first that all the land owned by any indivicual

is equidistant from the river, so that for any individual, th

(]

new facility confers equal benefits on each tract of land that
he owns. This assumption, while not critical tc the analysis.
simplifies it ccnsiderably. Assume further that the marginal

utility of income is ccnstant for any individual. Thus, bene-
fits are strictly proportional tc the amount of land owned.

We can then express the net benefits of the new expenditure

to the property owrer in per declliar of land owned terms:

= o " A, M
2.6 NB/A = B/A q; { A} d, \A}
Since B = cA, we can rewrite 2.6 as:

M
5 € - - P g
2.6 nb c q, (r) 95 {A:



3

In oréder to evaluate 2.6', we nus% ccnsider liksly forms for
a5 (M. Three cases come to mind,

Cacse 1: a, = 0. 1iere the propertv owner expects the full

cost of the new facility to be met bv property tax increase.

In this case, 2.6' beccmes:
2:.61 nb = ¢ - q, (r)

In a one man/cne vote model, the politician is concerned
only with the sign of NB (or nk<A). 1In Case 1, it is clear
that, since A nust be positive, and nb is independent of A,
the sign of XNB and, hence, the property owner's vote, must
also be independent of A. It shculd also be clear that,
since the magnitude of NB varies directly with A, A, or the

-

amount of land owned, will be very relevant to an interest
group oOr intensity-sensitive voting paradigm.
Case 2: M = Z£A

and

g, # 0

Here, the censtruction of &z new sewage treatment plant is

done at the expenze of a second project whichk could also ke
expected to increase property value in a linear way.23 In

]

this case, 2.5' becomes:

2.6%** nb e =g, ) =g

i

—
[» 1
—

23The analysis which follows depends upen there being no

intercept term in the M function. Since I by definition re=
lates only to propertcy=-reletad changes, tne specificaticn cf
a zero intercept is appropr:iate,

-



Once again, as in Case 1, nb is indeperndent ¢f A, and the
amount of land owned by the voter is relevant only in an
interest group model.

Case 2: 45 # 0

a #1

In this situation only, the amount of land owned is relevant
to the sign of the vote, as well as its magnitude, and,
therafore, affects the politician in a pure derccracy, as
well as one operating under interest group rules. However,
since both M and B are monotonic functions of A, thev will
intersect at only one point. We can analyze this intersec-
tion point somewhat more rigorously. Under the Case 3 formu-

lation of M, the net benefits are:

- Tvuon N = - - a
2.6 nb = ¢ q) T q, da

The term g, 4 A%* = * will always be positive. There-

fore, since it is subtracted in the abcve equation, it will
always give a negative contribution to the net benefits.
Now there is a possibility that ¢ - g, r is itselfi negative,
so, in this case, the net benefits will be negative for 21l
A, and the non-linear term will not change the sign of the
vote. )

For g « G, ¥ pesitive, th= net benefit may be positive
in cne part of the dcmain (acreage) and negative in another

(the critical point being the intersection of the line

=T



2 3 o R :
{c - qlrih and the curve kdqz A"). Hcwever, without knowing
the value of A at which the sign ¢f nb revarses, it is stil
possible to make scme cobservations akout the sign of nb if

it is known at some point, based on the shave of the curve

Q

1
[
Fh 1

the sign of the vote is known

dg, A~ © 1. Por example,
for some small A, it is sometimes invariant for larger values.
For o < 1 : nb is negative bhefore the intersection AO and
positive for all A > Ay, SO if at any point nb
is positive, you know that it will continue to
be positive
Similarly, for ¢« > 1 : nb is positive for A less than the
intersection point 24 and nesgative for ailil
A > AO' so if at any point nb is negative, vou
know that it will continue to be for larger A.
The amouant of property owned, then, is relevant to the
sign of the vote (and, therefore, to the level of expenditure
decision of the politician in the pure democracy model) only
in one of the three possible cases; and even here the rele-
vance of A is guite limited. This analysis suggests that,
under one man/one vote assumptions, only the fact of property
ownership and not the quantity of property owned is relevant
to the level of government expenditures chosen. O©Cn the other
hand, since the intensity of a voter's preferences on expen-
diture levels depends not orly cn the sign of NB, but on its

magnitude, the market value of property is critical to an

«§3=
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intarest grcup;formulation of the voting process, Thus, one
way operationally tc differentiate between the interest
group and purely democratic models is to include the market
value of prcperty in a regression based on the former znd to
exclude it from the latter. %he extent to which. the market
value term is significant should give us scme idea as to the
importance of each of the two voting paradigms.

The role ef industrial property alsc ciffers depanding
upon whether interezt groups or pure democracy is the voting
rule. In an analysis predicated on the interest group model,

; 2 b O ors.% 28
the market wvalus of industrial property is critical®”; in-

Hi

dustry fcrms a basic interest group, and the effect of munici-
pal budgetary policy on profits is one of the foundations of
its vote. Industrial property can be treated somewhat dif-
ferently than the residential property discussed above. From
the perspective of the industry as a profit maximizing crgani-
zation, there are likely to ke few benefits associated with

new sewage treatment facilities. On the other hand, since

industry does pay property taxes, the lcss from such new ex-

-

penditures is likely to ke considerable. Thus, in an interest

group mcdel, to the extern:t that industries form a viable,

24Markat value of industrial propverty was sinilarly in-
cluded as an interest group term in Otto Dawvis and G. H.
Haines, "A Political Apprcach tc a Theory ci Public Expenda-
tures", liationszl Tax Journal, Vol. XIX, ¥o. 3 (Ssptember,
1966) , pp. 259-27>. However, the analysis msed in this work
differs considerably from that used here.

will o
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active group, the value of industrial property in an area is

likely to decrease the expenditures made om water pollution

. ; 25
control in an area.

of pure democracy. If the controllers of the industrial
property are not residents of the area, thaey have no vote;

if they are voters, then following the analysis cf residential

Fiy

property, only the

Hh

act of their cwnership and not the mag-
nitude of the property owned ccunts.

The economic and demographic variables identified thus
far are relevant tc khoth the adding machine and the organismic
state theories. 1In the adding machine model, these variables
constitute the core of expenditure determir:atien; in the or-
ganismic state model, these variablzs act &s a constraint on
the growth maximizing behavior of the political actor. One
way then to differentiate between the two models is to find
a proxy to measure the effectiveness of the voting constraint

in the latter. 1In the work in iIndustrial Crganizatiocn,

t
oo
m

extent to which the firm is constrainzd tc maximize profits

ae

is captured by the economic market power of that f£irm; by

25 . 3 o
We would not expect the industrial property tc have a
depressing effect on all expenditures. A number of municipal
services improve the prcfits of the firm; thus, the vote oI

the firm would depend cn the extent to which the propercy

tax increase produced by the new expenditure is ccmpensatead
for by these pecuniary bLenefits. -
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analegy, the importance cf the voting coastralnt on govern-~
ment behavicr in the organismic peolitical model can he sum-

marized by a political market powsr tarm.

Tha first systematic effort to incorporate scome notion
of poliitical ccmpetition into an empirically oriented wedol
& 1 ; - 2 23 ¥ N = : 26 o -
cf the budgetary process was made by Jonn Fenton. Fentorn,
in a study cf interstate government revenue and expenditure
variation, found that active political party cowpetition in-
creased the share of govarnment programs Jirected at the pcor.
Fisher later adopted the Feantcn indices in his study of
the determinants of inter-—-area variance in general expendi-
i s 27 i
ture levels undertaken by government. Ih Fisnsr'e
sion, political competiticn was found to b2 inverselyv related
to the level cf expenditures chosen by an 2rez, This resuit
is consistent with the growth or utility maximizing analvsis
above, although Fisher himself leaves the underliying decisicn
medel of government in his work unspvecified.

A further example of the use of political competition as

a variable in an expenditure determination meodel 1s provided

{8

n
- =] - . - .
by the work of Jackson. Jackson uses pciitical pluraiity

26John Fentcn, "Two Party Competition and

Experditures", Paper presented at the Amexr:i
Science Association annual meetings, Septemb

Fisher, on. cit,
28 .
Jonn Jacksc "
Social Science
60.

rolitics and the Budgetary Process”,
e, Vol. 1, No. 1 (Apxril, 1572)
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and an election vear Jdummy ito help explain intertemporal
variation in revenuss and expenditures in Cleveland. Jack-
scn's results provide further confirmation of the crganismic
state hypothesis.

The adding machine statéwand the crganismic state are
operaticnally distinct only to the extent £hat the voting
constraint of the latter is not binding. Thus, if politicians
are really growth or utility maximizers rather than vote
maximizers, we would expect, once we control for the differ-
ences in community preferences, that the level of pclitical
competiticn would be invercsely related tc the level of ex-
penditures undertaken. If, on the other hand, the true
model of voting is Buchanan's adding machine state, then
political competition levels should have no effect on levels

of expenditures chosen. Notice, in the Buchanan model, ccm-

determination than in the organismic model; in fact, in the
Buchanan model, community preferences in themselwves dictate
expenditure patterns.

In summary, in the next chapter of this study, I will

test the four models of the determination i the lavel of

(=]
ia
ot
:-‘I
0
3

expenditures made by local governments on water poll
control: adding machine-pure democracy, adding machine-
interest groups, organismic state-pure demccracy, and organis-

mic state-interest groups. The distinction Detween interest
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group models and‘pure_demccracy nodels will be made by the
inclusion of a regrescsicn based in the former mmodel of vari-
ables reflecting the intensity of preierences of property
holders in an area; the organismic and adding machine statss
will be differentiated by the inclusion of a political com-
petition variable in the regression based on che former
modcel.

The aim of the next chapter is two-fold. First, I am
concernred with estimating the relative impcrtance of commu-
nity preferences vis a vis technicail and legislative con-
straints in determining sewage treatment plant expenditures;

economic and demcgraphic attributes of a town are used as

proxies for preferences., Estimates of the relative contribu-

tion of local preference variables are madz under the four
alternative specifications of government decision-making.
Secondly, to the extent that it is demonstrated that loczl
preferences do matter, I am concerned with identifying the
way in which they matter. In particular, by testing the
four decision models, I hope to shed some iight con two gues-
tions in this area which I believe are impertank both in
terms of evaluating the results of policy @nd cof changin
that policy: )

(1) Ar= politicians sensitive to interest groups--and,

in particular, property owner interest groups--in setting

water pollution abatement expenditure levels?

-G
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(2)_Do the growth goals of decisicn makers mitigate_
the influence which local przferences exarcise in determin-
ing expenditure levels?

Contrasts between the estimates generated by the pure
democracy and interes:t croup models are directed toward the
first guestion; contrasts betweeﬁ the adding machine model

and the crganismic model are directed toward the second.

-}
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3. ~ Econoret

e Fvidence on the Determinants of Local Govern-
"ment Expe -

tures on Water Pollution Abatement

-
ahay
T
Il

C
e

Water pollution control facilities are financed by
federz1, state, and local governments. The first task of the
burden allccaticn analysis then was to allccate cosis among
these three lievels of covernment. Twe pieces of federal
legislation were relevant for this work: The Federal Water
Pollution Control Act of 1956, as amended, formed the basis
of the allocation of historical costs; the Federal Water Pol-
lution Contrcl Law of 1972 (the "Muskie Bill") was us=4d to
predict patterns of allccation fecr future projects.l

Under Section 38 of the amended 1936 statute, the
federal government agreed to pay between 3C percent and 50
percent of the total construction costs of sewage treatment
plants; the federal share cuaranteed under this act varied
according to the state's willingness to contribute to the
project.2 Under Section 202 of the new Muskie Bill, the
federal share is somewhat larger: up to 75 percent of con-
struction costs are now paié fcr by the federal government.

A need formula is used to determine the precise share.

1The Muskie Bill guidelines were alsc used to modify
historical allocations. Section 206 of the bilill allowed for
additicnai federal paynents tfor facilities built prior to
1972; payments ccnsist of up to 75% of constructicn costs of
proiects initiated between 12€6 and 1972 ard up *to 20% of the
costs of projects started between 19586 ancd 1966.

Ihe fe jeral share of teotal constructicn ceosts went as
high as 50% if the state involved agreed tc contribute at
least an additional 25%.



State contributicns to costs of construction als

G
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New Hampshire, for example, contributes 20% of the financing

chargzs <f ben

2
Hh

=
—

loated by municinalities to finance ccn-

structicn of facilities. Massachusetts provides no comparable
aid in absorbing finance charges, but is somewhat wmore gener-

ous than New Hampshire in providing initial funds.

All op&rating and maintenance costs of sewage treatment
plants are borne by loczl municipalities.

The total capital costs of constructicn of new treat-

ment plants budgeted by our towns in the gpresent period is

~

given in Tabkle 3,1. For most of the towns in the study

area, no previcus expenditures on treatment plants were made.

For those towns which did have previous expenditures, th

(8]

present valus of these former expenditures was added te the
current allccated costs.

In this chapter, I test the four models of water pcilu-

(h
e

iscussed

I.d-
w0

tior abatement decision-making

n the previous
chapter. The dependent variable in the ragressions is the

ta expenditure budgeted Zor the local shazxe ci the

(D

per cap
capital costs (pluz interest) of sewage tresatment facilities.
I concentrats on these capital costz rather than on annuai
amortization figures because these capital costs censtitute
the initial de=cisicn variable, whereas amorcization costs

simply repressent the budgetary result of that decision. The

4

use ¢of a pexr ca

e}
F

ta figure reflects my cencern with costs to

individuals, rather than costs to towns.
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TABRLE 3.1
0 Sewage Treatment Plant Censtructicon

" The Merrimack Basin

LEVEL OF LEVEL OF
TOWIN EEZPENDITURES TOWN " ERPENDIVTRES
Alten S. $25,.000 Laconia E 673;724
Andover 640,000 Lancaster 225, 960
Bedford 164,220 Lawrencs 4,768,000
Belrmont 112,756 Lezominster 2,248,000
Billerica 278,200 Lowell 2,818,C00
Boscawen 113,582 Lunenberg 1,274,000
Bow 127,039 Manchester 1,535,040
Chelmsford 948,000 Meradith 131,451
Claremont 300,000 Merrimack 2,423,333
Concord 1,837 ,9€l Methuen 1,968,000
Dracut 552 ;580 Milfocrd 1,229,150
Fitchburg 6,240,000 Nashua 2,100,48¢
Franklin 329,990 New Londecn 540,G0C
Gilford 145,707 North Andover 624,000
Goffstown 275,942 Northfield 93,180
Gorham 270,000 Pembroke 1,090,200
Greoveland 32C,000 Peterkorough 950, 559
Eaverhill 2,880,000 Pittsfield 846,000
Henniker 370,000 Plymcuth 75,000
Hillsboro 375,000 Sanbornton 46,195
Hinsdale 690,000 Tewksbury 681,500
Hocksett 388,888 Tilton 116756
Hopkinton 380,000 Warner 230,000
Hudson 144,000 Westminstexr 212,000
gaffrey 97,500 Wolfeboro 175,800
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The mcdels estimated are given below. It should be

noted that I have specified a multiplicative rather than an

fu

additive functional ferm. In particular, it seems most
reascnabklie that the effect of changes in any one of the in-
dependent variakles specified con the expenditure ievel of an
area depends upon the value of the other vavriables. Thus, a
town which is close to-the river is likely to react more
strongly to income increases than is a town far from the
river, Similar interaction seems to exist between the rest
cf the variables specified as well.

