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Si."NO?SIS 

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

analysis of the determinants of lo~al gcverP~11ent e~~p2ntlitures 

on water pollution abaterr.er.t facilities; P~rt Il i5 an i~-

vestigation of the incidence of costs and benef1ts c f public 

enviror.mental progra.>r.!3. Thus, I ccn::;ide ::- issues in th.2 ~=e.,..s 

of social choice cmd incom~ distribution within the cor.te:d: 

of environmental economics. Rmpir ical data from the Mer.r i ·­

mack River B::lsin formed the l:.asis of this work. 

I n Part I of this thesis, I a.'11 concerned witn iJen-::.ify ­

ing the types of cues which local governments respond to in 

setting levels of water pol lution abatemer-t expenditures: 

are these cues strictl y L~posed from ~he f e deral lev~l, or 

do l ocalities in fact have sufficient flexibility to respond 

to c orr..munity preferences? I!• pursu~ncc of an answer to this 

question , I an;;ilyze several alt ernative nc·~sls of qover P-"'.le!).t 

decision-making a nd trace through the irn?l icat 5_o.r.s 0£ thes~ 

altern::i:tive med.els :::or the levels of wate!:' polluticn abat·2­

mer.t s elected. 

Two ge!leral models cf go•:e~n~':'!n~ "lee isi0ns \·1ere a!1a:. y ':!.ed : 

the adding ~achine state a n d th~ o=gan ismic s t ate . The view 

that the state may be trea t:e:d as a simple ac.di;:g -r.\ac:>i~e 

has a lcrig history. '!'he metaphor is perhaps bes~ as.soci::!.ted 

Buchanar1 1 

1 3uc!1an2.n end I'ullock:, 2 and Dow.els. 
3 In t h is 

, 
.... J:iit~es 3t.:.cha :12_~ , "'rhe Pur e Theory of Government Finance: 

A Suggested .J\r.:;irca.c;1", ,J«:nn:n:il of Politicc_2. I::conc:ny_, Vol . 
'D"" .... e:...,r:· er ., 0 ,1 c::, ~ C""' -~1·0 o,.. - i.:, Oc.LVII, No. 6 \ •·'-· "" J t _., _, • - I I - !;:' • -. - - - • 
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parc.digm, governniE:n-c. structure is o. function strictly of 

ccr.a:'.i.lnit:y chciract~risti-:::s; thus, l:he <:;.n.:ilysis concer..trates 

on prfi:dict:ir:g preferE:nces entirsly en the ba.sis of the latter. 

If we a.bstract from problens of uncertainty, this nodc:l pre­

diets tha t expenditures 0n public goods pe~£e:ctli' mir:co:c 

comm.unit:r pr-2f0r~r~ces. v:i t:-iin the coP..stra.ints of this T:lod el, 

two sub-models, two rules of ag"gregut ing p.references! may be 

devised. In the traditional theory, typically, a one mun/ 

one vate voting paradigm has been assumed. Mere recently, 

some attention has been devotsd to an interest grcup voting 

model ; here, homogeneous aggregates of voters are clustered 

about specific issues . This latter model sugge~ts that in­

tensity of p~eferences , · insofar as this is revealed is m~m-

bership in an interest group, is counted in the decision 

precess . In the trad itional one man/one vote model, inte~s-

ity of preferences is largely ignored . 

~.s an alternative to the adding machine state, ::::ome re­

searchers have posi~ed an organismic state . Accordir:.g to thi s 

!'l'.odel, polit.:.cians themselve s h ave pref'=rences whi•.::h 2.re not 

s.;r,rply C.erhrative from voters' pr e f erenGes . Inst2ad , govern­

ment decisions depend upon ao~e ci~ffi af voters' pre f e r e nces, 
Ii 

i .•i. ..., 
i ~Buchan~n and Tullock, The C~ lc~lus of Conse nt <An:i ~bor, 

Univer si ty 0.: !'lie :-... igan Press, 19-62) . 

3An ... }· C'I~ -., D"• n ·s " n ·~-~o~c::-:: ic· Tho:or'; of;. ,,_, 1'-. a... . "-' "·,., ... .... .. 1 ~1_______ ----- De.~ocrac'J 
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Y6rk, Harper~ , 1957). 
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coupled wit~;:· the indc::pc:ndent p~e.f~re:r4~es cf the poli.tical 

actor. Here, state performance can be pr~dicte.d only by 

considering the st.ructr1re of locci.l government in addition to 

commur!ity preferences. 

Estirr,a.tes of the relative i.rt\9~rt.ancE: cf c crr•.mu:i:!it~l }?rcfe::­

e!lce~ versus technical constraint$ ir. C.2te=rnir.ir.g local 

sewage trea t.rr,G~1.t plant exp.enditures were made under ths four 

alter.native specifications of gcverr..'1'.ent decisi~r~-making. 

Iu addition to estimating the importance o:f local pr2ferc:nces 

in the enviroruaental area, ! considered two side issues: 

(1) Are politicians sensitive to interest gr~ups and, 
in particular, to pr0perty owners in settir:.g water pollution 
abatement expenditures? 

(2) Do the independent preferences of decision-makers 
mitigate the influence which local preferences exercise in 
determin~ng expenditure levels? 

The emp.:!.rica.l work in this thesis suggested t!'lat. 

slight: ly more than 35 percent of intenr.unicipality variance 

in water pollution abatement expenditures can be explained by 

community preferences. Town income levelsv proximity to the 

river, and the distribution of j;)roperty owr1ership ware: par­

ticularly significant. Thus, despite relativ~ly stringent 

federal regu lations and standards, inC:ividual to"tms retain 

significant flexibility in determining their E:ewage tr12atinent 

plant expenditures. The Empirical work in this thesis pro­

• · ~ ~ ~ · -~n: ·mal su~-or~ for ~h~ i'n· ... ~~~ q·~oup ~0~ -·1te- 0 ... of\Tl.GECi. •..;Il.LY 1 ..... -"J. .t:'i:' ..,.._ •-"" --- _... '" ­

goverr~ent. 
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of political ccmpetition affect the e:ctt:nt. t.:-:i which cornmunitv 

preferences are reflected in the decision process. In par­

ticular, the evicence suggest3 that low levels of political 

competition, i£ measured as plurality in electio1-.s, res~li: 

in high levels of Welter poll'.lt5.on abate..11.ent .;xpend itures. 

Somewhc.t less reliable evidence suggests, furt ;1ermore, that 

low levels of political competition encourage towns to fine.nee 

these expenditures th.rough increases in property taxation, 

rather than through selective reducticns in other e}:pen'.ii t.t:re 

categories. 

Part II of this thesis is an empirical investigation of 

the incidence of the costs ar.d benefits of water pollution 

abatement; the .Merrimack River Basin is used as a case stu.C.y. 

Previous studieG in the field. of snv i:-omnental eccn.orr,ics 

have assUi-:.cd that such expenditures a?:"e finance d exclusi~.rely 

through property tax increases; in this study, I at-+.:empt to 

determine the: source of pollution abatement funds mere care­

fully. Ir. particular , local governrr.ents have two basis 

r.,ethcds of raising funds for new expenditi..1res: they can in­

crease the property tax, er they can reduce othar expe~di-

tures. In determicing the new reve~ue source, I com~are the 

with-polluticn expendit'...lre tow11 budget with a hypoth.ecical 

budget constructGd ·assuming no pollution abatement occurred . 

In this st~dy , this hypothetical budget is constructed by 

ix ­
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extrapolcn:ir{g historical. t=.x and e.:.;:p1:~1:diture levels of study 

tcwns ac~ordi~g tc c~rtcdn asst;.roed budget grv..,,th ratc3. 

P~rther analysis id.s:r:~ifie._: areas in which expenditure sub­

stitution is likely to occur. 

'1'.he co::;i:. analysis suggested t.ha.t almost }-.alf cf the 

new exper..~it:Jr.es f(".·r watF-r pollution abatemer.t were financed 

through expenditu:!:'e substitution. Expend.itures in the areas 

of public s2,fety and parks and :recreation we!:"e particularly 

susceptible to cut-backs. 