Equation 1. Adding Machine-Pure Democracy

.,
X=aY¥ “D N S

Equation 2., Adding Machine-Interest Groups

Equation 3. Organismic State-Pure Demccracy

X=aYy  p2nN3s4g?®00c7? por®

Equation 4. Organismic State-Interest Groups

X=ay *p<nN3s%e37%c7 por @ M1s 2

a

e

=




wheras

X = per capita level of expenditures on water pollution
abatement

Y = per capita median income

D = population density

river miles in e town divided by town area

=
I

S = per capita waste discharge (muricipal + industrial)

G = percentage of total costs provided ny federal and
state government

T = previous year's tax rate divided by median inccme

C = distribution of town property

MIS = proxy for value of town proverty to owners

POL = political competiticn in a town

For the most part, the variables defined above follow
directly from the analysis in Chapter 2. However, C, MIS,
and POL require some additional discussion.

In Chapter 2, I suggested that property ownership was
an important factor in shaving voter preferences abcut op-
timal government expenditure levels. I alsc indicated that
there were two dimensions cf property ownership which shonuldé
be ccnsidered. First, for a one man/one vote case, conly
the fact of ownership and not the more elusive magnitude of
property owned is relevent to the vote. In this study, C is

used to reflect this cwnership-noncwnership asrec

H.

h

ot

o

T
(¥

t
o
»
T

property questien. In an interest group analysis, cn

other hand, the amount of prcperty cwned also becomes
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critical; MIS was used to reflect this value dimension of
property.

Consider first the proxy used fcr C. There ars three
groups of property holders in a typical tcwn: homeowners,
iandlords, and business property holders. There is no data
available which can tell us the number of landlocxrds and bugi—
ness property holders relative to the total pcpulation of a
town. However, we do have data on the relative numker of
homeowners. If we assume that landlords and businsessmen are
either (1) not voting residents in a town and, thus, excluded
from the base population; c¢r (2) voting residents who also
ocwn their own homes and, thus; included already in the home
ownership data; then we can use home cwnership data by it-
self to reflect property ownership in a town. Followin
this reascning, C was set equal to the number of homeowners
in a town divided by the total pcpulation iIn that town; if
the above assumvptions are reasonable, then, as C increases,
the relative number of property owners in a town shoulid also

increase, and property-related factors should beccone

-

ncrea

1471

ingly important in establishing the town budget, It

0

hould

|

be noted here tha%t, as a result of some interesting charac-
teristics of water pollution abatement expenditures, the ex-
pected sign of C is unclear. As I suggested in Chapter 2,

Both the benefits and the cests of water pollution expendi-

tures depend upon whether or not the individual owns propertyv.

e i e et A ——
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i pavticular, if the expected property value increase gener-
wied hy the water pollution abatement expenditure exceeds
‘tiwy eypected property tax increase used to finance this ex-
mmditure, then we would exvect property ownership to be
oesltively related to expenditure levels:; conversely, if the
tey effects dowinate, we wculd expect T to be negative. Thus,
the econcmetrics generated in this study should provide an
assessnent of the relative strength of these two effectz.

The variable MIS is designed to capturz the intensity

preferences of property owners and, thus, is included cnly

in the interest group based regressiocns. The usual approach

[0

to use the percentage of all residential property in & .

w

town as the basic interest group variable;~ this approach as-
sumes that, as the percentace of residentiazl propertyv of a
tevn decreases, the proportion of anv property tax increase
generated by shifts in goverrment expenditures which will be
absorbed by veting residents also decreases. Thus, the lower
the percentage of residential property in an arca, the smaller
will be the costs of government expansion o voters, Resi-
dential property in this conventional formulation consists

of both home owned and rertal housing. In this study, I

have excluded renters from the property interest groupm. MIS

3 . . .
Glenn Fisher, "Interstate Variation in State and Local

Government Expenditures", Natioral Tax Jourmnal, Vol. XVII,
No. 1 (March, 19€4), pp. 57-74
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nstead seE'equal to the percentage of the total value of
property in a town which consists of owned homes. Partici-
pating in an interest group involves certain costs; in particu-
lar, there is the cost of informaticn (viz. what group do I
belong to?) and the costs of participation. Only if the ex-
pected loss from an adverse vote is greater than th2 sum c¢f
these two costs will voters form a viable interest group. I
would argue that (1) the costs of information are higher to
the renter than to the owner, given the more indirect nature
of the tax increase on rents in the case of the former; and
(2) expected losses from tax increases are smaller to the
renter than to the owner. This latter effect is attrikutable
to the fact that it is only ir the long rum that renters pay
the tax increacse; the long run being defined as the time it
takes landlords to leave the area. This may be quite long
indeed. Thus, in this study, renters are excluded from the
MIS variable on the grounds that their expected interest
group participation is considsrably lower than that of hcome-
owners. It might be noted here that several studies of conm=-
munity reactions to new transportation projects found a simi-
lar difference in the propensity of renters and homeowners to

T 4
join interest groups.

4Bruce Bishop, Clarkson Oglesby, and Gene Willeke, "Com-

munity Attitudes towards Freeway Planning", in Highway Re-
gsearch Record, No. 305 (Washington, KHighwav Research Ecarc,
1970), pp. 41-5Z2.
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The organismic and adding mechine models of the state
are distinguished by the inclusion in the former model cof a
variable which is intended to reflect the level of political
rivalry in a town. In the Fenton analysis and in subsequent
work on political competition as a determinant of expendi-
ture levels, political competition was defined alcng party
lines., That is, the proxy wvariable was a measure of the
strength of Republicans versus Democrats. This party-
oriented analysis is less useful for this study of local New
England elections, A substantial proporticn of the elections

we are considering are nonpartisan; morecver, even in theo

o
1}

e

.

elections in which party politics coperate, issues arzs suf

rh
b
i

ciently local that party affiliation is not critical. 1In
this study, two alternative specifications of political com-
petition are used.

First, I defined political competition as the ratio of
actual turnover in elected town officials %o the maximum
turnover possible during the ten years prior to the pollution
expenditure decision., Thus, if a town mayor serves a two-
year term, the maximum turnocver in our study period is 4.

The POL(l) term in regressions 3 and 4 thus varies Ircm zero
to one, with higher values signifying more competition. If
our hypothesis on the nature of the decisicn process is cor-
rect, the cocefficient on this variable shouzld be negative,

The PCL(l) variable d=scribed aboﬁe, however, 1is scme-
what inadeguate: it does nct differentiate between towns in

-1
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which an incumbent wins an election unoppased and one in

which he wins only after a nard battle wikth some political
challenger, =ven though the implicit competition in the two
casas is quite different. This is a problem similiar to the

one faced when we use simple ccncentration: ratics in Indus-

L

trial Organization as a measure of market power., That is,

we can measure only the extent to which firms successfully

challenge market leaders, and not how hard@ they try. As
Bain5 indicates, this latter aspect may well exert a strong
influence on the extent to which market pcwer may be used.
Similarly, I would argue that the existence of active chal-~
lengers in pelitical elections restrains the budgeting re-
havior of the incumbent, even if these challengers have been
unsuccessful in the past. The POL(2) variable, in eguations
5 and 6, is an attempt to deal with this issue of potentizal
competition. In this variable, political competition is
measured by the plurality of the elected tcwn officiai in the
election prior tc the expenditure decision. Thus, the higher
is POL(2), tne lcwer the political competition; the original
hypothesis suggests that POL{Z) should have a rcsitive coef-
ficient.

Using eccncmetric evidence to differentiate among the

four models outiined in Chapter 2 is a very difficult task.

SJoe Bain, Barriers to Mew Competition (Cambridge, Har-
vard University Fress, 1956}, Chapter 1L
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The models are all quite complex, and the sample size in this

study 'is, unfortunately, nct very large. Thus, I believe the

i

real test of the validity of each of the models is to be
found in their internal cconsistency, and tlke extent to which
they mesh with our priors. ~ Nevertheless, scme informaticn
is provided by these.reqressions on the viability of alterna-
tive decision models; the results are more interesting, how-
ever, in terms of what each of the models predicits ccncerning
the relative importance of wvarious eccnomic and demographic
variables in water pollution expenditure decisions.

The six equations below were estimated by ordinary
least squares. Two specificaticns for political competition

are presented.

[T
Q
g
n
f
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i
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All of the variables in the six regress
right sign, although several are not significant. Standard
errors are provided in parentheses under the cocfficients.

A list of those variables which are significant at the .05
level is provided in Table 3.3. Several interesting conclu-
sicns emerge from these estimates.

The first question posed in this studi was the sxtent
to which community preferences, as reflected in the econcmic
and demograrphic variables defined, account for intermunici-
pality variancé in water poclluticn abatement expenditures.
The estimates provided in the six eguations belcow suggest

that slightly more than 35 percent of this intertown variance

-60~



TABLE 3.2

Regressions Explaining Inter-town Variations in Per Capita
Capital Expenditures on Sewage Treatment - O.L.S.

Eguatiggg i d D N S G i & e MIS POL~1 R2
: |
D - AM 2.1967 -.5039 1118 .0654 -.,4733 -.0115 -2.010 L4008
(.7981) {a 1237) (.0577) (.1789) (.2244) (.4309) (.8525)
2
I - AM 2.€222 -, 4744 .0904 .0836 -,5327 +.3556 -1,7124 -.3879 A4z
(.8892) (.21167} (.0610) (.1764) (.2307) '(.5486) (.8648) (.3597)
| ——
3
D=0 P e G -,4915 0939 .0512 -,4721 .0838 -1.9136 -,1997 L4087
(.2010) (.1150) (.06169) (.1803) (.2251) (.4474) {.8631) {(.2424)
4
I -0 2.6372 -.4631 0727 .0695 -.5307 L4440 -1.6220 -.3828 -,1952 w4217

(.8924) (.1180) (.0648) (.1809) (.2315) (.5€13) (.9048) (.3610) (.2421)




Equations ¥ D N S G T & MIS PCL b o
5
D=0 1.4766 =-,37222 .14266 14667 -,41963 ~,17190 -=1,3307 1.1225 , 4607
(.8218) (.1222) (.,0568) (.1746) («2162) (.4183) (.8651) (.4716)
6
I =B 1.9738 -.32422 ,11739 .16439 -.49228 =-,29049 -~-.89225 =-,50186 1.2107
(.8807) {.1252) (.D558) (.1739) (.2195) (.5212) (.9070) I(.3442) (.4704) L4827
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TABLE 3.3

" Significant Variables

Variables Significant at

Income

Populatior. density

River miles per acre
Other govi:. expenditures
Homeowners per pop.

Income
Populaticn density
Other govi. expenditures

Income

Population density
Other govt. expenditures
lomeowners per pop.

Income
Populatior density
Other govt. expenditures

Populatior density
River miles per acre
Other govit. expenditures
Political competiticn

Income

Population density
River miles per acre
Other govt. expenditures
Political competition



can be explained by this set o

1]

preference variables. Thus,
despite relatively stringent federal_regulations and stan-
dards, individual towns retain significant flexibility in
determining their sewagsz treatment plant expenditiuces.

Consider now the relative importance of each of these
preference variables.

From the perspective of the cverall thrust of this
study, the high and significant per capita income coefficient
is particularly interesting. Since the fumctional form of
the equations is log-log, the income coefficient gives the
income elasticity of water pecllution abatement expenditure.
Thus, the results suggest an income elasticity of per capita
water pcllution abatement expenditures of between two and
three; if a town has a ten percent higher median inccme than

a second town, it is ceteris paribus likely to spend between

20 and 30 percent more per capita on water pollution abate-

ment. In all likelihood, then, and contrary to recent hy-
potheses,6 water pollution expenditures do not increase be-
tween-town real income differentials. Lower income towns
can and do choose lower water pollution abatement levels.

A second preference variable is the distribution of

property ownership, variable "C" in the abcve equations. All

6Nancy Dcrfman, Who Bears the Cost of Pollution Control?
(Washington, D.C., Council cn Envirormental Quality, August,
1973} % '
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four regressions indicate that the percentage of voters in
a town who are also property owners has a negative and

targe effect on the level of sewage treatment expenditures
undertaken by that town; the estimated elascicity of these
expenditures with respect to property ownershin is between
1.5 and 2. The negative sign of C suggests that political
leaders belisve that property owners are mcre sensitive tc
tax increases than to any property value increases resulting
frem river improvement. It should be clear here that this
coefficient is a measure only of the political perception cf
voter preferences and dces not necessarily reflect the actual
impact of pollution abatement on taxes vis a vis property
value., The extent to which property owners in fact prefer
lower water pollution abatement expenditures than do renters
will be explored in Chapter 5.

The third and last preference variable included in the
regressions is the N, the proximity of the study town to the
river. This variable, too, proved to be significant in most
of the specifications. This suggests that riverside towns
which anticipazte high potential bernefits from clean water
are most willing tc pay for that clean-up.

Three variables were used to represent technical con-
straints on watér polluticn abatement expenditures: popula~
tion density, waste discharged, and program contributions by

federal and state government.
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Fopulation density is negative and significant in all of
the eguations specified; a 10 percent increase in population
density produces approximately e 5 percent: decrease in per
capita expenditures. This result is consistent with the
hypothesis tliat economizs to scale exist In the provision of

certain puklic goods. The techniczl sngireering literature

(Ta]

suggests that these density effects are particularly impcr-
tant in the constructicn of interceptor pipes, which consti-
tute a fairly significant segment of the total sewage treat-
ment plant costs. The negative elasticity suggests further
that sparsely populated rural towns may well be disprocportion-
ately affected by federal water pollution legislation.

Increases in the expenditures by state and federal
governnent on local water polluticn abatement facilities re-
sult in & decreasze in the price of those facilities to towns.
As the estimates indicate, the effect of these increases in
the share firanced by other governmental units is tc cecrease
the total town expenditures cn these facilities. Since the_
elasticity cf these expenditures is less than one, the over-
all effect 0of increases in federal and state expenditures is
to increase the tctal (i.e. federal + state + local) sewace
treatment expenditures, while simultaneocusiy decreasinyg the
local share. _

The waste variable is not significant in any of the
specifications. This may in part be a reflection of problems

of measuring this variable.