On the basis of this analysis, the cost incidence of 

water pollution abatement was evaluated. The evidence Si!g­

gests, first, that costs are regressive: that i.s, income .in­

creases faster than costs; and. second, that these: incidence 

estimate~ are very sensitive to the choice between property 

taxation anc expenditure substitution. 

In oreer to det~rmine the incidence of benefits of water 

pollution abatement, a telephone survey .was conducted. Two 

hundred. people livipg in the Merrimack Rive:: Basin were in­

tervicwed for recreational use pat~erns and willingness to 
. . 

pay for river quality improv~-nents. An analysis o.t the data 

indicated that tt·,e l:Jenefits of river quillity irr.prover:H~i1ts i~-·-·'" 

crease more thar;, .:;;roporticna tely with ir:come, accrue rnoro.::: tc 

honec·,.;ners than to renters, and increase '.·tith the educationa1 

level of the respondent. 

x 



Taken i11 f\.~ll, .•the 8Upirical cvi~e.i1c~ of this tj.-,e~is 

suggests, first, that the net benefits of :.:iver quality m­

prove·m;:nts ir:.cr.ease as inco:.ne i!lcr<:::asez; and, se::=ond, that 

these maldis~ributional effects rnay be significantly modi­

f ied b:x· changes in local goverr..T.en.t fina:r~:;ing 1;1.~cban isr.:s. 

xi 

http:inco:.ne


}.. Tntr"cd'..lction 

In the fie!.d of envi.1.:onment.al E:(::C.no;:rdcs, it is possi~le 

to distinguisl1 four major pro:>lem areas which have received 

attentio~~. .Fir st, substantial research ha.s been done using 

environ.."!1.ent".:3..l d.eg:!:':>.da::i<:m as an ex2.mple ci: the more gene::=c.l 

problem posed by externalities for the ach ievement of Pareto 

cptima.lity by competitive market. mechanisr.:.i.s. Perhaps the 

greates t ef::o::-ts :i.n the enviror.rnental area have been concer.­

trated on a second probl8m: quantifying the net benefits of 

public environ.~cr!tal programs. Research ::l..nterest in the gov­

ern.i.~ent has been particularly devoted to this strict effi­

ciency measurement. 

This study concentrates on t·wo environmental problems 

which have received so:mewhat less attention. First, how are 

decisions a~out optimal levels cf enviroru.~ental quality made? 

Since the en•:ironment is appropriately viewed as a public 

good, the output deci~ion clearly introduces issuea in the 

areas of social ch0ice and the nature of political decision 

processes. Thi::= st\:i fl.y f.urthe!'." considers t2:~ :'..nci.d~nce cf 

costs and benefit£ of pub!ic environmental programs; current 

public concern with distributional issues suggests traditional 

• ,t,;:&• • J-aggregative cost-benefit analysis is l.!1SUJ• .,_ l.C :.en 1.-. T!'rns, 

this stv.dy is pr ir:-:ar ily a.n empirical inves tiga ti.on of prob­

lems of social choice and eqi..!ity posed by enviror.mental qual­

ity decision.!J. 

http:envi.1.:onment.al


1.1 The Prcblern 

An extern::3.lity ~=-: :1st.s w~"!enE"'iTer the pro(~::..·. :: ':.' .)!"\ d·2cis .~cns 

of one econcrd.c agent ente::- dir~ct:ly into 'the ,?roductic-n , 
function of a.not.her.~ Under the se c::onc1itiens, the Pa~ct') op­

ti.mality of .2. cnmpetitive equiJ.ibrin:.1 is no 1.ongc::- ~i.:a;.,-3n-

"' teed;" it is in this s c~nse thn~ externaliti.es b~ccrne a problem 

both for economists and for policy naker-s. 

Water pollution is a prime example of an externalit:y! 

f irm.s and municipalities in the process of 2roducin9 sorn.1: 

good or service also generate a secondary p~o~uct- -water p~l-

lution. This pollution in turn affects otI-...er firms, munici­

palities, and, finally, consumers. Giver. the e?.ist~r.ce of 

transactions costs, uncertainty, and inequalities in bargain­

ing power, all of which prevent the market .mechanisr'.1 from 

fully internalizing the social costs of water polluticn, the 

govern.~er.t has increasi~gly begun to inte=~ene and attellipt 

to directly alter the national l eve l of water pollution. 

, 
~A great deal of literature exists on defining external­

ities, includ:i.ng Paul Samuelson 1 FoPnda tioi.'.s 0£ Econcm:..c 
~lalysis (Ca~Jridge, Harvard University P~~ss , L~~7) , pp . 203­
256; .Ju..~1G3 .::.uchanan 2:.nd ~·;illifu'T, Craig Stul:>~.:- le0ine , 11 Ex t.srnal ­
i ty11, E·.: o71c::~ica . Vcl. XXI~~ , No. 116 ('..'Joverrl.-:>er, 1962) , p;;, . 371 ­
3 0" · 'l:'-·-:,..--"7.·; ,,, ·nan " ""·"' i: lec"-i -~r's C" P~cerT- :>evc•lopn·e""ts o~ tn' eV~/ J.J• U• .,..;.,~.,) 4, .::.'\.-- ---·. .O.L - "~ ... .i.~ ._.,.; ~ _ ti. .. LJ 

Concept o f Exte~nal Effee ts ", Can:~:::io.n Jou-.::-nal, Vol. :X:XXI ~ 
No. 1 (Febr:ury , 1965), pp . 1-34 .­

2 ' "P ., . . 1 - E . 1 · o;:-Kennetn Arrow , 0.1.:..tica and conorn.:..c 't:' ....:.va ._u.a i:.l.0!1 


Social ~ife~ts ~nd Exter~alitias'', in_Marg~lis, ~~e Ana lvsls 

of Public: 0:.;t~ut mew York I Ne::. tior;al B;.ireau. of E;cc.nomic lz~· 

seard1, 1970'),pp. 1-2 3 . 


"" -~-
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.• 

The usual stated objec·tive of public projects i:n general 

and of water pollution ?rejects in particular is to increase 

social ~elfare, where social welfare is de~ined as some 

function of the utilities of individuals in that society. 3 

r 
I 

r 
I 

In practice, the typ~ and extent of government action is dc­
.1

cic1ed prirr.arily on the basis of efficiency~: 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 3trict cost-ber.efit analysis is in 

conflict with the purported socia.l welfare goal. 

In partic~lar, from a social welfare perspective, there 

are really tvm problems with an exclusive reliance on cost- · 

benefit based project evaluation. In the first place, in 

many instances, the analysis considers ~nly the agg~egate 

costs and benefits of pollution control. A mapping is ti1e~ 

made, at least implicitly, between the net income generated 

and the overall utility of the project. The issue of who 

benefits and 'iho pays is not considered. On the other hRnd, 

both aggregate levels of income and t~e distribution of in­

come ente!."' i n to the usual fcr;r,ulation of tl'1e so.::ial welfare 

3 Kenneth .~r~row, Social Choice and Individual Values 
(New Haven, Yale Uni·versi t:,,' Pr e ss , 19 51) • 

4J. T . Bonnen, "The .~bsenc::e of Knowledge of Dis~ribu­
tional I~p;;i. cts: An Obs ·tac:!.e t o Ef fecti .ve Poli c y J\_11:=.ly:;:!.s 
and Decisii:.ms ", in nav'=?m?.r. & ~t arg olis , Public :Sx~eil~i -cur:::s 
a~d Poli_SL_ Analvsis (Chic age , Markham Fub.i.2..s h:!.~g , ~ 9 70) , 
pp. 246-2·; ~ . 
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function. - Im(:'l.gine, fo~· eY.a!itple, that i:.he!:e ere two grot;.ps 

in a society, o~e of which pays $10 for pollu~ion control and 

receives no benefits, and the other which pa~e nothing fer 

a!:>ate::r.7:nt. an~ receives $2.D in ber..efits. Naive c:::ist-o:=nefit 

analysis, consideri1v; O!lly $10 versus $20 wouJd reco::"!'..:n~nd 

adoption of the program. This program, however, would (l~ not 

be Pareto-approved, and (2) mignt not be afproved from a so­

cial welfare perspective~ 

There is, however, a more subtle probiem ·with the ap­

plication of cost-beuefit an~lysis. Suppose the ~os~s and 

benefits for tbe two groups were calculated separ<itely , and 

we found th.at for both groups the benefits o= the program 

in question exceeded its costs. Adoption of t~e program, 

then, in contrast to the example given a~ove , wc'..!ld be Pareto-

approved. However, if the co:ru~unity has a co!ilfl'lit.ment to an 

equa l distribution of real income, and the proposed project 

differentially benefits the ri.:::r..cr of the two groups, it 

still might ~e an inferior move fro~ tte perspective oE maxi­

mizing social welfare . 

In short , if water po llu~J.on abatement ?:ro9ra1ns are to 

be consist8nt with the policy goal of i~creasing soc~al wel ­

fara, distrfb-..;tional as ·..;el: .::.s Clggregati•."2 ef::ccts of 2::::-c<;:.- 2.~l 

levels must be consider8d. 

5Rober t navema!1; !va cer Rt:SO\!:r ce Inves t2ent a:~d the :: :..i;) -· 

lie; In~~:.;:::_~!_ ('l'en;1essee:;-196ST;cr.a-pter 6. 


-4­
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•' 

~his st•.:;.dy attempts to determine the ext_ent to whi-:h, 

in tl1e cont~:-::t o:f the discussion 3.bove, current water pollu·· 

tion abatem0n t p:.:ograr;1s in fact act to incTease net sccial 

welfa:i:-e. The study itself is divided intc two parts. 

In Part 1, Chapters 2 and 3, I consider the dete rminants 

of local go-ver~ment expenditures on water pollution ab~te­

ment facilities. In particular, I am concerneci with identify·­

ing the types of c ues which local governme:i.i:s respond to in 

setting levels of water pollution abatement expenditures: 

are these cue s strictly imposed from above--viz. from the 

federal level--or do local governments in fact respond to 

local praferences? In pursuance of sorae answer to this 

q~estion, I analyze several alternative models of local de­

cision. mdkir.g, and trace through the implications of these 

alternative .P.lOdels for water pollution abater::e nt expenditure s. 

Some econometric evidence on the relative viab ility of each 

of the models i s presented. The treat."nent of alternative 

rncdels· of go vernment is very rr.nch .:n the traditiv~ of co~­

v.antional I ndl:.st.rial Organization, in the sense tha.t local 

govern.rr.E:~r:ts a.re ass1.1mec to b e ~esm..&rce-allocati.n(; o;:- sra n iza­

t ions ~ith S?Q=i~ied objective funccions and ccns ~rai~t8; 

the attempt :.3 rn1(;.~· to use th2se objective functior.s ;:i_r..d 

constraints to predict expected output of public goc~s a~d 

services. 

l . 
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In Part 2 of: this study,. th~ ef::ec~3 of th~3e local 

government expenditures 01~ thi:: diEtr.ibution cf incom:=: in the 

study ilrea :i.s consid~red. In part.:.cuJ.:ir, r consider the 

distributicri of the costs of government expenditures c..n ~..-i:lttr~r 

poll!<tion aha.terr.ent among ir;.ccme groups re .!_ ~tive: ~o the dis­

tributi.o:n of benef5_ts. 'l'he empirical w0rk which under lies 

this ana.l :ysis was conducted in the Me::i:rirna.ck River Ba.sin; a 

description of the study area follows in Section 1.2. 

1.2 Descr~E=ion of the Study Area 

The Merrimack River Basis has its heacwaters in the 

White Nountains in New Hampshire. The major stem is for::-ne8 

by the confluence of the Per...nigewasset and Wi.rmepesauk':::e 

Rivers at Franklin, New Hampshire. From Frankli~, t:1e ?.i?er 

runs eouth for 78 miles to t.'1e Massachusetts border , where 

it turns abruptly ea.st for about 45 miles, .err:ptyin9 in-t:c t!'le 

Atlantic Ocean at Newburyport, Massachusetts. One of the 

main branches of the river system is the Nashua Ri·Jcr / \..-l1ich 

originat3s in Central Massac:'"lusetts , flows into New Eanpshire, 

and tributary tc the Merrimack at Nashua, ~ew Hampshire. A 

map of the Basin f..::i llrnvs in Figure 1.1. 

The q ··.ia.lity of the water in the main steiii ~~errirna.ck is 

affiong the worst - in the coun~ry. In 1972, the river 14as 

classifisd as the third most polltlted wa.te.::way in the nation, 

trai ling only the Cayahoga ~n Ohio , and th a Houston Ship 

Cana l in Te:<21s . The Merrimack is i~undated with bot h 
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i:-.dustrial ~.nd muni~ipal untreated. wastm-1aters. The !Tl3.jOt' 

industrit:s in the basin are neavy BOD pol1.u ters and include 

leather tanning, paper, textiles, and neat packing. Exoti<.: 

w=.ter quality contaminents enter the River from th.: t .'3.r.nerics, f 
!' 
I 

plastic industries, and metal plating works. The wastes from 

much of the industry in the basin are currently not raceiv.ing 

any tre.:i.tment. 

Municipal wastes are responsible for a large portion of 

th.e poor water quality in the basin. The sewered population 

of the basin approached 700,000 in 1970. (A list of the 

towns and citias in the study area is provi.ded in ?abla 1.1; 

median incorr.e leve ls are t;roviC.ed to illustrate t!':.E) h'2t2ro­

geneity of the area towns.) In 1964, treat~ent reduced the 

bacteria, zuspended solids, and BCD loading b~/ less than 

20 percent. Over 90 percent of the municipal wastes enter 

the water un"!:rcated, and the maj o:c urban centers ir. th.: 3.rea. 

have O::l.ly recently begun to improve v?ast.ewater treat..rri.en"t.. 

The lack of treatment facilities is co~?ounded ~y the pre­

•.ralence of cor~lbin~d :ewers in t!:e basir:. 

Rec8nt su::-veys confi::::-n the lcw v;ate:>: quality 0f the 

basin. The full classification of t~e basin, recc~tly done 

by ths Arr.;y Corp$ / i:; give n in Table 1. 2. Hany r~c.ches of 

the river ~aintain no dissolved oxygen; no fish can live in 

the water, and the resultant anaerobic decomposition of or­

ganic m~ tc~ials prod uces ~oxious odo~s. Fec~l colif orm counts 
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Me--~i ::t!".' 

TOWN 

Alton 
Anaover 
Bed.iorci 
Belmont 
Billerica 
Bos cav11~n 
Bow 
Chelmsford 
Clare:mon :: 
Conco:!"d 
Dracut 
Fitchburg 
Franklin 
Gilford 
Gof fstow:i 
Gorha.r:, 
Groveland 
Haverhill 
Henniker 
Hillsboro 
Hinsda le 
Hooksett 
Hopkinton 
Hudson 
Jaffrey 

.. TP~LE 1.1 

:t1~coir!e of Tovms in 

H~COME 

$ 7233 
12730 
11677 

7000 
10928 

6569 
7500 

13092 
8778 
7589 

10282 
7676 
7523 

10720 
662'5 
8512 

11052 
7631 
7500 
7242 
9317 
8683 

10002 
10596 

9670 

the Herrimuck 

'l'OWN 

Laconia 

Lancaster 

Lawre~ce 

Leominster 
.Lowell 
Lunenberg 
Manchester 
~1ered i. th 
Her::-imack 
}rlethuen 
Milford 
Nashua 
New Lendon 
North ~\ndover 
Northficld 
Pembroke 
Peterborough 
Pittsfield 
Plymouth 
Sanbornton 
Tewksbury 
Tilton 
Warner 
Westminster 
Wolfeboro 

INCOME 

<:..,, 7696 
7967 
7367 
8985 
7376 

10316 
7500 
8022 

11384 
9739 
99-17 
9302 

Lrnoo 
10~49 

6800 
8923 

10719 
9707 
4470 
8000 

11250 
6843 
7000 

10250 
8791 

.'; 
:1

".. 
1

I 
l 

" 

:r:• 
I 

1:. 
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RIVER ME..E 
F.r om:_r-IO--­- ·­

0-11.80 

11.80-21.85 

21.85-28.99 

28.99-33.03 

33.03-40.60 

4C.60-47.35 

47.35-49.82 

49.82-54.80 

54.80-68.05 

68.05-/3.14 

73.14 

TABLE 1.2 


Presei: t Condit.ion of the 1'!err~r11a.::k. 