MIS is an additional preference variable used tc dis-
criminate between the pure demccracyv and interest group
nodels. While the variable is of the right sign (viz. nega-
tive as is ), it is not highly significant. The inclusion
of this variable does, however, improve the correctad R2 oz
our equation. Thus, only very minimal supgort fer an inter-
est group model of lccal government decision making is pro=-
vided by this study.

Pclitical competition seems to be a more fruitful addi-
tion to the set of community preference variables. Eoth
specifications cof political competition are of the right
sign: POL(l) is negative, and POL(2) is positive. Moreover,
the second variaklie specification is quite significant.

Thus, the weork done here suggests that, unless political com-
petition is fairly strong at the local level, community pref-
erences may be to some extent overridden by the arcwth pref-
erences of local decision makers. Clearly, the empirical
results generated in this study suggest that additional work
in the area of the crganismic model of the state may prove
quite fruitful.

In summary, the empirical work in Part 1 of this study
has generataed two primary conclusiocns. First, community pref-
erencee do explaiﬂ a significant part of the intermunicipal-
ity variance irn water pollution abatement expenditures. In

particular, town income levels, proximity to the river, and
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the dispersion of property ownership are the three mest im-
portant of these preference variables. S=zeccndly, the extent
to which these preferances are reflected in budgetary deci-
sions 1s a function, nct only of technical constraints and
federal requirements, but also of the level of pelitical com-
petition in an area.

The estimates gernerated above will serve itwo additicnal
functionz in the second part of this study. First, givan the
successful performance of the political competition term in
pradicting expenditure levels, I will attempt o use this
variable to explain the differences in the mechanisms chesan
by different municipalities tc finance their pollution zbate-
ment expenditures. In particular, in Chapter 4, I will con-

sider the extent to which political competition encourages
the use of expenditure substitution as cpposed to increased
property taxation as a way to finance new water polluticn

abatement programs, There is a further use to which the es-

timates generzted in this first part will ke put. In particu-

1=

lar, in Chapter 5, conzicder the extent to which an ipdi-

vicdual's willingness to pay varies with income, propertv own-

ership, and proximity to the river. By comparing the demand

elasticities generated by this individual bken

fl‘l

£it survey with

the elasticities provided by the cross-sectional town datce, a

Fh

primitive sense ©f the extent to which community preferences

are correctly perceived in the pelitical process is provided.
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PART II:
The Incidence cf Costs and Benefits

of Water Pcllution Abatement
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The Distribution of Municipal Cosis of Water Pollution
Abatement Programz Among Iacome Clagse

In Part 1, Chapters 2 and 3 .of this study, I examined
the determirants of intermunicipality variance in sewage
treatment plant expenditures. In this chapter and in Chap-
ter 5, I consider the effect of these expenditures on the

distribution of inccme in the study area.




4,1 Financing Methods Used: Assumptions and Estimates

In D:der to determine the incidence of water pollution
expenditures among income classes, we must estimate, not only
the absolute level of those expenditures, but alsco the way in
wnhich these expenditures are to be financed. Previcus
studies on this issue have assumed that such expenditures are
financed exclusively from property tax increases;l clearly,
making this assumption is a second best approach to the inci-~
dence question. In this study, I attempt %tc determine the
source of pollution abatement funds more precisely.

As discussed earlier, local governments have two basic
methods of raising funds for new expenditures: thev can in-
creas2 the property tex, or they can reduce other expendi-
tures. The choice between the two has important implications
for the way in which incidence is analyzed. If the total ex-
penditure is to be financed via a property tax increase,
then net incidence can be found by comparing the distribution
of property taxes among inccme classes with the distribution
of water pollution abatement benefits. If, on the other
hand, the new expenditures are to be made at the expense of
some old expenditure, then incidence depends on the distri-

bution of benefits from the now foregone expenditure.

159&, fcr example, Nancy Dorman, "Who Pays for Water

Polluticn Abatement?", a PIE-C study, 1973.
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Strictly speaking, it is inappropriste simply to look
at what happens to town budgets once the new pollution abate-

ment expenditures are intrcduced. Instead, the actual tewn

L]

w

budget should te compared with what we believe the budget
would have been in the absence of nclluticn exvenditures.
In more technical terms, the primary emphasis should ke with
differential rather than specific incidance.2

In the absence of a reliable crystal ball, we are forced
to estimate differential incidence indirectly. Two comple-
mentary estimation technigues are used in this study: the
hypothetical budget method and the analysis of variation of
town expenditures technique. Explanations of the operation
of these two techniques, as well as the results generated by
applying each technigque to the problem of estimating the
source of water pollution abatement funds, are discussed in

Sections 4.1.1 and 4.1.2 below.

4.1.1 The Hvpothetical Budget Method

ial incidence 1is

rr

One technigue for.esstimating differen

£

1Y

to compare the actual with-polluticn expenditure town budgst
with a hypothetical b Ldget censtructad assuming that nc pol-
luticn abatement expenditure occurred. In this studyv, this

hypothetical budget is constructed by extrapolating the

2For a more datailed treatment of the differences be-
tween diffarential anﬁ specific incidence,; see Richard Mus-—
‘grave, Tfe (5 £ Public Finance .(New York, McGraw Hill
Book Com iz 1859), Chavpter 0.
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aistorical tax and expenditure levels of study towns accord-
ing tc gome assumpticns about budget growth rates. This as-
timated public budget is then compared with the actual budget
to determine the source of pollution abatement funds., If
ectual zpending for non-pollution abatement control items is
equzal to or greater than fcrecasted levels, then we will as-
sumne that expenditures are not keing curtailed, but instead
that pollution contrel is being property tax financed. Con-
versely, if actual spending is less than the forecast, wa
will conclude that spending cuts have been made. This pre-
cess provides an estimate cf the extent tc which a town re-
lies on tax increas2s or expenditure substi*tution teo finance
sewage treatment; these source-of-funds estimates can then

be used in conjunction with previous work on tax and experdi-
ture incidence tc allocate pollution abatement costs among
income classes.

Clearly, the results gernerated by this technigue de-
pend heavily on the choice cf_assumptions made about the
growth cver time in town taxes and expenditures. Kence, in
this study, two distinct growth path assumptions are made in
order to illuminate the rance of possibilities,

In most of the towns in MMew England, school expenditures
are decided se;aréﬁely froem other town sxpenditures and are
presented to tewn officials as given. Thus, in this study,

educaticnal expenditures are nct treated as a potential source



of new pclloticn abatement funds., Instead, 1 assumed that
these expendithras were exogencus to the tcwn bulgetary de-
cision.

In developing this incidence analysis werk, data from
two large towns in the basin area was used: Nashua, New
Hampshire and lLecminster, Massaciiusetts. EBEoth towns financed
new water poliutiocn treatment facilities in the 1969's, and,
thus, budget data is avzilairle for both the pre- and post-
pollution expenditure periods.

In Table 4.1, the actual and hypothetical budgets for
the two towns under consideration are presented; in lines
(11) and (1l2), estimates of the percentage of new water pcl-
lution abatement funds financed through property tax incresase
are provided. The hypothetical budget, lines (7) and (8),
was constructed under twc alternative specifications of town
budget growth paths. Assumption 1, termed the ccnservative
path, posits a vearly growth rate in the relevant expenditure
category equal to the average gnnual growth rate in the years
prior to the polluticn expenditure (1960 fcr MNashua, 1264 for
Leominster). This assumption yields a growth rate of 6.25%
in Mashua and 6.4% in Leominster. Under Assumption 2, tax
and expenditure cgrowth rates are set equal to the weighted
average of growth fates in years prior to the polluticn ex-
penditure, where the weights are highest in the most recent
years. This assumption generates a growth rate of 5.8% in

Leominster and ¢.22% in Nashua.



10.

11.

Expenditure
Category .

General Revenue
Property Tax

Education Ex=-
penditure

Treatment
Facilities

G.R.-Ed. Exp.

Percentage In-
crease

Conservative
Growth Pa;h

Liberal Growth
Path’

Actual minus
Expected-
Conservative

Actual minus
Expected-
Liberal

Percent Allocated
to Property Tax-
Conservative

Liberal

E

A

TABLE 4.la i

" Budget Data for Nashua, N.H. %

i
1053 | 1954 | 1955 | 1956 | 1957 | 1958 | 1959 | 1960 | 1961 | 1962 | 1963 | 1964 | 1965 | 1966 | 1967 | 1968 | 1969
3009 | 3123 | 3171 | 3201 | 3477 | 3826 | 4101 4861 | 5175 | 6171 | 6498 | 7240 | 7467 | 7864 | 8130 | 11030 11862
2523 | 2580 | 2579 | 2770 | 2993 | 3235 | 3457 | 4027 | 4140 | 4837 | 4938 | 5447 | 5883 | 6463 | 7310 8767 | 10112
1110 | 1145 | 1081 | 1307 | 1376 | 1529 | 1632 | 1670 | 2067 | 2263 | 2600 | 2856 | 3255 | 3622 2879 | 4805 | 5126
100.8 [102.2 |254.4 | 256.0 | 257.7 | 260.3 | 261.1 | 262.7 | 264.4
1089 | 1978 | 2090 | 2984 | 2101 | 2297 | 2469 | 2991 | 3108 | 3908 | 3895 | 4384 | 4212 4222 4251 | 6225| 6738

-.56| 5.6|=5.1| 5.9| 9.3| 7.5|21.24

3178 | 3376 | 3588 | 3812 | 4050| 4303 4572| 4858 5101
3288 | 3614 | 3973 | 4367 4810| 5278 | 5802 6379 7012
-70] =532 | +307| +572| +162 -61| =321 +1367| +1575
-180| +294| =78 +17| -589| -1036| -1551| =-154| =276

1

o| 100/ 100 100 63 0 o| .100| 100 ;

0| 100 0 7 0 0 0 .0 0.
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1.
2.
3.

10.

11.

12,

Expenditure
Category
General Revenue
Property Tax

Education Ex=—
penditures

Treatment
Facilities

G.R.=-Ed. Expe.

Percentage In=-
crease

Conservative
Growth Path

Liberal Growth
Path

Actual minus
Expected-

‘Conservative

Actual minus
Expected-
Liberal

Percent Allocated
to Property Tax-
Conservative

Liberal

TABLE 4.1b

Budget Data for Leominster, Mass.

1957 1958 1959 1960 1961 | 1962 1963 1964 1965 1966 1967 1968 1969 1970
3414 3508 3635 4507 4976 5126 5718 6068 7313 7702 8472 8924 8806 (10547
2097 2189 2286 392 2507 2647 2954 3g1s8 3785 4125 | 4479 5131 | 6236
1221 | 1284 1344 1435 1509 1569 | 1800 1842 2437 2637 3008 3437 3919 4676
77.8 99,7 |[103.4 [131.5 |159.3 (162.0 |l62.8
2193 | 2225 | 2291 3071 3467 3557 3918 4225 4876 5064 | 5465 5487 4886 5871
1.46 3.00 |34.00 [12.89 2,60 [10.15
4169 4436 4720 | 5023 | 5345 5687 6052
4147 4391 4649 4922 | 5211 | 5516 | 5840
56 440 344 442 142 | =801 | -181
78 485 415 543 276 -630 31
72 100 100 100 89 0 0
: 100 100 100 100 100 0 19




The estimate

M

preovided by applying the hypothetical
budget metiicd suggest that at least some portion of water

polluticn abatement expenditure

7]

are financed throudgl: expendi-
ture cut backs. The estimates further succest that the pre-
pensity to finance new watsr pollution abatenent sxpenditures
through propercty tax increases varies considerably acrosc
tovns. In particular, Leominster depends almost.exclusively
on property tax iacreases; Nashua relies somewhat morz heavily

on expenditure substitution. The absence of additional his-

torical data on water pollution abatement financing for other

r

towns in the udy area makes a systematic analysis of the
determinants of this variation in funding methcd difficult.
Nevertheless, some infcrmation may be gleaned from the rela-
tive attributes of the twe towns for which budget data is
available.

Leoninster has historically had a scmswhat higher ef-
fective property tax rate than has Nashua; clearly, this re-
flects the tendency in Nashua to use expenditure substitu- -~
tion techniques, rather than property tax incresasas. The
median inccme and education levels in the two towns are guite

similar; thus, neither of these demand-for-puklic-service

H

variables gets us very far in explaining funding variance.

In Part 1, I sugg=sted that political competition might heip

-

to explain some of

it
m

he inter-town variation in the levels of

expenditures cn water pollution abatement. 1In fact, the
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v

hypothesis

Q

rerated in Part 1 of this study--viz. that

L§

strong political competition helps.to keep exzpenditure lesvels
low--ic at Ieast consistent with the Nashua, Leomirster pat-
terns in funding water polluticn efforts. In particular, dur-
ing the period under study, Leominster--which depended heavily
on preperty tax increases--had a lower level of political com-
petition, as measured by plurality in elections, than did
llashua. Once again, the ccnclusion that gpolitical competition
affects the extent to which towns will rely on property tax
increases as the primary source of water poilution abatement
funds must be regarded at this point as highly tentative:
further support of this proposition depends on a considerably
more comprehensive data set. Nevertheless, the conclusion,
throcugh tentative, does suggest that further work
area may be fruitful.

Before the implications of uzing expenditura substitution

as a2 means to raise new water polluticn abatement funds can

be explored, the types of expenditures which are mczt likely
to be reduced in response to these new polliuticen zkatszmant

reguirements must be determined. In the next zection, some
work is done on this question through an analysis of wvaria-
tion in town expenditures.

4.1.2 WwWhich Sxzpenditures are Reduced? Eusmining the Variance

}a-

in Town LExeendliures

Given the prcposition that scme portion of new water rol-

lution abatement funds are financed through reducticns in

-77 -



http:Leomi.nste:r.--~�.�rd.ch

other local expenditures, the distributionzl implicaticns of
this funding source depend on whicﬁ expenditura categories are
in Fact reduced. Clearly, financing water wollution abatement
through reducticns in public welfare expenditures has radically
different distributional consequences *than equivalent financing
accomplished via park and recreation expenditure reducticas.
In this secticn, a preliminary attempt is m=zde to specify the
type of expenditure substitution which in fact occurs.
Disaggregating expenditure substitution is done, in this
study, in two stages. First, I consicer tie extent to which
particular town expenditures vary, both within towns over time,
and between towns in any given time preriod. I assume that high
degrees ol variation in expenditures means that that particular
local expenditvre is viewed as & luxury by the town. In short,
the greater the between-town, or across-tims variation in ex-
penditure levels, the more likely it is that the experditure

will be reduced in response to new pcllution abatement regquire-

ments.3

In Step 2 of the analysis, the expenditure-substitutabil-
ity estimates are refined somewhat. In particular, we are
ccncarned, nct only with the extent to which part;cular ex-—
penditures vary, but more impcrtantly, with the extent to
which th=sse exrvenditures vary in responst to a particular
stimuli--viz. increased burdens on the town budget, In

= T i 2
This argument implicitly assumes that cross-town ex-

penditure differentials reflect primarilv demand differences
rather than cost differences, or, more formally, that marginal
value prcduct functicns vary more across tcwns than do opror-
tunity costs.

ol I
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investigating this issue, I depend heavily on previocus work
dene in public finance on the determinants of variation in
town expenditures.

Analysis of the budget data for the towns in the Merri-
mack study area suggests that the four most variable expendi-~
ture categories (excluding education) are iire, police, high-
ways, and parks and recreation. All four expenditurs cate-
gories . exhibit a high degree of variation both across towns
and over time. This result is consistent with similar analy-
ses done previously.4

Of the four categories of expenditures listed above,
which are most likely to shift in response to rew pcllution
abatement requirements? Highway expenditures can be eliminated
almost at once. Previous research suggests that variation in
highway expenditures is primarily a response to variatior in
state and federal aid levels.5 Of the remeining three, park
and recreation expenditures ceem to be most highly related to

economic attributes of an area, while police and fire run a -

4See, for example, Roy Bahl and Robert Saunders, "The

Determinants of Changes in State and Local Government Ex-
penditures”, in The National Tax Journal, Vol. UVIII, No. 1
(March, 1965), pp. 50=57.

5 - - -— . :

See, for exaumple, L. R. Gabler and JSc2l1 EBrest, "Iuter-
state Variaticn in Per Capita Highwav Expendituras", ®akticral
Tax Journal, Vol. XX, No. 1 (March, 1967}, rp. S=85; and

John Weicher, "Aid, E{CEPdlL ures, and Local Governnent Struc-
tures", National Tax Journal, Vol. XXV, No. 4 ({(Decemker,
1972) , pp. 573-584.

o .
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close second.

Thus, we can conclude first that some expenditure sub-~
stitution does occur in response to new federal water pcllu-
tion abatement requirements, and, seccnd, that this substitu-
tion is likely to occur most often in the areas of parks and
recreztion and cf public safety. The cost incidence of water
pollution abatement programs produceé by these two conclu-
sions are discussed in the remainder of this chapter.

4.2 Tax and Expencditure Incidence

Althcugh the estimates generated in Section 4.1 of this
study suggest that property taxes are not the sole source of
funds for water pollution abatement, thase taxes nevertheless
constitute an important scurce of funds for municipalities.
Thus, it is important to consider which income groups bhear
this tax,

The preoperty tax is a tax on four separate kinds of
goods: owner-occupied housing, rental prcperty, commercial
and industrial property, and farm property.

The conventional thecry suggests that, in the loag run,

fu

taxes on residential property, both owner-occupied and rented,

i o . = :
are borase by the occupant. Occupanis OI cwner-occupied

SOtto Davis and George Haines, "A Political Aoplication
to a Thecry of Fuplic Expenditures: The Case of HMunicipali-
ties", in EKeticnal Tax Jourpai, Vel. ¥IX, No. 3 (September,
1966), pp. 259-275; and Barni aand Saunders, op. cit.

. Richard XNetzer, The Econcm
t

F cnics of the Propertvy
Tax (Washington, D.C., Brockinus, 1565)

L4
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heusing bLear these taxes in the short run @as well. The
short-run incidence of property taxes on rantal property is
less clear. In particular, traditional theory argues that,

inelastic in the short run, landlords must

[
“

since supply
egbsorr the incremental tax. On the cther hand, several peo-
ple have recently suggested that, in cligogpclistic urban
rental markets, property taxes may act as a signal for land-
lords to raise rents immediately and, hencs, shift the burden
of the property tax to tenants in the short run as well,®?

If occupants do bear the burden of the residential
property tax, then this portion of the new water pollution
abatenent funds would appear to be regressive. Housing has
an inccome elasticity less than 1; thus, a property tax which
is proportional to the value of property will rest relatively
more heavily on low- than on high-income people.9 This re-
gressivity of the residential porticn of the property tax is
exacerbated by federal income tax laws. Homeowners can de-
duct property tax payments frpm their income tax; since the_
morietary value of this deduction depends on the marginal tax

bracket of the nomeowner, the overall effect of these laws

Helen Ladd, "The Role cf the Propertw Tax", unpublished
rd, 1973,

ould be noted thal scme recent work disputes this
finding. If we use Friedman's gesrmanent income rather than
the usual money inceme, housing has arn income elasticity some-
what larger tha
A. Harberger, T

i. See "the Demand for Nonfarm Housing", in
@ Demand for Durable Gocds (Chicageo, 1960).

o e
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is regressive. In Table 4.2, the effect of these tax laws
on increasing the regressivity cf residential property taxes
is illustrated.

The ircidence of the portion of the property tax which
falls on commerxcial, industrial, and farm realty is nct
quite as clear-cut as that on residential property. Tradi-
tional theory assumed that this part of the tax was similar
tc an excise tax and, therefore, would be shifted completelw

on to the com—‘:umer.l0

It, too, was considered regressive
since the marginal propensity to consume daclined with in-
ccme. This assumption, however, has been challenged recent-
ly: the argument has been made that the tax on business
property in analogous to a tax on income from capital and,
therefore, will not be totally shifted forward unless the
business involved is a monopoly.ll Thus, recent work has at-
tributed cne half of the business property tax to capital
and one half to ccnsumers.

Personal property, the last object of the property tax,
i, for the most part, businass machines and inventory. It

is assumad that this portion of the tax is shifted forward

to consumers, much as any excise tax. It, too, i:s regressive.

. A
*thh Richaréd Musqgrave, "The Distribution of Tax Pay-
ments dy Income CGroup”, in Naticnal Tex Journal (March, 1951).

_ZEJHelen Ladd, op. cit.
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TABLE 4.2

Incidence of Real Estata Taxes
Adjusted for Tax Deductions

1560

Property Tax/ Adjusted for

Income Class ' Income '+ Tax Savings
3,000 - 4,006 4,46 3.57
4,000 -~ 5,000 3 T2 2.98
5,000 - &,00 3.34 2.67
6,000 - 7,000 3:15 2.52
7,000 - 8,000 3.07 2.46
8,000 - 9,000 2.96 231
9,000 - 10,00C 2.89 2+25
10,000 - 15,c0C 2.79 2,18
15,000 - 2¢,C00 2.71 1.90
20,000 - 25,000 2.52 1.70
25,000 - 50,00¢C 2.13 1.2

Source: Dick Hetzer, Economies of the Prorverty Tax (Washing-
ton, D.C., Brookings,- 1566), p. 49. - Statistics com~
piled from U. S. Treasury Department, Statistics of
Income, Individual Income Tax Returns, 19260. Only
taxable returns were used.

T



Table 4.3 ﬁfesents the estimates of the incidence of the
property tax derived from four major studies. It should be
notad that all four rely heavily on the shifiing assumotions

described abecve and, thus, should be interpreted with scome
care.

In lieu of property tax increases, local covernments
can choose to raise pollution abatement funds by reducing
cther local expenditures. We must then consider the inci-
dence of the benefits of those government expenditures which
are reduced as a result of new water pollution abatement ex-
penditures.,

The analysis of variation in tcwn expenditures done in
Section 4.1.2 suggests that the prime targets for expenditure
substitution will be parks and recreation and public safety.
Expenditure incidence in general is somewhat more primitive
than tax incidence; in particular, estimating incidence re-
quires a number of not altogether satisfying assumptione.
Nevertheless, in the abgence of anything better, the expendi-
ture substituticn analysis conducted here must rely on the
best of this work.

In Table 4.4, estimates of the incidence of natural re-
scurce expenditures by local governments ard miscellanecus ex-
penditures are presented. Miscellaneous expenditures is the

most disaggregated break-down available which covers the

- Bl

-
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TABLE 4.3 ,g

4 .

Incidence of the Property Taxs: L

Property Tax as a Percent of Family Income j

STUDY INCOME CATEGORY :

. Under $2,000- $4,000- $6,000- $8,000- $10,000~  $15,000- i

1. Herriott and $2,000 $4,000 $6,000 $8,000 10,000 $15,000 $25,000 $25,000+ 2
Miller 3
8.3% 5.3% 4.3% 3.8% 3.7% 3.8% 3.8% 2.5% E
___________________________________ - - " ———
Under $2,000~ $4,000- $6,000-  $8,000- $10,000- $15,000- $20,000- $30,000- ﬁ

2. Musgrave ' $2,000 $4,000 $6,000 $8,000 10,000 $15,000 $20,000 $30,000 $50,000 $50,000+ 3
6.7%  5.7% 4.7% 4.3% 4.0% 3.7% 3.3% 3.08 2.9% 3.3% i

P R L L T e e e i

b

Under $2,000- $3,000- $4,000- $5,000- $6,000~ $7,500- $10,000- 3

3. Tax Foundation $2,000 $3,000 $4,000 $5,000 $6,000 $7,500 10,000 $15,000 $15,000+ 4
; ~

6.9% 5.2% 4.7% 4.2% 4.2% 3.8% 3.5% 3.3% 2.4% r

:

------------- ———— —— —— - ——— - - - - - - - ae e !}:\-
, Under $2,000~ $3,000- $4,000- §5,000- $7,500= v

4. Gillespie $2,000 $3,000 $4,000 $5,000 $7,500 10,000 $10,000+ 3
6.08  6.2% 5.8% 6.9% 5.2% 3.1% 2.3% 5

i

&

Sources: See following page.
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4.0 Latys Sources

Hi
f
93
=t
(o

1 .
Berrioct and

Miller, "The Taxes Wa Fay", Conference
Board Pacord (May, 1971): and *Tax Changes Anong Inccme
Groups, 1l26Z-%3", Business Horizons (February, 1972).
Data froem 1963 Survey of Financial Characteristics of

Consumers.

Total Income = meney income plus
uncerreported mconey income
imputed inccme
realized capital gains
retainsd earnings
indirect taxes {iess transfers

——

Musgrawve, Study in progress.

Data was ©
ge ‘I:‘-«"ln oom

ained from the Brockings Inst
e e e i
tunltj and U.

= 5 5
=3 from the 195¢% Survey of Econcmic Oppor-
Government Tax File,

Adjustzd Family Income = fhctor incere
+ corporats profits
+ trancsfers

+ imputed rent
+ wage supplements

+ insurance intarest

+ other accrued capital gains

3 g o
Tax Foundzticn, Tax
Expenditures v Inccme Cla

t

Burdans and Renefits of CGovernmant
35 (New York, 1S%o7).

Data cocnoriled from Bureau cf
itures 2n

r Evrenditure

Labe
an? Incoms, Sturvey of Consum
13 RELO

Gi Lapor Stakbistics @ Ort NOo. 237-39)

U. 8. Depar
2

(July, 1966),

Total Incone
4

irncome baefore taxes.

Gillesuie, "Effects of Public Expa2acditures on the Dis-
= = L5

tribution of Income”, in Musgrave, Essavs in Piscal Federa-
ticn {(Brookinics, 1%865)%

Adjustced Income = incocne + berefi*" from government +
transfers =- taxes.

-BH =~

e
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TABLE 4.4

The Incidence of local Covernment Exvenditures

" NATURAL ERESOURCES

of Inccme

of Inceme

Income " Benefiis as a 2
Under $2,000 6.25%
2,00C - 3.953 2.09%
4,000 - 5,839 l.4€%
6,000 - 7,999 .SE%
8,000 = 9,999 .2C%
10,00C¢ - 14,999 .62%
15,00C¢ - 24,985 443
25,00C + 37
Source: Herriot and Miller, op. cit.
MISCELLAMECUS
Income Benefits as a 2
Under $2,000 17.1 %
2,006 - 2,959 5.6 %
3,000 - 3,999 3.1 %
4,00C - 4,99¢° 2.0 &
5'000 e ?,499 102 %
7,500 - 10,000 =7 2
10,000 + .4 %
Source: Gillespie, op. cit.

TOTAL LCCAL GOVERNMENT EXPENDITURES

of "Income

Incoma " Benefits as a %
Under $4,000 27.1 %
4,000 - 5,700 18.7 %
5,700 - 7,990 15.8 &
7,902 - 10,400 = X202 %
12,500 = 17’500 7.4 %
35,500 + 2.2 %

Source: Musgravs, op. cit.
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1 : 12 = L. ] = .
category of public safety. The incidenct of total local
governnent expenditures is also provided. In all three cate-

gories, scme ragressivity is evidernced; that 1is, the poor
benefit more than prorortionately froem leczl government ex-

=

penditures. 2As we might expect, given the inclusion of
transfer payments in the miscellarecus catagory, this cate-
gory of expenditures appears scmewhat more regressive than
that of natural resources. I suspect that, if we ccunsiderad
public safety alone, the ordering of the tweo classes of ex-

penditures would ke revecsed.

4.3 The Distribution cof Cousts Detailed

Cn the basis of the analysis of water polluticn abate-
ment financing sources, in <conjunction with the tax and ex-
penditure incidence work discussed above, an estimate of the
incidence of pcllution abatement costs may ke obtained.

First, consider a situaticn in which the full costs
will be financed through the property tax. In *he M=arrimack
River Basin, the cests of water pollution abatement pregrams
which will be borne by local communities is $90,000,000. IZ
we distribute the incremental property tax regquired by this
new program in the same propcrtion as the original Musgrave-
estimated property tax,l3 we end up with a distribution of

incremental pollution abatement cecsts as in Table 4.5. On the

121n addition to putblic safety, the miscellaneous cate-

gory includes manpower, pcstal services, commercial regula-
tion, public utilities, and transfer payments.

I3 y T : :
This method implicitly assumes that property tax in-
creases involve no change in the structure <f tax rates.

-88 -



TABLE 4.5
The Distrikution of Ccsts of Water Pollution Abatement
in the Merrimack River Basin Assuming Full Financing
by the Property Tax by Towns

Burden as a Percent

Inccme Class " of Annual Income
Under $2,000 2.0 3
2,000- 4,000 5% 4
4,000-- 6,000 1.4
6,000~ 8,000 1.3
8,000-106,000 1.2

10,000-15,300 ded
15,000-20,000 1.0
20,000-30,000 .90
30,000-50,000 .87
50,000+ 1.0

-89-
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cost side, at least, water pollution abatement programs are
clearly recgressive,

Consider now the effects of supplementing property tax
revenues with some form of expenditure substitution., Under
the assumpticn of a conservative hvpothetical budget, 64 per-
cent of the expenditures in Nashua and Lecominster are financed
through property tax increases; the remaining 36 percent of
water pollution abatement costs are financed tihrough selec-
tive expenditure substitution. Under assumptions of a more
liberal growth path, only an averags of 39 percent of these
new costs are covered by property tax increacses; fully 60
percent are financed through expenditure cut backs in other
areas. What effect does this have on the original cost dis-
tribution?