River 5asin Area•' 

RIVER BEACH 
From 

Atla.ntic Ocean 

F.oc1'.s Village Bridge 
Haverhill, Mass. 

Cr~ek Brook 
Have1:hill, Mass. 

Essex Co. Dam 
La«·rrence, .Mass. 

Fish Brook 
Andover, i-1ass. 

Pawtucket Dam 
Lowell, Hass 

Tyngsborough Bridge 
Tyngsboroug~, Mass. 

New 	 Hampshire/Llass. 
State Lin1: 

Merri~ack River 
~ 	 .t={Above con..... o~ 

Nashua River) 

Goffs Falls 
Manchester, N. H. 

A.'noskeag Dam 
Manchester, N. H. 

To 

Rocks Vil lase Bridge 
Haverhill, Mass. 

Creek Brook 
Haverhill, :"·1ass. 

Essex County Dam 
Lawrenca, l'-1ass. 

Fish Brook 
Andover I r.1aSS, 

Pawtucket Dam 
Lowell, Hass. 

Tyngsborough Bridge 
Tyngsborough , l•!ass. 

New 	Ha..."ilpshire/i•1ass. 
State I..ine 

Merrimack River 
(Abcve conf. of 
Nashua River) 

Goff s Falls 
Manchester, N. H. 

il..rnoskeag ::::>ar.. 
Manchester, N. H~ 

Eastman Fal ls 0a.u 
Fra!!klin, N. H. 
(/1_t conf. with 
Winnipesaukee River) 

PR.~;~ El'?:' 
co"NT5 ri;ii0::r 

D & 	 c 

D 	 - r ,,-

;-,_, 	 u•:O. 

j) & u 


D & tJ 


rD "" u ·t 
D & 	 fj i 

c 

c 

c 
.j

c 
I 

I 

Classification Eav 

A: 	 Potentially acceptable for public water supply after disinfec ­
t.ion. 

B: 	 Sui table f or ,!>athing, other recrea ticnal uses, agricul tw::a.l us•:.:=;t 
industrial processes and cooling; ezcell8nt fish and wildlife .' habitat; gcod aesthetic value ; suitabl~ for public water supply; 

! 	 with a?prcpriate treat~e~t .j
• C: Sui tab.:..e fo:= fish anc wildlife habi tat.; recrE:::a ticnal boati!1g
' and 	i~dust=ial processes and ccoling. 

D & 	 U: S:Ji table £or p·.Jwer, navigati_on, a.nc1 t.'!'."::tnsportacicn of sewag2 
and waste and certain indust:ria l uses. 
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of ten times the standard fc·r body ccntact re;crea~:;.on ha•:e 

been r<=corded. Pape;r fibers line t!·i ;= ~:iver banks, ar.d ir.. 

some places are as thick as cardboarc. Pesticides · are presen~ 

in concentrations of over tJu:ee time~ the s'tanclard f0r treated 

wastewater. In short, the Merrimack River Basin p=nvi~ea a 

real cha llenge to the efficacy of s_'CVer~1Ut?nt progra.rr,s i n 

achieving high 1-:vels of a:rrbient ·w3.".:.er quality. 
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PART I: 


An Analysis of Public Decision-Making 


in the Area of Water Pollution Abatement 




--- ---2. The Det:er!ili:0..a:uts of the Water Polh;.tion Abatement 
..:.:...._E.XP"-""nd-i_•_:-- +-11~L""" -r- Loe·-· I Go~.,""'c:;_r"'""... , .. ;.._.t""'l+-~... - ...... ,. i.;. .. ~ v a ..__ 

There i s a significant amount of variance in intermunici­

pality expe:r.1.ditures on water pollution abatement. :s this 

variance a function of tecnnical variables : as, for example, 

population and quantity of waste discharged ; er is it a re­

fleet.ion of cross-r:nmicipality differences i n com..rn-...~ni ty pref­

erences for clean water? Clearly, the answer to this ques­

tion will affect the way in which the end result3 of new 

water pollution abatement legislation are viewed. In par­

ticular, the enthusiasI'il or disapprobation with which the 

distributional effects of these new progra..ms are viewed d~-

pends to some extent on whether those d.istributionr:..l effects 

constitute a secondary result of the achievement of other 

cor..r..unity prefe.r-ences or whether they result from the iI:":posi­

tion of federal legislation . Perhaps 11.o·ce i;nportantly, to 

the extent that t:'le distrib~tional effects cf n;sw water ,r-ol­
, 

lution abatement programs~ are viewed as adverse, deternining 

the causes ~f differences in expenditure levels will help tc 

ident~fy the most appropriate rne~hanism by whi~h that pollu­

tion abatement level and, hence, distributional effects may 

be changed. 

, 
~Distr::..tiutional effe"..'ts are analyzed i.:i P?.:ct 2 of this 


study . 




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

of variance in l~cal water pol!ution expenditure lev8ls by 

exami!'ling a m.::.,.'P.ber cf alternativE: models o:.:: the way in which 

local governments formulate expenditure decisions. In pur­

ticular, I focus on the extent to which alternative mc<lels 

p::edict t.hc.t. corrmunity preferences will be translated into 

particular water pollution abatement levels . In Chapter 3, 

Sor.le e:::onorr.etric evidence predicated on each of the alterna­

tivc decision ir.odels dc=veloped here is presented; the relu-· 

tive viability of each of the models in ter~s of predicting 

expenditure levels in this area is thus illustrated, and, 

finally, the relative importance o~ each of the technical 

and COI!'JTlU!lity preference variables for the final expenditure 

level is estimated. 
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2.1 The !vlodeJ.s 

Any model of the political decision precess must begin 

by characterizing two basic dimensions of the political or~ 

ganization ur.der analysis: the motivations of the actors 

wit.~in that orga11izati0n and the opj?ortunit.y set which .::on­

strains those actors. In this sense, the analysis of the 

state parallels much of the work done on the theory of ~hs 

firm. In particula=, the state may be viewed as a ~· .ra ...io.-ia.;. 

resource-allocating organization responsible for some speci­

fied set of pricing and output decisions. 

Much of th8 analysis cione or. the t ...l-ieory of the firm 

concen~rat8s o~ identifying and clarifying the r e lntionship 

between indt:stry structure and industry performance. 'I'here 

is a similar attempt in this study to use variables r2f l12.ct­

ing governr,1ent structure to predict state cutput and pricing 

decisions. Two sets of structural characteristics will be 

considere1: government organizational anc institutional vari­

ables, and community characteristics. 

Past work on political organizations has relied upon o~e 

of two metaphors as a description of the state: the addihg 

machine state versus the organismic state. A 3et of rnctiva­

tions and oppor_tunities are il'!lplici t in each of these 't.wo 

models. In ttis chapter, these two basic metaphors of the 

s~ate will be reviewed and extended ; t~e motivations and op­

port-..mity s e t ir.1plicit in cc:.ch cf the mcdel.3 will be defined ; 

-14­



and, finally, the predictions yielded by each of the models 

or. the inp•Jrtant J.eterminar..ts of j nterr.mnicip.:ility variance 

in the level and .financing of wa te:::- pollti.t.i.on a.be: ter::lent pro­

grams will be considered. 

The view that the s'tate may be treated as a simple add-

and Downs • In this paradigm, gover nment structural att~i

ing machine has a lcng history. The: metap.!-icr is perhaps best. 

asscci.~ted. with the work of 
2Buchanan , Buc~:ar..an "' 

and Tullock°' / 

4 
-

butes are a function st.cictly of corn!nunit:;.r char.:J...::teristics; 

thus, the analysis concentrates on predicting pe:cforrnance 

entirely on the basis of the latter. 

In Buchanan's model, the state is i~d£vidualistic; it 

acts strictly a3 "a set of prcceEs~s or machine wl1icfi. d.llC''.vS 

5collective action to take place 11 Buchanan's model cf the• 

state is limited even further: he suggests that the need 

for collective action, and, by extension, b"le need for t!1e 

state, arises only in the case of "public'' or indivisible 

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

2Jaraes Buchanan , "The Pure Theory of Govern:u~:it :::'ina:1c2: 
A Suggested App~oach" , Journal of Political Econo~y, Vol . 
LVII, ~~o. 6 {December, 1949), pp. 496-505. 

3Buchana.!1 ar.d T·.illcck, The Ca lculus o:: Cons·2nt (Ann ArboL", 
University of ~ichigan Press , 1962) . 

4l>.r.thony Downs, An Economic 'rheory of Vemocracy (l'Jew 
York, Earpers , 1957). 

5Buchanan and Tullock, op. cit : , p. 13. 
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itn rnotivation:.3, and in terms of its sphera. 'rhe b~nefi ts 

from the produc~io.n cf one unit of a priva-.te good accrue 

strictly to the purchaser of tha !: gcod; in. this sense, we 

say ti'1at private goods a.re divi_siblf~, or tha~ their benefits 

are dpprupriubL:?. Tha same is not true of a public good. 

The prod1;ction of defense, fer example, ;::.f:!:ects everyonE-::, 

,.. .whether people choose to "purchd.se" defense or nc-t. ~J.nCE: 

benefits accrue wit~out individual purchase of the gooc, 

t..'iere .i s no way for the free marke:t pr icing syst~m to regis­

ter preferences. It is here that Buchanan's state int er­

ver.es, and acts to sum up all the utilities available for 

the production 0f i:.he indivisible good and., thus, determine 

the optimal o~tput of that gocd. 

Downs humanizes Buchanan's theory of the state so:ne"1.1h.at 

by attributing motivations to state acto~s (politicians). 

Downs' politicians choose o~tput and prici~g bundles ir. 

order to maxi:m.ize their vote-getting abilit:y. Moreover, 

the sphere of the state is r.ot lirni te-.~ i:.o the ::.rea of pure 

public gcods. 'i'he attl:'il.nn:.ion of moti~J'a~icns and ut:i_l.ity 

function s to pol5.. ticians, cc:.1pled with the e~:t2nsion o:: the 

arena of governr:-ie!'lt, broa-=:er:s the Buchanan state consil;_E:;:-a0ly . 

Iioweve.c, ina~;ri'.1..;ch as 0ow.ns 1 votes a~e 

voter ut.ili ty .functions, i:i t...'1e f ina;. anaJ.:,·sis his state too 

operates tc i'".axim.ize voter. utility. Qnce again, performn.nce 

in te!:"ms of 0 1 ltp·.! t and pricing of. public g c ods is de termined, 
-

albeit rr~ore indire ct.i.y, by co1P.munity attrivute s . 
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The addi:."1g machine moC.el is implici i: as well in much of 

the more basi.c theoretical work done on so-cial welfare func ­

7 8tior!s: Bergson , Eamuelson , and others all assur::e 

that ~overnment acts to maximize some function (here W) whici1 

hes as its a=guments onlv the utilities of ~he citizens in 

that CO!!l."'lmni ty. The prisary cebate in this literature con­

cern~ not ti."le nature of the arguments of W, but only the form 

of W; that is, the tallyiTJ.g raethod whi'=h is to be used by the 

state ma.chine. 

! t is i.nte:n~sting 'to ccnsider th2 i:nplications 0f th€: 

adding P.tachine model in ter:ns of the moti •rations of local · 

politicians. The only input into the machine is the prefer­

ences of voters. If we asst:.-ne that there exists sor:;e one-to­

one correspondence between citizen preference on an issue and 

citizen vote for a political office holder, then the a~<ling 

machine rr.odel implies that politici::?.ns are !!l0ti•1ated stric-=ly 

by votes. Indeed, in the DoY>rns model, this obj ecti•1e func ­

tion is roade explicit. 

f, . JKer.neth Arrow, Sccia _ CJ.1oi ..:~ anr1 r ·~~::i.\l i ·::uaJ. ~/a111es 


(New H.::•/en, Yale Uni·.r~1ty Pre.SS , ..!.9 ~F(j} • 


7 ;-,;...ram teraso"" " ?> Re -=,-..r....,ul ::i+i· - .... :-1f= C-"".r'!-.~_'i ". '!'.s:-·er+-s 
...... ' " ;o .::' •• , • ••• · ~·- '" -~ ·- ·-·· -· - --- "··-!"" -- of 

r TTWelfare ~Ci)l1. ·:)r~: J.cs ,. , Cl .:.r::.·r:- t G- !:" : '/ ~:=-1.:- ·_1!~:: ,~l c'E.._~_:~~::.::_..:.c~ , ·:.=-ol. ~.J-.., I 

No. 2 (Fe::r..iary , 1933) , f;Y· .:.14-34 4. 

8Paul SaI":luelson, "The Pure Thecry- ·Jf Public Expendi­
tures" / Revie;.·: of E:cc,!:cr:ncs -3.nd 3tc. ti s t.:i.cs, Vol. XXXVI, No. 4 

'.:::. A ' r; ·>:=:-=>--,) ,.., a(No~ 
,1e-nhc--

l. I , I r.p 
o .._, U I - .J () J •.,...._; j. ::;.• -' -: I 

L 
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.· 
Within t ..":-ie c0n text. of th~ c;.dding machine r:~eteir>hcr, the 

political science. liter=.ture sugg.:sts two funcd.onal f orn:.s 

for the social w2lfare fu:.1ction; t~o possible tallying methoC.s 

' .for tht! mu.cnine. 
Q

In. the first model, best associated wit!: Duncan Bldck~ , 

a •1a· .t~::-.te.r· '11i' H 1 "::~r_;s a1"'1·'~ •.r · · . lO ..... h i·t· · · · . - _ ~- -- n inicn , ~-e poi ician max~rn~zes 

a social welfare function which has as its argument a binary 

variable, ye£ versus no votes. 

We can consider the Black, Davis, Hinich :uodel in sorae­

what more p~ec~se t e r ms. Su?pose we have a publi~ s e c t or 

which ccnsists of three goods, say x, y, and z. Assu.~e 

further that voters have some well-defineC. utility func tior.. 

over these thre e goods. The n: 

o. 
l. 

= f (x,y,z) i = 1 ••• n, voters 

Let 

v. 
l. 

= 
+1 if 

au. 
l. 

3x 
au. 

> 0 

-1 • .r:
1 ... 

1 < 0 

'!hen, the Blz.i.ck, Davis, Hinich politician maximi ze s 

n 
2.1 	 w = i: 

i=l v. 
1 

9nur.c~r. !31.2.c ;'.; The :'h2c::-v of Cor:m~i ttces (c •~r .,.. .; dg';\ r ar.1 ­c.. '· ~~- ._ ..a..•. ..... I - ... 

bridge Uni~e~s~ty P~ess, 1968) . 

10ot..... o n-··1·<· - -. -=< "-·l el v~n l; .;n ;,..., ...., " ~ 1\.1.::> +- h e r-."'ti· c -l ':1'oc1° 1 o f \... UQV ;;.;) Q .. J.'-4 '- ~ - - .&.... - .1- - ~ J. I l. • --"-• - .l .o.c;;._ 0. J ..._. .. . 