Two alternative incidence estimates are pressnted; ons
assuming conservative town budget growth, and a second assum-
ing a more liberal growth rate. In generating the alterna-
tive incidence estimates, several additional assumptions
were made:

i. The whole basin arsa will finarnce water pcllution
abatement via the average scheme historically used by Nashua
and Leominster--viz. alternatively 64 percent and 39 percent
financed through property tax increases.

2. The expenditure substitution
tween expenditures on natural resourc

=
ticn and parks, and miscellaneous expe
public safetw.

divided equally
a proxy for re
;4
A=

s
H 4
ditures, a proxy for

i
=
n

These two assunptions, coupled with the expenditure in-

cidence work discussed in the previous section, generate the

-G0-
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distribution of water pollution abatement custs given in
Table 4.0 |

Several conclusicns emerges from a comparison of Tables
4.5 and 4.5. First, given the types of expenditures which
towns are most likely to reduce in response to water pollution
abatement legislaticn, expenditure substitution results in
sreater regressivity of coests than does property tax financ-~
ing. By and large, the distribution of foregone benefits of
reduced expenditures is more regressive than is the propert
tax. Thus, previocus studies which assumed purz tax financing
of new water programs have, to some extent, underestimated
the regressivity of these programs.

In terms of government policy, ths conclusions generatad
here have further, more important, implications. In particu-
lar, it is clear that the distributional =2ffects of new water
pollution abatement programs are guite sensitive to the mech-
anism used to fund these programs. However, previcus work
suggested that the only real tool available for altering
maldistributicnal ccnsequences  was to alter the percentage of
the costs of thess programe financed by local governments.

My results suggest that this is not *rue, 1In particular, the
distribution of costs of water polluticn abkatement programs
may be altered significantly by local governnents acting by
thamselves: they need only alter the mix cf currentiy avail-

able funding sources. This is an important policy conclusion
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TARBLE 4.6

The Distribution ¢f Cests of Water Pcllution Abatcment
an the Merrimack, Assuming Financing Through
Property Tax Increases
and Selective Exrenditure Substitution

Conservative Growth Liberal Growth
(64% Firanced Through (3¢2% Financed Through
Preoperty Tax) ; .- w....Property Tax)
Cost as a % Cost as a %
Income cf Income Income of Income
Under $2,000 3.4 % Under $2,000 4.1 %
2,000 - 4,000 2.3 % 2,000 - 4,000 2.5 %
4,000 - 6,000 1.8 % 4,000 - 6,000 1.9 ¢
€,000 - 8,000 1.6 8 6,000 - 3,000 1.6 8%
8,000 -10,00C 1.4 % 8,000 -10,000 1.4 %
16,000 -13,000 12 % 10,000 -15,0G0 1.2 %
15,000 -20,000 1.2 % 15,000 -20,000 1.1 %
20,000 -50,000 .9 g 20,000 -50,000 <9 %
50,000 + 1.5 % 50,000 + l.6 %

=8 D e
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since it places at least some respcnsibility for the maldis-

tributicnal resulits cf federal policy bac

L)
r

into the hands of
local goverrnments and suggests that cost distributions may
be altered without further centralizing budgetary responsi-
bilicy.

In Chapter 5, the second side of water polluticn abate-
ment expenditures is considered: the nature and distribution

of the benefits of water pocllution abatemert programs.

-03-
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S The Distribution of Benefits of Water Pollution Abate-~
"ment Amcng income Classes '

The net benefits which accrue to an imdividual from the
consumption of x units of goocd y mav be expressed as the
difference bketween the amount that individual is willing to
pay for that gcod and its actual cost. In more formal taerms,
if the marginal utility of income is assumad constant over
the relevant range, net benefits are equal to the cocnsumer's
surplus triangle.

If the gcod under censideration is a private gocd, the
derivation of this net benefit figure is relatively straight-
forward. Willingness to pay is equivalent to the area under
the consumer demand curve; this demand curve is in turn es-
timateable from data on market transactions. In the case of
public goods, however, estimating consumer tenefits is scme-
what more problematic. In particular, since the full berne-
fits of the production of a public good are not appreopriablie

through market transactions, meaningful demand curves are

not in general revealed by market behavior. Thus, some al-

e o

ternative apprcach to demand or benefit measurement is neces-
sary. -

Several rather diverse techniques for estimating the
benefits of water pollution abateient programs are used in
this chapter. 1In Section 5.1, a fairly straightforward en-

gineering @approach is described and applied: here, benefits

are estimated entirely from data on current and expected
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river guality céupled with data on the proximity of alterna-
tive recreational facilities to basin reszidents. In Section
5.2, several mcre conventional utility-based technicues for
estimating benefits are descriked; and, finally, in Section
5.3, some empirical results generated by the z2pplication of
these utilitv-oriented benefit estimation techniques to the
Merrimack River Basin are reported. The estimates of the
incidence cf water pollution abatement benefits generated by
this latter wocrk are contrasted with the ccost estimates of

Chapter 4 to provide net incidence figures.

=95~
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S.1 " An Fnginesring Approach to Benefit Estimation

The objective berefits which will accrue to residents of
the Merrimack River Basin from current water pollution ef-
forts depend primarily on three factors:

{1) the current river quality;

(2) the expected future river guality given the current
akbatement efforts; and

(3) the gquality and quantity of other water bodies in
the area.

A comparison of items (1) and (2) above provides an es-
timate of the actual physical kenefits which will be generated
by pollution abatement efforts. Factor (3) is an index of
the availability of substitutes for the polluted river; it
thus affects the elasticity of demand for water pollution
abatement on the particular river segment under study.

Previous work in the area of benefit estimation has con-
centrated, at least implicitly, on estimating peopie's indif-
ference maps as between water quality improvements and income. -
Clearly, the three Zactors listed above represent arguments
of those utility functicns; typiczlly, othar economic, social,
and demograptic atitributes of individuals enter as_érguments
of theée utiiity functions as well. 1In faci, the empirical
tests presented in Seqtion 3.3 of this work represent an at-

tempt to estimate these utility functicns.

. o¥

There are, however, some thsoretical problems implicit

in this aoprcach. It should be clear that the broad welfare
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goal implicit in programs predicated on a utility-oriented

benefit estimati

0

n

ot

ecchnicue is o maximize scme sum of in-~

J4=

dividuals' uvtilities. The appropriateness of using utilities
PEIXop g

as a bhasis for government policy in the area of water pollu-
tion abatement, however, is unclear.

In particular, o a large extent, tastes for clean water
are endogencus; that is, an individual's demand for clesan
water depends at lsast partially on his previous experience
with clean water. This endogeneity is largely a function of
the phencmenon of learning-by-doing. Individuals in areas
which have histcrically had clean rivers learn to exploit thé
gdvantages of that resource and, thus, Value its benefits
highly. Conversely, if a river has historically suffered
frem severe pollution, area residents may have never learned
to enjoy the benefits associated with a clean river; thus,
they may value pollution abatement efforts quite low.l The
existence of significant learning-by-doing effects suggests
that, in severely polluted river areas, benefit estimates —
tased on pre-abatement willingness to pay surveys will be con-

siderably lower than the beniefits which in fact accrue to

area residents from polluticon abatemen

ot

- 4=
22L8

pro

|

lMarc Rokerts, et. al., Metropolitan Water Management,

a study donc for the National Water Conmissicon by Urban Sys-
tems Research and Engineering, Inc., January, 1971
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Under these conditions, the appropriate measure of bene-
fits,'gﬁ_gggg or ex ante, is unclear, Moreover, the optimal-
ity of using individualis' utilities as the arguments of the
social weifare function at all is no longer obvious. Much
of the learning-byv-doing effect invelves simple habit forma-

tion; that is, ex post benefit valuation tends to be hich be-

cause pecple become habituated to recreaticnal water consump-
tion. We have a situation analogous to the one in which w=
try to evaluate the benefits derived by individuals from a
heavily advertised product: if a firm first creates a2 taste
for a good and then satisfies it, it is not entirely clear,
in a normative sencse, how we should viaw that satisfaction.
Philecsophically or ethically, of course, scme judgment can

be made; in particular, to the extent that we view river ap-
preciation as a "good", then the process of creating a taste
for that good and then fulfilling it would seem to ke a posi-
tive action. This position, of course, arcues for the use of

ex post benefit figures. However, within the context of

strict positive eccnomics, the right choice remains ambiguous.

It should be noted that the learning-by-doing effect in
particular may result, not only in an underastimate of aggre-
gate benefits, but in a misestimation of the distribution of

benefits among income classes as well. The strength of the

learning-by-deing effect, at least in the area of water recre-

ation opportunities, seems tc be inversely related to income

-

i amns
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ievels. High income people can travel to "learn" the value
of clean water; ieurning opportunities for lower inccme
people are more restricted. Sfurthermore, hatter educated
people tend to be more adept at making abstractions; thus,
innediate experience is scimewnat less critical in their valua-
tion prccesses. Thus, to the extent that education and in-
come are collinear, this factor too suggests a systematic dif-
ference zamong income classes in the deviation cf expected and
actual benefits from water pollution abatement programs.

A similar systematic discrepancy between expected and
actual benefits from water polluticn abatement prcgrams is
produced by land use changes. One would expect a program of
river quality improvement to be fcllowed by scme chance in
the use of land surrounding the river; in particula?, we
would expect a new land use configuraticn to emerge which
would exploit the new river guality. EX ante benefit surveys
implicitly assume pre-clean-up land use patterns; thus, for
this reason as well, these surveys are iikely to understate
actual kenefits.

In short, ir circumstances in which gcvernment policy,
in the process ©f fulfilling demand, in fact systematically
alters that demand, the use of preferences as a pclicy guide
may no longer be abpropriate.

Given this ambiguity, in this study, two different esti-

mates of the benefits of water pollution akatement are given.



Ir Section 5.3, the results of an ex ante utility-oriented
éurvey approach are presented. In Qenerating benefit esti-
mates from the survey data, the problem of endogeneity of
tastes is largely ignored.2

In the remainder of this section, an alternative bene-
fit estimation technique is applied. This technigue takes ac-
count of the endogeneity of tastes; it provides, however, only
a first, rough approximation of benefits. Rather than attempt-~
ing to measure utilities, I directly measure the three rain
arguments of the utility functicn descriked above--current
river quality, eupected future river quality given the abzate-
ment pregram, and availability of alternative facilities--and
try to infer ex post benefit levels from these variablies.

The major differences between this type of benefit esti-~
mation and the willingness to pay estimates generated later
in this study should be clear. In the latter studies, the
implicit social welfare cbjective is to maximize some sum of
utilities; our principal concern then is the distribution of
these utilities across inccme groups. In the technigue ap-

plied here, concern is with the distribution of actual physi-

cal results; the implicit social welfare cbiective is to

2While th

= Section 5.2 estimates are generatsd without
reference to the issue of endogeneity of tastes, the survey
data itself allcws us to make some inferencas akout the
strength of the learning-by-doing effect and, thus, suggests
appropriate adjustments. '
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equalize accéss to opportunities across individuals, Once
again, it is fairly clear that, if water pclluticon abatement
were a private gcod, the appropriate benefit measure would be
the one kbased on utilities; however, since water polluticn
abatement is a public gocd, and since tastes for it are to
some extent endogenous, the objective of egual access may in
fact be more appropriate. At any rate, both estimates are
given in this study.

The procedure followed here is quite straightforward.
The analysis is restricted to recreational benefits: these
are the benefits most likely to be affected by pollution
abatement precgrams. We further restrict the analvsis to those
benefits which accrue to residents of the Merrimack River
Basin.

First, the actual river quality improvement (Factors 1
and 2) expected by each town in the study area from new ex-
penditures is estimated, These physical quality changes are
then transformed into changes in the recreaticnal opportuni-—
ties available in the river. Current river guality and rec-
reational cpportunities estimates were provided by the En-
vironmental Protection Agency; expected future qﬁality and
opportunities were estimated from Army Corps inZormation.
There is clearly some uncertainty invcilved in mapping between
pelluticn abatement exrenditures and river guality improve-

-

ments; for this study, howewarx, this uncertainty is ignored.

o < B
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The second step in this analysis is to place scme value

.on the incremental opportunities afforded Iy the pollution

abatement expenditures. This valuation is accomplicshed by
looking at the third argument of the recreaticnist's utility
function--the availability of substitutes., That is, we
measure the median distance town re=zidents must currently
travel to enjoy these incremental opportunities and assume
that the value of these new benefits is directly related to
the distance an individual is from an alternative eguivalent
site. The value, then, of each incremental opportunity pro-
vided by the pollution abatement program is expressed in miles
saved. Notice, I am not using the distance people actually
travel for recresation as a proxy fcr benefits; this is a well-
known utility-oriented technique and will Ime discussed in the
next section. I am ccnsidering, instead, the minimum dis-
tance pecple must travel in order to enjoy particular recrea-

tional experiences. This valuation technigue reflects th

[

not utilities.
No attempt has been made to transforin these estimates of
distance saved into deollars. Considerable work has been done

in the past, particuliarly in the area of transportation aco-
3

nomics, on estirating the value of distance of time saved;

See, for example, Jonn Meyer and Mahlon Straszhein,
Pricing and Project Evaluation, Vol. 1 (Waskington, D.C.,
Brooxings, 1271}
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the results of éhis work are conflicting and; in general,
unconvincing,

The by-town aggregate benefit estimates generated by
this method are presented in Table 5.1. 'In Table 5.2, the
relationship between these penefits and the median income of
the study towns is presented; since all town residents are
assumed to be equidistant from alternative facilities, it is
not possible to construct a within-town distribution of bLene-
fits by income class. The town benefits from water pollution
abatement are next compared to the per capita expenditures
made by that tcocwn. Thus, an estimate cof the distributioxn
amorng towns in the study area of the net physical benefits
of the naw polluticn abatement prcgram. is providad.

The relationship between tcwn median income and the net
expected benefits from water pollution akatement programs has
been graphed in Figure 5.1.

The pattern which emerges from this analysis is scmewhat
random, although net benefits do seem to increase socmewhat
with income. Thus, there is soie indication that higher in-
come towns diiferentially benefit from water pcolliution abate-

ment programs.