Policy For mation i n a Da~ocrat ic Society ' ' ~ in Joseph Bernd , 
Mather:-at ica l .ti_~:i1?L.ica ti0ns j_n Politic2. l Sci2nce , ~.'ol. 2 (Dalla s, 
Arnoid F c\.mciat.icrl .? r e ss, i 96 6) 2 p p . L4-J8 . - ­
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.· 
The i?Oi11·t at ¥:hicb. this f1inctic·n is rrk'.xin1ized deper1ds 

of course on the functional form specified fer the utility 

fu."1ctions. 

ing the welia.:.e f 1..i.nction S?-3Qifi{~d i~ 2.1 ~·:ill w.:;t, i.n gen·2r::i.l, ;i 

he equi".J3..l0nt to the ecor~o:nist' s ust~al welfare maximum; i..m­

.,
like the co!'lven-!.:.ional ma:{ir11ization fcz.m , eq1..:.ation 2 .1 ·ta~es 1 

no accou.:;.t of re.lative intensit~1 of preferences. 

The 

fication 

interest g!:'oup model pro•1ides an .alternative:; sp~ci -

fer the w~lfare function to be maximized, still 
lj 

withi:! th8 ccntext of the adding machine fil~taphor. In t..'lis ..• 

formulation, the politician considers ho!r.cgeneous aggi:i.=gates 

of voters clu3tered about specific issues, rather than in­

dividual voters each with multiple preferences. It ::;hould 

il 
! 

be noted, however, that in this model too the politicia!1 

makes his decisions strictly on the basis cf voter prefer­

ence. 

Perhaps the best application of the interest group ~od2l 

·1 
~ 

l 

to the political decision process has been the wor]< of 

Dorfman and Jacoby conz~=~ct an a.rt:. -

fici c.l rive r valley, Bow River Valley, and equip it ~·! j.t!"l 

water poll;;ticn a.nd a regional COir:mis sion desi;;ied tc allevi­

11Robcrt Dorfman and 2~~=Y Jacoby, "A ~odel of Public 
.D2cisior-. s Illust:=c:ted cy a ;-;ater Polluti.on Policy Pro1.J1e:n "; 
HIER Disc;.!ssi.on ?:::i.pcr #"91 (Carr.b.r.idg~, !>!ass., October, 1969). 
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model to predict the level of. expendi tur•3 required by the 

commiE:sion a:: the each of the :;>ollu tr-:rs ir.. the Bow Val.:ey. 

I~. construc-t.ing t..liis model, Dorfman and .'Tacoby ust=..: a type o= 

interest gro .~2 model in wh·i...ch th<:! t!iree inteY.est qro-:.lps r.e? !"e­

sented are b .ro polluting tm•ms and ;i -::::anni...'Tlg ind1_:st.ry, 'Ih~ 

com:nission merrbers then make a decision by ·weighir.g E:;:.ich Q.c 

ti1ese separate vote aggregates. 

The prir.!ary characteristic of inte:rest group :ncdels is 

that, in so!tle imperfect fashion, interest groups in~rodilce 

intansity of preferer1-::.:s into the welfare .function maximize d 

by the politician. The linkage between preference intensity 

and act. ivi t:l in an interest qroup is clearly imp~rft:ct; the 

lobbying and general activity associated with the power of 

a group clea~ly depend, not only on preference strength, but 

on the O?portunities available to the indivicual to manife st 

these preferences. I!"l short, the potential lobbyist requires 

t i me and infornation, and often money, as well as demand. 

Keeping i!l mi nd this caveat, we can a pprcx.im: t e t. ~:.e interes t 

grcup rnodel as a maxi2iza~ion by lo-::::al politi~ian: of a ~un~-

tion of the form: 

u. 
2 

where w is the weight atta ched hy the politicia n to each 

group and r e::: leets the ability of t:r..a-t group t'.:l f'.'ak'= its pref ­

ere nce s man i=est. 
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.."" .lu but.ii. the indivif.iual and the interest group i'i'l.Odf:.:ls 

de~cribed above, the primary goal of the political actor may 

be viewed as political popularity. The decision by the 

politician to maximize equation 2.1 versus 2.2 depends only 

on his view of tl1e way in which the political process oper­

ates; that is, on wLether he ccnsid~r.s it more politically 

viable to !.lake a few people very hap,?y, or to make a la:.:ger 

number of Feople so::newhat less llaPFY· 

There is, l:c;.rever , a seccnd model of the state which has 

received so~ewhat less atte~ti0P in th~ economics lit9rature. 

In this model, tenned the organismic state, politicians ther:. ­

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 actor. According to 

this pa~adigm, state performance can be predicted only by 

considering the structure of local government in addition to 

co!!'.rn-.inity cf:.a:-acteristics. 

In analyzing t~e organismic model of the political de­

cision process, it is useful to draw on t he Industrial Organi­

zation literat~re on the mar.agerial theories of tr.e firm. In 

. . . . . . f ·11· 12 ,particu.lc::.:-, t:1e... non?rcfi.t maxi.r:uzi.r.g t L1eor.::..es o ~-; J. _ian~son 

12 l' - ... - . "~· . 1 :"'\. .._ . d B .o iver ~1Li1amson, ,;anageria 0~scre~1on an usiness 

Behavior", A~crica n Econc~ics Review, Vol. LIII, lio. 5 (De ­

c embe:::- , 19 6 3) , pp. l 0 3 2- l 0 .5 7 • 
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Ea~mol · , and Marris · a~e quite re levant. 

The dominant cha~acte~istic shured by all 0£ these nodels 

is that they predict th:it, unde r certain .~_9nd_i t.io.:1::_, the 

firm may act in response to motivations othdr than pro~it3. 

The more prominent motivations suggested are r.:venue (Battl!".('l), 

growth (Marris), and managerial per~uisites (Williamsen). To 

the extent that any one or another of these alternative 

goals ·.:>f the firm artc~ operativ.=, th-: fir..~l '~quilibriu!l~ price 

and output position of tl::e firm will diverge from tte usuaJ. 

com9etitive equilibriu..~. 

Fir~s can respond to one or another of these alterna­

tive goals only i~sofar as the market in which they operate 

is less than perfei::tly corr.petitive; wr~ere no market pc-v·:c~ 

exists, only a strict adherence to prcfit reaximization g~als 

will per:mi t the firm to remain c.float. This points out the 

necessity of identifying the opportunity set o~ the actor as 

well as his motivations; in a fiercely competitive :na.rket, 

tr.c mct:.vati0n:: o~ the manager ar.: L:::.rgely irrelevant~ he 

is constrained to maximize profits. Formall~, the orportu­

nity set o~ the firms ' managers is represente~ as a profit 

level constraint on the utility function of the manager. 

1 ~ 
-"'willia.m Bau...-nol, Bus iness Behavicr, Value and Growth 

( Too• ~ ·e - , ·.;or'l. ' 1< H<,..,r,.... our~ 19-::;_, 
0 1' - T'O::.' • - ~'"' •W I - '- I - I - • ds- - ..; 

14 \..._ . ~· . ,. '/\ "'1 - 1 &:Ro..;in ... 3.rris, ·~· . ..ode c .:.. the Managerial Enterprise", 
Quarterly Journa l of Econc~ic s , 'lol. LX XVII , ~'Iv. 2 (~lay, 
I·~9-.::~ .....~, ! ,..,..:.; _20° ­

\,,,"-'~ , ;;;:'!;:'• .-V-" _. e 
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!-1'"rrif:: further st-·2cifi~s ~'1.c critical constrainir,g profit 

level as that ~eve.l which a:.lows the fii:m to just c.void 

take-ove.c For other eccnor:-,ists,. the critical prof.it con­

straint is srnuewhat l ess closely de f:. ned ; but, in general, 

it involve s some notion of a prefi t level higt enough to 

insure job security for the decision maker . 

Consider now the extent to which the5e alternative 

theories of the firm may be applicable to a rno<le l o f the 

decision pro~ess of gover~nent. There is a clear analogy 

betwe en votes and profits; in fact, the c.d.di.ng machine ::n~deJ. 

of the state is a relative l y straightforward application of 

the co:r.peti-:.i;re n odel of the f irr.i. In the nodel of t he or ­

ganismic state, we posit instead a politician who fornulates 

tax and expenditure policy in an attempt to maximize so~e 

function U subject to a voting constraint. In place of 

2.1 or 2.2, we have the following cha racte rization of the 

political 	process: 
,.. ,.. 

2.3 max. 	 u = u (a, b, c} 

subject to 

either a. i: 
i 

V.>, 
l. 

z 

or B. 
I; 

i u >i" z 

Z in this :!:o=~ul;;i.~ior. rep r e.sents some a .:::: cl'.~j?tab :e level of 

political popularity--i f we want to adopt riu.rri s completely, 

we night characterize Z as the l evel at which the politi~al 
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actcr just L""lsurer;; bis ree:l ~ction. The: choice of constraint 

fol: (a} or (b) deFeJhis on whether we con!:l.ider the operative 

political process to coreprise interest graupE {b}, or indi­

vid~al vctes (a). 

Before ~"e :i..D.quirD into the nature of the c>., i:::, and c 

motivating t:-clriables, it is useful to cGns .i~er th9 conditions 

under which a ncn·- vote maxL.uizing model might be vi.:>ble. Here 

t he analog:i.es with the theory of the firra are particuJ:a.:-ly 

useful. The ability of a c.anager to re$pond to oth.:::r thail 

pr efit motivatior:s depe!1ds C'.ritical l y en t!1e lad~ of perfect 

cor.1petition in the econor:tic market place: the ability of a 

p o litician to act .in a non- vote rnaxir:-.izing manner sir.ti1arly 

depends on tne absence of perfect competition in the politi­

c a l markEt place . In some sense , t his rncdel substantiates 

t he oft-mace politicul ob3ervation that two-party politics 

improves the representation afforded ci comrounit:y's citizer~ry. 

We c an ccnsider now the most likely motivations for the 

politi cal decision maker, as v.·e:J.. as the form of the con­

s traint func ·::ion he is likely to Za~e~ We are concern2d 

her e with th':.? r:-totivatio:is a~d constraints of the ele·.::::ed 

politician; while the career bur9aucra~ has ~any of the sa~e 

incentives as ~he elec~~d official , he h~s a sc~e~~a~ ~if-

ferent constraint function. Since the elected official isI 

I 
' ' the rr.m::e powerful of L""1e two decisicm- mak.ers i::1 gove:rnr:leEt , 

' .we concentrat~ on nira.
( 

http:analog:i.es


In gcr.e.:=-al, '>·le would expect poli tic.iar.s (r.-iuch like other 

people) to hehave in ~-laj:·s to rr.axi:r..ize th0i~ ow:! power, 

salaiy, perquisites, reputation, and so o~. In fai::t , ~ach 

of these rnaxireands i3 closc],y associated w:~ tb -+:he siz~ o.f 

the govern.:r.ent buc:;et con't:roll.:d '::•y the po.li ti.c.L:m. 15 The 

analogies between this modf.~l cf government decision :rr.a.1<ing 

and Nilliar~1sor:' s f i.::-m manager are clear. Williamson 1 s mc:ina­

ger tries to rr.axi::r.ize f i::::rn output or revenue in crde::- to 

enhance his Ot·;n power, salary, perquisites' in tJ1e crganis:nic 

St2.te !'!lOdel describec here, t.t:e poli~ician tries l:.O Iru::tximizc.:: 

the growth cf the public sector, or public output, in order 

to enhance his position in terms of the same attributes. 

Williamson•~ nanager is constrained ~y e~onomic co~petition; 

our politician is constrained by political competition. 

Consider new the nature of the constraint faced by the 

politician. ?he ability of a politician to maximize gro~·1th 

of the public sector is constrained by co~munity preferences 

as reflected by community votes. Thus, the structural ct_arac­

terist.ics of t.:!ie community which act as proxies for tbose 

preferences here ace as the constraint function. 

size that all .:lse equal--viz all structural attribl!t~s of 

the co~r.. <.mi ty h-eJ.c cons t nn t--ccrnr:m:1ities i:l t,;h:.cl! ti;2:;.:-e i:; u. 

qreat deal of political com?etition will have lower e;<pen~itures 

..::ilSr.f'7' ' J.1. 1'iac. '" ' t·n s,·ar:k en, Bureaucr_a_c__~1....._2._n_...._ -_-....._epresen +-_a +-... i•vc c;o·...rerr~ -
rr.ent (Ne...,· Yo;.k_. J'.t~erton , 197.l.). 
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" 
on public projects than thc:t>e cc1n..:11u.nit.i0s with very little 

politL::a l co!".lpetition. 

! do not suggest here thei.t political co~peti tion is cc:n­

pletely ir~elevant in the add ir:g mach.ine moC.el of tb.E:: s t3te. 

In part icul:':'.r, low levels of political ccmpeti t.ion i!1 c.n 

a=ea may reflect the ~omcgeneity of the popul<:i-tic:i . To the 

extent thut this is true, ~n a cross-sectional stuGy of 

municipal expenditures, we would expect low levels of compe­

titio:i to be aszociated with high vari~ in the levels of 

e:>:penditun~s made. Hot'!ever., it i~ only ir. t~e crganisr:;ic 

paradigm that we would predict the mean level of expen\..'.:i tun:·s 

to be inversely related to ~he level of political competition. 

In short, the organis~ic state model suggests that t he 

structure cf the state, and, in pa~ticular, the political 

comp-etition in a community, may have sone independent influ­

enc~ on the performance of that state. 

There are thus four plausible models of local gc\•ern­

ment decision making: tr.e adding rr.ac~i:.;e-inte:res ·i:. group 

model., the adding machine-pure de~ocracy model , the organis~ic-

a<ldi-c·.g machir~e model, cmd t...~e o:cganismic ,-p~re ..J.esccrac:; ~od~l. 

In the next $ection o~ this paper, I investigate the opera­

tional diff e=-cnces ilmcns these fcur mod~.l sper. ifica-tion. .:5 5_:1 

the deterrninatio~ of the level and financing of wate~ pollu­

tion control. In Chapter 3, the results of the a9plication cf. 

each cf the four ~odels to the pollution expenditu=es in the 

Merrimack Rive r Basin are presented. 
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2. 2 'Iwplications of· the ~{,)a~ls' ·of Gcver!lment De·c::.sio!1~3 

We can :::-eturn now to the original question: What ?.re 

the deter!:linants of the level and financing cf local govern­

ment expenditures on water polluti.on abate~ent? 

A great deal of empir ical work has been done in public 

finance on identifying the determinants of interstate vafi­

ance in the level of per capita government expenditures. In 

most of this work, there is no explicit characterization of 

the underlying decision process assumed; the independent 

variablcs identified are, in fact, appropriate to both the 

adding machine and the organismic state models, to either 

interest group or pure democracy voting paradigms. 

The earlies t econometric work dcne in isolating ths 

determinants of government expenditures was done by Fabricant 

in the early .l950's. 16 Fabricant. , using 1942 data, explained 

72 percent of the interstate variation in per capita gov8rn­

rnent expenditures by the use cf three variables: populatioo 

density, urbanization, and per capita median incorr.e. Per 

capita incoroe has a positive effect en the :evel of public 

expenditur e s: as incone increases, beth the derr'.an::1 rcr ? ·d1­

lie services and the supply of potential tax funds also in­

crease. Urba~i;ation is similarly positiva, albeit s mall: 
• 

I 16 , b . h - . .. . . .
Soic~on F~ ricant, T e Trena in Government Activity in

I the U.S. si.:ice :i.900 (New York, i;ational .i3ureau 0f ::c ~.) ri.-:::::i.ic 

Research, 1952}, especially Chapter G, pp . 113- 139.I 
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the p~:-ic:e C.'f supplying public goods as wall. as the taste for 

ptililic versus pri•;ate goods is somewhat higher in urban than 

in more rur~.l areas. Final;.y, Fabric-:ant fi..nds a negc.t.:i.•/e 

coefficient for populatio~ density, reflecting economies to 

scale in the produc tion of public goods. 