In Sectiocns 5.2 and 5.3, an alteriaative taechnique for

e

estimating benefit incidenc:z is outlined, and alternative

benefit incidence estimatss are presented.

v R

Rl -
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TABLE 5.1

By-Town Benefits of Water Pollution Abatement Programs

TOWN CURRENT FUTURE INCREMENTAL DISTANCE TO VALUE ‘TOTAL
RECREATIGNAL RECREATIONAL RECREATIONAL NEAREST IN VALJUE IN
OPPORTUNITIES OPPORTUNITIES OPPORTUNITIES ALTERMNATIVE MILES MILES
B F S B P 5
Alton B.F,8 B,F,S 0 0 0 0 _—— - - 4]
Andover 0 B,F,S B,F,S 20 206 20 20 20 20 60
Bed ford B,F B,F 0 = e i 0
Belmont. B,F B}F,S S — - 8 —— - 8 2
Billerica 0 B,F B,F 10 10 -- 10 106 -~ 20
Bow B, B,FP,S S e iy e W B €
Boscawen B,I B,F,S S ol - ]2 - -- 12 i 5.
Chelmstord 0 B,F ;S B,F,S 10 10 26 10 10 24 46
Concord B,F Q,F,S 5 - -= 20 - == 20 20
Dracut 0 | B,F B,F 20 20 0 20 20 0 40
Fitchburyg 0 B,F B,F 10 10 -- ig0 10 -~ 20
Franklin B,F B,F;S S il w15 -- == 15 L5
Gilford B, Fy8 ByE;8 = e 0 0 G 0] C 0 0]
Goffstoun 10 B, E.5 S Q 0 10 P G 10 10

| =
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TABLIE %.1 (Ccontinuea)

TOWN CURRENT FUTURE INCREMENTAL DISTANCE TO VALUL TOTAL
RECREATIONAL RECREATIONAIL RECREATIONAL NEAREST IN VALUE IN
OPPORTUNITIES OPPORTUNITIES OPPORTUN ITTES ALTERNATIVE MILES MILES
B ® 8 B F S
Gorham 0 B,F B,F 22 24 == 3T 22 - 14
Groveland 0 B,F B,F 8 8 0 8 8 0 16
Haverhill ¢ B,F B,F 8 8 0 8 8 0 is
Henniker B,F,S B,F,S 0 = —_— e —- e e 0
Hillsborough B,F,S B,F,S 0 G s — e 0
Hooksett B,F B8 8 - -~ 12 ne  wa ]2 y .
Hopkinton B.P,8 ﬁ,F,S 0 ey I e 0
Hudson 0 R,F B,F 6 6 -- 6 € -- 12
Jafirey B,F B,F,S S = -- 16 -=- == 186 16
Laconia B,F BR,7,S S 0 0 2 0 4] 2 2
Lancaster 0 B,F B,F 7 A = 7 T = 14
Lawrence 0 B,F B,F 9 9 -- 9 9 -- 18
Leominster 0 B,I" B,F 5 5 == 5 5 = 10
Lowell 0 B, I B,I" 15 15 == 15 1% -- a0




TABLE 5.1 (continued)

TOWN CURRENT FUTURE INCREMENTAL DISTANCE TO VALUE TOTAL
RECREATIONAL RECREATIONAL RECREATIONAL NEAREST IN VALUE TN
' OPPORTUNITIES OPPORTUNITIES OPPORTUNITILS ALTERNATIVES MILES MILES

B r S B F S

Lunenkerg 0 B,P B,F 10 10 == 10 10 == 20
Manchester ., B,F B,F 0 R 0
Heradith B.F,S B,I",8 0 0 0 0 0 0 0 0
Merrimack B,I B,F,S S v -~ 10 —— == 10 10
Methuen 0 D;P B,F 14 14 -~ 14 14 -- _ 23
Milford B,F . B,I",S 5 - == 16 -~ == 15 i6
Nashu§ 0 8,F B,F ¥i 11 =-- 11 11 -- 22
New London B,F B,F,S5 8 - -~ 20 - == 20 20
NMorth Andover B,F B,F,B S = e LR e aew LG 15
Northfield B,F B,F,S S - e = w15 15
Pembroite B,F ' B.F,8 S - -= 15 -— = 15 15
Peterborough B,F,S B,F,S 0 - —_—— - _— == = 0
Pittsfield B,F B,F,S S e - 12 = B 12

Plymouth B,F,S B,F,S 0 A AR W e o e 0

g

e i



TABLE £.1 (continued)

TOWN CURRENT FUTIRE INCREMENTAL DISTANCE TO VALUE TOTAL
RECREATIONAL RECREATIONAL RECREATIONAL NEAREST IN VALUE IN
OPPORTUNITIES OPPCRTUNITIES OPPORTUNITIES ALTERNATIVE MILES MILES I
B F S B F 8

Sanbhornton B,F B,F,S S e -- .6 —_—— e 6 6

Tewksbury 0 B,F B,F 20 B0 = 90 B0 e 40

Pilton 8,F B,F,S S - == 10 == == 10 i0

Warner B,F B,F,S S e -=- 15 - == 15 15

Westminster 0 B,F,S 0 5 5 == 5 5 = 10

Wolfebhoro B;F,S B,F,S 0 0 0 0 0 0 0 0




MED IAN

TABLE 5,2

Net Benefits

and Town

Incone

PER CAPITA EXPENDITURESTRENEFITS
. TOWN INCOME " BENEFITS " EXPENDITURES (miggg saved per §)
*22g)\1ton $ 7000 0 379.47 0
I
- o p-dover 12730 60 2700 2.2
-T———
;= 2edford 11677 0 17.78 0
~af jelmont 7000 8 45,23 .18
-
<33 tillerica 10928 20 8.79 2.28
o2 | low 7500 6 51.30 o2
%t ‘Isscawven £R690 12 84.76 v
:4) NMelmsford 13692 46 30.16 1.52
b o
-8 loncord 7589 20 51.22 .39
T Jracut 10282 40 30.33 1.32
11 Mtchburg 7676 20 148.58 A5
-"-'?-—
.24 Tranklin 7523 15 45,25 .33
.-,0"-..__
;2 Silford 10720 0 45.26 0
r.__ “
.+ S0ffstown 6626 10 2972 .34
R
 30orham 8000 44 45.23 .37
A W
s+ Sroveland 11052 1€ 59, 4¢% 27
<t daverhill 7631 16 6§2.44 26
e
fenniker 7000 0 £7.58 0
\_H______
Hillsborough 7242 0 135.13 0
\"“--__
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TARLE 5.2 {continued)
MEDIAN PER CAPITA EXPEND TTURES+BENEFITS
4’_'!‘0201‘6 INMCOME BEMNEFITE " EXPENDITURES (miles =saved per 3:
=4 zocksett $ R683 ... . .12 . .. €69.89 . et i G
% zopkinton 10802 N S . 126.37 _ 0
"
i fudson 10956 ;% 13.53 .89
e
*n Jaffrey 16
ollc‘r—
5y !Laconia 7696 2 183.29 .01
i lancaster 9500 14 31.23 .45
. -3 |Lawvrence 7367 18 71.25 .25
«_' _Leominster 8985 10 68.25 e ]
Y *Lowell 7376 30 29.90 1.00
.1 Lunenberg 10316 20 . 39178 .12
"'_Lf_{inchester 7560 0 . 17.49 _ 0
% Meredith 8022 0 98,08 o 0
= e
“¥ Merrimack 11284 10 281.95 .04
e Wi
3 Msthuen 9739 28 ) 55.50 i 50 =
!u.___
4 Milferd 6888 16 42.85 .37
s Wi
* Nashua 9302 292 37.63 ) .58
5 W
‘-.‘Iew London 12060 20 241.50 .08
* ¥rth Andover 10249 15 38,32 39
© Northfield 6800 15 . 45,22 .33
fembroke 3922 15 258,80 .06
; -109-



TERLE 5.4 {(continusd)

MEDIAN PER CAFITA EXPENDITURLES-RENEFITS
TCWN - INCOME BENEFITS " PY¥XPEMDITURES (miles saved per $)

# |;oterborough 16739 . T IT Zanges L B
N o
% |ritesfield B2BTE & oy 12 333.73 .04
.
‘¢ |?lymouth 4470 ¢} 17.75 0
4 | cankornton 8000 6 . - 45.20 wcl:3
o | sawksbury 11250 40 25.95 1.34
#f k7ilton 68453 1C 45,26 w2
“ I narner 10000 15 i59.61 .0¢
W |Westminster 10350 10 49.61 .20
i |Wolfeboro 37¢1 C 57.64 0

%
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5.2 ”Estimatinq Demand'Curve;

There have becn a number of attempts to circumvent the
prehlem of lack of market data and to estimate the demand for
water gquality improvements. Early Army Corps of Engineers'
studies used a groess cost method: benefits were assumed to
be egual tc the costs of providing the given guality improve-
ment. The use cof this particular technique is clearly zpe-

cious; in addition tc justifying all projects, it dcoes not

differentiate among projects. A similarly unfruitful method

which has been used in the past is to value benefits at the

market price of additicnal fish caught as the river guality
improves: clearly this technigue limits itself to ona small

class cof benefj.ts.4 Two other metheds for estimating the d

{'D

mand for water quality improvemcnts are somewhat mere viable:
the travel cost method and the survey method. In this sec-

tion, the theoretical framework, procedures, and results gener-
ated by each cf these methods are reviewed.

5.2.1 The Travel Cost Methcd . . =

If we begin with a simple model cof a single river site,
it is clear that the recreational demand for that site will

be given by:

B ; ; .
For a discussiocn of the use cf these two technigues=--

gress ccst and wvalue cf fisni, see Jack Knetsch and Rohert
Davis, "Comparisons of Methods for Recreaticn Evaluation”, in
Knesse and- Smith, Water Research (Baltimore, Marylard, Jonns
Hopkins Press, 1965).

iR



(1) V=YV (¥,P,R)

where V = nwibter of wvisits; the guantity measure
¥ = gset of individual attributes
R = set orf facility attributes
P = nrice of a user—-day

In estimating a demand curve, we are concerned with the rela-
tionship between 7V and P, The price of environmental quality,
however, is nct available and, instead, must be inferred from
other data. The usual technique is to use travel ccsts plus
entrance fze as a prouny for the price. We can then, by look-
ing at the relationship between travel costs and number of
visits at an existing site, and by controliing for Y and R,
predict the number of visits of demand for a new site.

The use of the travel cost method originated with
Hotelling.s The Hotelling modzl, however, is somewhat simp-
ler than the model given in (1) above. Hotelling looks
simply at:

{2) v =V (,R)

That is, he assumes that all visitors to a particular site

value it equaily. The heusehold driving thé greatest dis-
tance is considered the margiral unit; censumers’ surplus is
estimated as the difference tetween the distance travelled by
the marginal unit and the distance travellad by all the intra-

marginal houselrolds.

5 _ 2
H. Hotelliing, in Rov A. Pre
n

lic Recreation, U
Park Service, 194

vitt, The Economics of Pub-
S. Department ¢f the Intericr, lational

Do
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Clawson later relaved this assumption cf strict home-
geneity of individuals.to scme extent.6 Clawson initially
agaregated households into zcnes of origin, where zcnes are
defined by distance frem the site. He them considered the
relationship between visits per capita per zcne and distance
of the zone from the study area. Thus, Clawson assumes only
homogeneity of zunes, and nct homogeneity of individuals
across zones. Clearly, in order for this approach to be
valid, the zones must be defined in such a way that it is
meaningful to assign a unique travel cost to each zone, and
further to assume that all zones are homogeneous with respect
to their tastes for recreation.

A final extension of the travel cost method of estimat-
ing recreatiocnal demanéd is provided by Knetsch.? Unlike
Hetelling and Clawson, Knetsch does not assume homecereity
either among individuals or across zones. Instead he directly
estimates an eqiiaticn in the form of Equaticon (1) above; as

an index of site attributes or quality, Xnetsch uses crowd- -

-
-

ing and the availability of substitute facilities; as an

n—
-

dex of individual tastes, he us2s median income. Both vari-

ables are statistically inportant.

6Marion Clawscn, Methceds cof Measuring the Cemand fcor
and Valus of Cutdcor Recrezticn, reprint No. 10 {Washington,
D, C., Resouxces Ior the future, 13553%).

7Jack"Knetsch, "Cutdeocr Recreéaticn Demands and Bene-
fits", in Land Economics, Vol. 39, Ne. 4 (1%63), pp. 2387-397.
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Even under the Xnetsch formulation, the travel cost
method retains a number of problems. In particular, it ac-
counts orly for recreational benefits whicn result from
river quality improvement; clearly, there are additicnal
benefits in terms of land value incresases, opition demand, and
aesthetics which are being ileft uncountsd. Meorecver, there
are problems in the use of this technique even in the arsa of
narrow recreational benefits. In order to use estimates
generated by use at an existing site to predict future use at
a second site, we must assume complete comparability between
sites. Knetsch attempts to deal with this by including
crowding in his regression; it is clear, however, that this
is a quite imperfect proxy for facility quality. Insuring
complete comparability between sites would be quite difficult.
A second preoblem is posed by the use of monetary ccsts cf
travel as the price index. The true costs of travelling in-
clude not only out-of-pocket expense, but the costs of time
spent and the implicit utility/disutility of -travelling. -
Cmitting time from the vrice ol recreational use clearly
biases the demand curve to tne left cf the %(rue curve;8 the
direction of the bias imposed by excluding the uéility of
travelling itsclf clearly depends on whether or not this pro-
cess is pleasureakle. Thus, while it is ciear that restrict-

ing our attention to out-of-pocket costs biases cur demand

L'
ar

8 T
Knetsch, ibid.
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estimata, the pet direction of that bias is unclear.

Despite the problems implicit in the {xravel cost method,
it does provide & reascnably cbjective method of estimating
demand. In Section 5.3, some use will be made of the travel

cost mcdel in estimating demand; in particular, we will be

W

concern=d with current travel costs incurred by individual
recreationists and their respective willingnessesﬂto-pay Ifor
river quality improvements. The willingness-to-pay technigue
is discussed further below.

5.2.2 Survey Technigues

As an alternative to the travel cost method, several
studies have estimated demand curves for water quality imprcve-
ment by interviewing pz2ople and asking them to define their
own preferences. Two variants of this technigue have been
used: user-day analysis and direct willingness-to-pay.

A first approximation of the benefites which will accrues
from water polluticn abatement programs can be obtained by
estimating the freguency with which "clean" rivers will be -~
used for recrsaticnal activity. Typically, surveys collect
information on the social and economic attributes of individu-
als and, simultaneously, on the number of days these individu-
als expect to use the cleaned-up river for particular activi-
ties (viz. swimming, fishing, and boating). By regressing
user-days ?n_variables such as income, sex, education, resi-

C

dence, and so on, we can estimate the distributior of thke

=116~



o —

e —__ A e s

reaal, physicél benefits of water pollution abatement. TFur-
thermore, by lcoking at the coefficients generated by the
user-day regressicn and the actual socic-economic attributes
of area residents, we can estimate the aggregate user-day
benefits of water poliution abatement.

One of the better applications of the user-day technique
described abcve was a study by Davidson, Adams, and Seneca.9
The data base used in this study was a 1959 University of
Michigan Survey Research Center survey cf the recreational
use patterns of 1,352 households; data was collected on in-
dividual attrikbutes, attributes of neighborhoods in whicii re-
spondents live, and, finally, the frequency with which re-
spendents engage in fishing, swimnming, or boating. Davidscn,
Adams, and Seneca then estimated the functional relatiornship
between recreational user-days and these individual ané neigh-
borhood attributes. As one might expect, user-days vary di-
rectly with income, education, and proximity to facilities.
Davidson, Adams, and Seneca then applied the coefficients es-
timated from the University of Michigan survey to estimate
the social value of water recreational facilitiess in the Dela-

ware Estuary.

gPaul Davidson, F. Gsrard Adams, and Joseph Seneca, "The
Social Value of Water Recresticonal Facilities Resulting freom
an Improvement in Water Quality: Th2 Delaware Estuarv®, in
Enesse and”Smith, Water Research (Baltimore, Maryland, Johns
Hopkins Press, 1963).
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The analysis described above yields an aggregate value
and a distribution oflvaluas of water pollution abatement
only in terms cf user days; note that this technique doces not
generate dollar values for benefits whichk micht then be com-
pared withh the dollar costs of the program proposed. Thus,
this anaiysis dces not indicate whether or not a particular
program of water pollution abatement is efficient; moreover,
unless some additional assumptions abocut the variaticn of
user-day values with income are made, no information is gener-
ated about the progressivity or regressivity of water pcllu-
tion abatament programs.

There have been several attempts to transform user-day
estimates into dollar values. Davidson, Adams, and Seneca
chose an arbitrary figure in order %o make this transfecrmation.
In this analysis, the value of a user-day was chcsen indepen-
dently of the attributes cf individuals; thus, the distribu-
tion of dollar benefits from pollution abatement follows di-

rectly from the distribution of physical benefite.

The Davidscn, 2dams, and 3Saneca apprcach of using a
single value fcr a user-day may well be inappropriate. In
particular, a decision-maker typically consicders factors other

than efficiency in choosing amcny altsrnative public programs;

one way to incorpcrate these other gcals intc the decision
process is by assigning differant relative weights to user-

days depending on specified attributez of individual users.
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Thus, Mack and Meyer = suggest that water pollution sbaterent

programs be ijudged by comparing their costs with merit-~
weighted user-days; merit weichts are assigned hzre according
to factors such as income of bkeneficiaries, area cof the
country, conservation-ecolooical disaster, and sc cn.

Even if one chooses tc censider only strict sceoncmic

Ificiency, the use of a single value for a user-day may be
inappropriate. Work in other fields, and,. in particular, in
transportation ecconomics suggests that the value of time
varies inversely with income.ll Thus, ong would expect in=-
dividuals with different initial incores te assign diffecent
dollar values to incremental racreational opportunities rpro-
vided by water polluticn abatement.

In addition to the problems discussed above in assign-
ing meaningful dollar values to user-days, this technicgue has
a seccond proklem. In particular, it accounts only for recre-
ational benefits and, tus, ignores potentizlly important bene-
fits such as coption demand, aesthetic improvements, and so on.

An alternative survey techinigue involves asking people

what they would be willing to pay for given levels of wvater

10 & 5 s g .
Ruth Mack and Sumner lleyers, "Outdoozr Recreation”, in
Rozert Dorfman, ed., Measuring the Eenefits c¢i Government In-
vestment (Wasnington, D.C., Brookincs, 1963%), op. S1-1CJ.

11 = : g %
Anthony Bliackburn, "A Non-linear Model of the Demand
for Travel, in Richard Quandt, The Demand Zor Travel (Massa-
chusetts, Heath Lexington Eooks, 197/0), pp. 163-~180.
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quality imprbvement. Of the methods available for estimat-
ing thke demand for environmenﬁal quality, this is the most
thecretically promising. It shculd be noted, however, that,
while this technique avcids problems of transforming days
into dollars and provides an ectimate of all classzss of bene-
fits, it nevertheless retains the problems imposed by endo-
geneity of tastes discussed in Sectiocn 5.1.

Perhaps ths best application of the willingness-to-pay

technique is the work dons on the benefits of outdocr recrea-

s

tion siftes in Maine by Knetsch and'Davis.12 In this study,
Knetsch and Davis interviewed 185 hunters, £ishermen, and
campers, and collected information or their willingness to
pay for site use, as well as on their social and economic
characteristics. The willingness-to-pay informaticn was
gathered through a "bidding game", in whichk the researchars
successively increased prices offered until respondents ended
the game. As expected, both income and edurcation were posi-
tively related tc willingness tc pay.
In the next secticn, T present the resulws ¢f a
willingness~to-pay survey, similar to the cne described zbove,
which I conducted in the Merimack River Basin. I further
present the resu ts of applying a usar-day aprrcach on the

same survey pcpulation.

lzJack;Knetsch and Robert Davis, "Compaxrison of Methods

for Recreation Evaluaticon', in ¥nesse and Smith, Water Re-
search (Baltimore, Md., Jchns Hopkins Press, 19657V,
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3.3 Results of a W;lllncnccs ~to-Pay Survey on the Merrimack
River Basin

5.3.1 Survey Descrigption

In order to elicit information on the potential benefits
which might be expected to accrus frecm currxent water pollution
abatement efforts on the Merrimack River, a willingness-to-
pay survey was conducted. The responses to this survey pro-
vide an approximation of the expected utility of basin resi-
dents from current water pollution abatement expenditures.
Surveys were administered by telephone.

A copy of the survey instrument is presented in Exnibit
1l below. Several characteristics of the questionnaire de-

serve mention.

First, in administering the questionnaire, the willingness-

to-pay question was preceded by questions on frequency of use
and availability of substitutes. Early survey testing sug-

gested that people in general have considerable difficulty in
assigning monetary values to clean water:. typically, people
considered clean rivers either'priceless or w&rthless. Re~-

ordering questicns so that river use characteristics and al-
ternative cpportunities for recreation preceded willincness-
to-pay questions encouraged resgcendents to csystematize their

answers a little bit further. it shculd pe noted that,

13The observation that crdering matters has been made
previously. 4v “Olltlc__ sclentists, as well as by other re-
searchers; "in zarticular, the design cof an acgerda in voting
situaticas can scmetimes alter the results of votes. Ore of
the earliest attempts to builéd a waste treatment plant in the

-121-
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EXHIBIT 1
Questicnnaire Uszd for the Willingness-

to-Pay Survey on the Merrimack

Tc be

Q

ompleted by the interviewer:
1. Name cf Respcndent

2. Address

3. Sex

To ke asked the respondent:

I am conducting a survey thrcugh Harvard University for
the Environmantal Prctection Agency on public reactiocn to
water pollution. I wonder if you would answer a few short
gquastions for us?

1. As you probably kncw, there have keen scme efforts re-
cently to clean up the River. If the River
were to ke cleaned up, hcw many days per year wouid you
use the River for the following activities:

A. PBoating
B. Fishing
C. Swimming

2. How far dc you currently travel to fish, boat, and swim?

3. How much would you ke willing to pay, either in the form
of a tax increasz or cut-of-pccket per year to clean up

the river so that the above activities would be possible?

Now we have s
a

veral guestions wnich the E.P.A. wants to use
to put your ¢

—_
ngwer in a c*tatistical contex

1. How many pecple are currently living with vou in your
family?

2. Do you rant or cwn your hcme?
3. What is the highest grade of education you have completed?

4. 1Is vour average family yearly income in the range:

Less than $3,0C0 15,000-20,000
3,000--5,00GC 20,600-25,084C
5,000-10,000 25,000+

10,000-15,C00

Thank you very much.
-122-
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despite this re-ordering, some reluctance to value clean water
in nonetary terms reamained; survey rasults should therefore
be treated cautiocusly.

Interview responses are sensitive, not only to the order-
ing of guestions, but tc the structure of the willingness-to-
pay question as well. Concretizing the question, by tying
willingness to pay to willingness to incur either tax increases
or user charges, increases the incentives for respondents to
understate their preferences; respondents more oftern suspec-
ted the interviewers of being either environmental groups in
searcihh of donations or city officials in search of additional
revenue. On the cther hand, abstract demand guesticns are
much meore difficuit for people to answer and may well be a
less realistic assessment of true willingness to pay. The
survey guestion used here attempted to strike a balance ketwseen
these two problems; multiple disclaimers of association with
either fund-raising groups or government were made.

In order to insure some consistency in the way in which_
questions were asked, all interviews were conductad by either

myself or my husband.

Merrimack PRasin was cdefeated largely because it was embedded
in the toun refersndum ketween three anti-labor iesues and
three anti-Church guesticns. (I owe this skory tc Jdack McKee,
cf Camp, Dresser, and ilcKee, an engineering firm responsible
for much of the waste treatment facility construction in the
Merrimack Region.}

s W
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The sdfvey yielded 200 useable respcnises, out of total
attempted guestionnaires of 400, The benefit figures gener-
ated by the survey are, in all likeiihood, biased upward to
scme extent: typicallily, environmentally cconscicus people
-were differentially willing to answer survev guestions.

The 200 interviews were divided among towns by first
assigning cne interview to each of the fifty towns, and then
dividing ths remaining 150 interviews acccrding to the rela-
tive populaticns of each cf the towns. Particular respondents
from each town were then chosen randomly frcem telephcne di-
rectories. Thne characteristics of the sample generated by
this methcd are given in Tables 5.3 and 5.4 below, It should
be notad that, despite the relatively simplistic sample selec-
tion design, the sample attributes which resulted correspond
closely to the characteristics of the underlying basin popu-
lation.

5.3.2 Survey Results on the Distribution of Benefits of
a

Water Polluticn Ab
River

(€]
(1
Q
t
[
0
It

The data generated bv the survey described in
5.3.1 was used to address two major guesticns:

(1) What is the aggregate willingness to ﬁay or demand
for water pollution abatement in the Merrirmack River Basin?

{(2) What are the determinants of this dsmand for water
pollution aba*ement?

The ‘dnswer to Question 1 can be comparaed with total costs

of water pollution abatement prcvided in Ckapter 4 to give an
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TOWN

Massachusetts

Andover
Billerica
Chelmsford
Dracut
Fitchburg
Groveland
Haverhill
Lawrence
Leominster
Lowell
Lunenherg
Methuen
North Andover
Tewksbury
Westminster

TARLE 5.3

Interviews by Town in the Sample

NG. OF INTERVIEWS

- TOWN NO. OF INTERVIEWS

=

=t
PO U~ WS WOo R -Jdin

103

' New Hampshire

Alton
Bedford
Belmont
Bow
EBcscawen
Claremont
Concord
Franklin
Gilford
Goffstown
Gorham
Henniker
Hillsberocugh
Hooksett
Hopkinton
Hudson
Jaffrey
Laconia
Manchester
Meredith
Merrimack
Milford
Nashua 1
New London
Northfield
Pembroke
Peterborough
Pittsfield

- Plymouth
Sanbornton
Tilton
Warner
Wolfekoro

=t
MNMHEMNNMNMNONMRNDRNDNNENNDNNIABNMDRRDNONNNNDNNDNSNSNSENNEFRN
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Attribute - Number of Respondents

All 200

Less than 2,000 ¢
3 - 4,999 16
5 - 9,999 ' 50

10 - 14,99¢ 66

15 - 19,999 ' 34

20 - 24,999 12

25,000 + 12

Ecducation

Less than High School 34

High Schocl 83

1-2 Years Collage 42

2.1-3.9 Years College 3

4 Years College 26

Masters 8

Ph.D. 4

Sex

Male 91

Female 109

Home Ownership

Rent 45
Own - 154

FPanily Size

H O Woo <10 U e W M-
[
~
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estimate of the overall efficiency of current programs.,
Question 2 is relevant to the issue ¢f incidence or equitv
of water pollution abatement prcgrams.

The primary interest in this study is the extent to
which the benefits of water pollution abatcment will accrue
tc individuals in different income classes. The principal
data relevant to this issue is contained in Tables 5.5 and
5.6: cross tabulations cf, first, income and willingress to
pay for clean-up of the Merrimack, and, second, of income
and the frequency with which individuals expect to use a
cleaned-up river for recreation. These two tables are dis-
cussed in more cdepth below,

The median amount individuals in all income classes are

willing to pay for water pollution abatement on the Merrimack

(]

is §12.14, This willingness-to-pay figure, however, varies

ccnsiderably by income. Seventy-three percent cof the indi-
viduals with family incomes less than $5,000 were willing to

pay cnly ketween $0 and S5 per year for water polluticn abate-

(r

ment programs; only 20 percant of the respondents with incomes

over $15,C000 had demand prices less than £3. Similarly, only
11 percent of the individuals with incomes less than 55,000
were willing to pay as much as $100 for poilution akatement;
22 percent of the individuals with incomes over $13,000 fell

into this category. This pesitive relationship between in-

come and willingness to pay for water polluticn abatement

W
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TABLE 5.5

Cross Tabulation of Inccme

and Willingness to Pay

Willingness to Pay

Income- $0-5 6-10 11~25 26-49 50--99 100-199 200+ TOTAL
LL.ess than $£3,000 a 0 0 0 0 : o 10
3,001 - 4,999 10 1 3 0 0 1 d: 16
5,000 - 9,989 20 | 6 5 & 8 7 3 50
10,000 - 14,999 e 8 i85 2 6 9 5 €6
15,000 -~ 19,999 7 . 6 4 0 8 U 2 34
« 20,000 - 24,999 2 2 6 C 2 0 0 12
25,000 + 3 0 2 2 1 2 2 12

TOTAL 72 23 35 5 25 27 13 200
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Frequency of Use

TABLE 5.6

Cross Tabulation of Frequency of Use and Income

Income dg;g 6-10  11-25  26-49  50-99  100-199 200+ TOTAL
fess thin §3,000 8 0 0 0 0 1 1 10
3,000 - 4,999 7 1 1 2 1 1 3 1€
5,000 - 9,999 16 2 5 5 13 6 3 50
10,000 - 14,999 16 2 11 12 14 § 3 66
15,000 - 19,999 8 3 8 3 5 6 1 34
20,000 - 24,899 4 2 2 0 4 0 0 12
25,000 + 4 3 1 1 0 1 2 12
TOTAL 63 13 28 23 37 23 13 200



efforts on tﬁﬂ Merrimaék was significant at the ,C1l level,
The elasticity of willingness to pay with income evaluated

in the intervals $5,000-$10,C000 to $15,000-$20,000 is 1.2,
This income elasticity was derived by assuming all income re-
cipients in a class are to be found at the 'midpoint of that
class.

As I indicated earlier, people have a great deal of dif-
ficulty in assigning s dcllar value to river gquality. Thus,
the income elasticity cited above should be treated with
socme caution. There are two technicues which can be used to
circumvent the prcblems implicit in directly asking peoplse
about their willingness to pay. First, we can ask pecole
about expected use of the river: we can then either lock di-
rectly at the variation cf these user days Dy income or
transform user days into decllars to provide an estimate of
the distribution of dolliar kenefits by incame class. This

user-day appircach has clsar advantages in terms of provid

pae
s
(s}

more relieble responsee than willingness-to-pay guestions. -
Furthernore. there is scmre question 25 to whether the high
income elasticity generated by willingness—%to-pay 2stimates
is attributable to diminishing marginal utility éf inccre at
higher income icvels or to a differencs in the propensity of
people at different income levels to use recreational facili-
ties. A user day-income cross tabulation can help sort out

"

these two influences.



In Tatle 5,6, the user day-income relationship iz sum-
marizeéd, The median number of davs respondents expect tc use
the Merrimack, given & cleap-up effort, for any recreational
activity is 12.85 days. A primitive comparison of this figure
with the median willingness-to-pay figure suggests that peopie
value the provision of an extra recreational day at about $1.
Frequency of use, however, also varies with income. Fifty-
eight percent of the respondents with family incomes less
than $5,000 expacted to use the river only five days or less.
Only 28 percent cof those interviewed with incomes over $15,0C0
fell into this low use category. The relationship between
frequency of use and income, however, seems to be S-shaped.
That is, low income people are clustered at either end of the
use classes; they seem to be either very light users of recre-
ation or fairly heavy users. This S-shape may reflact ths
fact that low income people are typically either old, and
thus light users, or students, and therefore potentially
heavy users. The relaticncship between freguency c¢f use and
income is also significant at the .01l level. However, the
elasticity cf use witﬁ respect toc inccme is, unlike the elas-
ticity of willingness to pay, quite low. If we evaluate
elasticity between the intexvals cf §3,000-55,0C0 and $15,000-
$20,0090, we find an inccme elasticity of only .42,

The lower income elasticity cenerated by the user-day

-

approach suggests that the primary reason lower income people

~131~
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place a lowef value on river clean-up than do high incomne
pecple is because of the different values these two groups
place on money, and not because of differences in the real,
paysical benefits which thev expect to receive from water
polluticn abatement. This conclusion, however, must be treated
with scme caution. In particular, user-day estimates raflect
cnly recreational demand for river gualityv improvements. Aes-
thetic demand and option demand are not captured in the user-
day approach. Willingness—-to-pay estimates capture all bene-
fits of river qguality improvements. Since both aesthetic de-
mand and option demand tend to be luxury gcods, income elas-
ticity figures based on the user-day apprcach will invariabkly
be less than elasticities derived from a willingness-to-pay
survey. In summary, the differential betwesn user-day and
willingness-to-pay income elasticities is attributable both

tc the diminishing marginal utility of money and to the dif-
ferences in benefit definitions implicit in the two approaches.

The user~day epproach to beneiit estimaticn, while more

spondents to make estimnates of their future behavior; thus,
estimation problems still exist which might confound the re-
sults. An alternacive approach is to infer wiliingness to

pay, or demand for clean water, from data ccllected on the dis-

tance people currently travel to recreate. This revealed pref-

erence oriented technique is a variant of the Hotelling-Clawson



travel cost method described in Section 5,2.1, Clearly, the
use of miles c¢currently travelled as a proxy for demani for
river quality is imperfect. In particular, it provides only

a lowcr bound for recreational benefits which might accrue to

basin residents from a clean-up of the Merrimack. udevarthe-
iess, since estimates of miles travelled recuire little
"guess-work"” on the part of respondents, it is prcbably somz-
what more reliable than either the willingness-to-pay or the
user-day estimate,

In Table 5,7, I present a creocss tabulation of income and

miles currently travelled by respondents to recreaticnal facil-

p-

ties. Thz median distance Merrimack Basin residents currently

[

travel to recreate is 10.3 miles. Once again, if we make

+l]

primitive comparison of the willingness-to-pay estimates given
earlier and distance travelled, it appears that Basin residents
value 2 mile of distance saved at about §$1.17. The data re-
veals a positive relationship between income and miles tra-
velled for recreaticn. Thus, 69 percent of the respondents -
with family incomes lass than 35,000 currently travel less

than 5 miles for recreation--most do not recreate at all or

are less sensitive to river quality in their chcice of recre-
ational facilities; only 34 percent of thcse interviewed with
incomes c¢reater than $15,000 travelled less than 5 miles for

recreation, The positive relationship between irncome and

oy

¥,

miles travelled is significant at the .05 lievel, The elasticity

ol J



Miles Travelled to

TARLE 5.7

Cross Tabulation of Miles Travellad and Income

Pecreate
6-5

Income miles 610 11-25 25-49 50--59 100+ TOTAL
Less than 3,000 10 0 0 0 c 0 10

3,000 - 4,999 8 1 5 1 0 1 14

5,660 - 9,999 15 6 13 8 5 3 =0
10,000 - 14,999 28 < 16 11 5 o 56
15,000 - 19,999 I 2 7 8 4 2 34
20,000 - 24,999 4 1 1 1 2 3 12
25,000 + 5 2 2 0 3 ) 12
TOTLL 8 18 44 29 19 9 200
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TABLE 5.8

Cross Tabulation of Education and Willingness to Pay

Willingness to Pay

j‘—-

~3E T

Education £0-5 6-10 11~25 26=-49 50~99 106-199 200+ TOTAL
fesE Ahey RGN CeHOLT 18 3 5 0 7 1 1 3
High School 31 10 13 3 6 11 F 51
Some College By 5 9 0 8 5 & 14
Four Years College o 3 7 1 ] e i 28
Masters 2 . 1] 3 1 A ] 7
Ph.9., 3 0 9 0 2 i i 4
TOTAL 72 23 35 5 25 &7 &3 AR
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TARLE S5.%

Cross Tabulation cf Tiome Ownership and Willingness to fay

Willingness to Pay

TCTAL

Home Ownership $0-5 6-10 11-25% 26-43 50-29 100-1G0 200+

Owners ' I' 58 13 29 3 20 21 10 164
Renters 14 10 6 2 5 6 3 45
’fDTAL . 72 23 35 5 25 v 13 200



only 22 percent of thoze individuals with & cco
or more indicated this low willingness to pay.
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The astimated eguation is beliow:

La W= ,0012522 Y + 8.876% S + .0278 E + 106,623 P
{.00101) (15.02) 13125} (4.1013)
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n

= HPk, 1 for male, (0 for ismale
educaition

number of people in the Family, in tha
miles currently travelled to recrsata

M o=
H = home ownerchip, 1 for rencer, O for ouwner

Standard errors are given in parentheses.

The regression results reported hers should be interpre-
ted with considerable care since the analysis was peirformel
on coded wvariablss., Nevertheless, all of the variablies in the
estirated aquaticon were of the right sign. & calculaticon of
beta weights for the coefficients indicates that the nmeost iw-
portant determinants of willingness tc pay for improved river
gquality are family size anrd hcme ownership. Income and the

distance currently travelled for recreation are also important.

L

The income elasticity derived from the regressicn coefficients

above is .70, which is somewhét lcwer than that estimated from
the cross tabulationz. The co2fficiente of sex and education
arz both insignificant; undcubtedly the hicgh collinezrity of
educaticn and inccme is partially responsiikle for the weakness
»£ tke aducaticn variable. On thie cther hand, to tlie extent
that lower inccmes reporited by the survey population understatza
true incomes, due to the presesince of students and the aged in

the sample, regressivity will be underestimated
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rates provided by this survey reguire
some adjustment, In particular, in Secticn 5,1, I discussed
the zroklems imposed by endogeneity of tastes for interpreting
ex ante willingness-to-pay figures. I suggested there that,
largely becauss of learning-by-doing effects, residents of
arzas with relatively good water guality would value water pol

lution abatement efforts more than residents of arezs in wh

-
4

s
e

e

3
+

the river has historically been badly poliutea. Data collecte
in this survey provide some support for this hypothesis. In
particular, the North Branch of the Nashua River, a tributary
of the Merrimack, has been badly polluted for some time. If
we compare the median willincness to pay for river clean-up
of residents of towns in the historically cleaner north Meiri-
mack region, we find significant differences in respondents’
willingness o pay. In particular, the median willingnzss to
payv of residents in towns on the Nashua is $8.75; for reszidents
on the north section of the Merrimack, median willingness to

pay is $13.73. This higher willingness to pay for water qual-

ity improvements by residents of the north Merrimack region

e

ot

= .
that this

ct

is particularly striking wnen we consider the fac

1]

area at present reguires less water pollution akatement; it is

' fu
et

already clearer than the Nashua.

| Thus, the aggregate benefit estimate of $12.14 per year
per basin resident in all likelihood underestimates the
"true" be e;l ts of water polluticn abatement programs. More-

over, if, as might ce supposed, the learning-by-cdoing

=140~
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ffects low income people more than high incomre

individuals, the ew ante willingness—to-pay estimates de-
r X

scribsd hers may well overstcate the regressivity of water pol-
luticn abatement programs.

references for Wate
n tne Political ero;;as

r Pelluticn Abaterment Reflectad
5

In Chapter 3 of this study, a number of decerminants cf
intermunicipality variance in water polluticn abatement ex-
penditures were identified. To what externt are these inter-
municipality expenditure determinants consistent with the
individual demand deterninants derived in this chapter? 1In
short, to what extent are community preferences accurately
reflected in the political procass?

Income and proximity to the river were important vari-
ables in determining both individual demand for and town ex-
penditures on river quality improvements. In both anaivses,
income elasticities exceeded cne; thus, both on an individual

basis and in the town decision, water pollution abatement ap-

pears as a luxury cced.

Property cwnership fared less well. In particsular, in
the political model, the percentage of town residents who
were homeowners was inversely related to the level of expendi-
tures chosen by towns on water pecllution abatement. Thus,
town decision makers seem to believe that owning a home de-
creases demand for water polluticen abatement; in shore, the

tax effects dominate. The benefit survey, however, suggests


http:intermunicipal.:i.ty

that bomecwners have a higher demand for riwer guality than

do renters, despite the fact that they recoegnize that they
will be incurring a nigher percentage of thke ccsts of that

guality improvement. In short, in this area, the political

mechanism do=2s not seem to be accurately raflacting community

preferences.

3.4 The ¥et Tncidence ©f Water Polluticn Abatement Efforts
on the dMerrima

The willingness-to-pay survey conducted in the Merrimack
River Basin strongly sugcests that the benafits of water poi-

lution abatement efforts are progressive; that is, benefits

{1

increase more than preporticonately with income. HMoreover,
the costs analysis of Chaptexr 4 suggestc that the cost cf
these programs 1s regressive; cost burdsns iIncrease less than
propcrticnately with income. Thus, it is clear that the net
benefits of water pollution abatement programs must also ke
regressive, Is is possible to quantify this regressivity
more precisely?

In Chapter 4, three estimates of the distribution of
the local cests of water polluticn zbatement on the Merrimack

were outlined: one assuming full property tax financing and

two mere hybrid estimates which assumed varving combiunations

ﬁ'

ure substitutiorn and property taw firancing. In

-~

of oxpend:
deriving net ircidence, the more ccnservative of the two
hybrid cost distributions was compared with the bensfit dis-

tribuzion derived from the willingness—-to-pay survey. Table
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cnzarison and provides an esti-

mzte of the incidence of arnual net benedits f£rom water cual-

Annuzal YNzt Senefits of Water Pollution

income Level Net Benefits

Less than $3.000 & 9
3,000 - 4,593 .03

5,00 - 9

w2
o
s

3.03

10,000 - 14,959 6.87
15,000 ~ 19,59¢ 14.50

2€,000 + 1123

The 4data suggests that all income groups benefit, on

2y polluticn abatement. However, throughout Lhe
bulk ¢f the incore range, net benefits are sharply progres-
ezult sugyests that some policy changes in thea
areas of financing and implementing the new federal water

quality dirzctive might well bhe appropriate,



&, ' Conclusions

This study focused on two principle issuess £irst, how
are the level and financing of lccal water polluticn abate-

ment expenditures determined? ESecondly, what are the effect

5]

of these expenditure decision

o

on the level and distrikution
of real incom2? Both questions were addressed by using em-
pirical evidence from the Merrimack River Basin,

Despite fairly stringent federal legislation, the evi-
dence suggests that local governments retain substantial dis-
cretion in choosing polluticn abatement expenditure levels.
Data further indicate that towns exercise this discretion
largely in response to community preferences for clean water;
thus, slightly wmore than 35 percent of the intermunicipality

A

|

variance in water polluticn abatement expenditures is ex

o

s
avle by community preference variables. Town median incore,
proximity to the river, and home ownership are the most sig-
nificant of these preference surrocates.

Variaticn in cormunity preferences feor river guality -
improvament, however; is not the whole stery. The evidence
generated by this study strongly suggests that the levels of
pclitical competition in an area have a signifiéant effect
on water polintion abatement expenditure levels. In particu-
lar, strony political competiticn seems to have a depressing

effect on expenditure levels, as well as on the propensity

of towns *o finance expenditures through increased taxaticn



rather thar through expenditure substitutions, This result
is consistent with an organizmic model of the state, in which
local government decisicon-makers behave as growth-maximizers,
subject to a voting constraint. At a minimum, the evidence
generated by this research suggests the need for further

work based on the organismic state mcdel.

The net benefits of water pollution abatement expendi-
tures appear to be progressive: that is, benefits increase
more than proportionately with income, and costs increase
less than proportionately with income. Quantifying the net
incidence of the water program requires making 2 number of
rather tenucus assumptions; however, the fact of progressiv-
ity of net benefits persists under a wide range of alterna-
tive specifications of cost and kenefit distributions; only
the extent cf that progressivity varies.

Currant water polluticn abatement programs, then, appear
to run ccunter to federal stated objectives of equalizing the
income distributicn. Yet, when viewed as a package, these -
programs appear to be efficient: that is, benefits excead
costs. Thus, abandoning water pclluticn abatement apvpears to
be an inappropriate response.l Given the need for scme

water quality improvements, what program meodifications might

1 . . . - :
Abandoning these programs is also, not incidentally,

likely to.Pbe politically unfeasible,

“J 5=



be most appfopriate as a way to remedy maldistributional
sicde effects?

First, the larger the federal shars ¢f pcllution abate-
ment expenditures, the mcre progressive will be the costs of
these programs. Thus, one solution might ke tc shift costs
to the federal level, where taxation tends to e most pro-
gressive. This study suggests, however, that an alternative,
less radical solution is available. In particular, cost in-
cidence is guite sensitive to the mode of financing used by

local governments. Thus, local governments might themselves

remedy the maldistributicnal impacts of water pollution abate-
ment by shifting away from property taxaticn and tcwazrd a
form of either recreational user charges or expenditure sub-

stitution.
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