It should be clear that all three of Fabricant's vari ­

. \..ables influence governm~nt expendi ture s by altering t:ue 

utility function of the voter. Pop~lation density, by alter­

ing the publi~ good/private good price diff2rential, al~ers 

the s 109e of .:he budget cor:st::-ain t; ur!::ani=ation s.Lr:-.il.:.::: ly 

alters the slope of 'the bud.get line, hut s:Lmult~n-:!ously 

changes the margin~l rate cf substi~ution; finally, income 

changes shift the budget line parallelly while alsc affect­

. t-,1ng _r:e margin~l rate of sl!bsl:itution. This voter utility 

function is relevant to beth the adding machine state model , 

where i t represents t he only decision input, and to the or­

ganismic stats model, where it acts as a constrain~ on 

politician~' decisions. Thus, the three Fabricant variables 

can !:e Sf}en as .:1 subset of the deterr:d.ning -....ari.a.~.les in 

eithe r of our mode~s; al l three represent ~=oxies for ccm.mu­

nity structure. 

A nur.i.ber of e conomi.sts subseq...:ently c:.t.tEr;;::,:-·b:!d to i :::r. ­

· 1 2 b • d • • •, ~ d , · 17prove Fab ricant 5 R y int=o ucing varian~es ~ or e uca~ion , 

17Glenn w. Fisher, " Interstate Va riation in State and 

Loca l Government Ex?en<li tu=~s ", National Tax Jou~nal, Vol . 

XVII, No. 1 (r"tarch, 1964), !:"'? · 57-J/4. 
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. l ' 18previous expencitures , reprc~entativc t~x systa~ y ield or 

1 9 t' . h201t ax b ase , p0pu.l.a ion <;rovrc. , ani per capita federal ex­

21penditures in th~ a.rea 

chang.J.ng the f •::.!:rn of the t!q~.12. tl.on fr0m line:a.:..- to cg ...0 ....1••
• · 1 c -m 22 

The firs t four new variables i~t=ceuced in t hess exten ­

sions of Fabri~ant are reasonable ; educat ion is a p11re ~aste 

changing ir.dicator; previou.3 expenditures also indicate sor:-.e ­

t hing about tastes in an area while simult~neously identify­

ing the existins burden; tax base and popu!ation grc~th both 

r t present proxies for the supply of nevi t<Jx f11nds, K11rnr:-'.·1 ' s 

us e of per capita federal expenditures as an independent 

variab l e, hcwe\rer , is specious. K1.1rnow uses as his depe.~Je:nt 

variable l ocal + state + federal per cap it<:. exper.dih•res; tt2 

use then of per capita federal expenditures, F-art of the 

18 Ira Shar kansky; " Some More Thoughts a.bout the Determi­
nants of Government Expenditures", National Tax Journal , 
Vol. XX, No. 2 (June, 1967), pp. 171-179 . ­

191;'. h 
~ ::..s1 er, O?. ::it . 

20Richard Spa ngler, "Zffect of Population Grcwth u90n 

State and Local Government Expenditures" , Nat ~onal ~ax JcGr ­

nal, Vol. ~NI , ~io. 2 (June , 1 963) , pp. 19 3- lS6 . 


21 seymour Sacks and Robe rt r1arri3, "'fhe Deterrr.i!10.r.ts of 
State and Local Governmen~ Expenditures a~d Intergovernme ntal 
Flows of Fur-.d s'~ , l'lational T2.x Jour:;.a!., Vol . XV:!:I , !'~c. 1 
(March , 1964) , pp. 75 - 85 ; a~d Ernest Kurnc~ ; , " Detcrmina~~s 
of State and Local Expenditures Reexaminedtt , National Tax 
Journa~, Vol. X\iI, No . 3 (September, 1963} / P? · 252 - 2~5. 

22 Kurnow, op . cit. 
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.. 
dependent variabl e, as .::.r. indeper:d0nt 'l:~a1:-izb.1.e is circular. 

Tt • _ - .l.ncreases . 1-c 1~ 2R . lwit lout ..:t.n any way . .
incr~a!:": J..n<; .tr.e true 

predictive value of the eq~ation. 

The Fabricant woric and its ext2nsic!1s ;;.se either ex­

penditura on all public goods, or soT:"te larq-e subclass 0£ pub-

lie expenditures--viz ~ighways! health , safiitatioc--as the 

dependent variable in their equations. The aggregate quality 

of the dependent 11ariable used allowed certain simplifying 

assurnptions to be made in the analyses; the specificity o:E 

the expenditure variable used in this study--viz sewage treat­

ment faci l ities--suqgests +:hat sor:1e of these assumpticns must 

be mere carefully considered. 

It is important first to consider the policy optio~s 

open to local decision makers. The work on aggregate expendi­

tures assumes that l ocal gover nments have reasonable f lexi­

bi l ity in expenditure polic7, and can respond to interregional 

d ifferences i n economic and demographic variables by adjust­

ing this expenditi;.re. In an analysis of local decisicns on 

sm·1ag2 treatr:i.ent plc..n t const~uction , howevE~=, the real opper­

tunity set of the decision maker is l ess clear - cut. It rr.ay 

well be true ~hat federal end state legislation, coupled wit~ 

technical consi.derations (viz waste l e vel .:.n<l flew), ccrr.pletely 

determine the lev2 l of expendi t.ures required for 1a ter pollu-T:. 

tion centre~; de~cgrnphic and economic· variables reflecting 

eithe:r cornr.1uz:.i ty pZ"efa:-ences or go·J'e:r.:r:.mental structure will 
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be irrelevant i~ this situa~ion. These technical and lega l 

constraints o!l local govern..-rr.ent aci:ivity will be part.i..cul~.:· ly 

important fo~ the econometric work done in this study . !n 

f~ct, as ! me~t~cned earlier-, identifying th~ ~~gnit~de of 

the influence of preferences versus technical c~~straints is 

an integral part of this study. 

The s9ecifici ty of th8 dependent variable used i~ t~is 

study int~oduces a second problem r.o"L enconntered .::.n the 

general expenditure work. Previous econometr~c wort has co~-

centrated on tl:E: inter-area variance in the leve:l of expendi­

tures; one of the und~rlying assumptions used in identifying 

relevant preference variab1es has been that higher exper.di­

ture levels induce higher tax levels. Of course, if the de­

pendent variable in the regression is total town expe~dit~res, 

then, in the absence of deficit fin3ncing, the one-to-one ex­

penditure tax linkage is necessarily correct. In an ar;alysis 

of a specific expenditQre category, however, this linkage can 

no lo:iger be assu.rned. Lcca.l governments c~n c;enerate the 

requisi~e pollution expe:nditure by reducing other expenditures 

as well as by raising taxes. Thus, in this study, some addi ­

tional care must be exerci~..-;ed in specifying comrmmity prefer ­

ence vo.ria!Jles. · Moreover, while our pri1nary t:ruph.s.sis ;.t:i.li 

be on daterrnining the causes of interrounicipality variance in 

the level of expenditures on water poliution abatement, we 

will also consider the determinan ts of differences in financin g 
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schemes used by t.i.'1ese towns. Th.is latter tax increas~/ 

sxpenditure substitution issue is particularly important for 

~he anal:ysis of distributional impact; it will be consicered 

more thoroughly in Chapter 4. 

The expected ·~eterminants of the level and financing of 

local government expenditures depend to some extent on which 

model of the decision process we believe mcst closely approxi­

mates the real world. Nevertheless, there is a substantial 

subsst cf variables which c5.n be expected tc ~nte:c into :re­

gressions predicated on all of the models: namely, the com­

muni ty strucb:re variables. This common set of v~riables 

will be identif ~ed first: we will t~en consi~er t~cse varl­

ables unique to each of the alternative theories of the 

state. 

Four separate set3 of explanatory variables seem to 

account for ir~termunicipal.i r:y variance in t l:.a lev.::l of per 

capita local governIT'.ent expenditures on wate r pollut.ion 

uoateme;:t: demand variables, supply of ft;~ds variables, 

technical co~straints, and a set of proxi~s for F~blic s e c­

tor distribution. While these four broad categories o~ 

variables 3eem to be relevant to any decision m~ecl, th2 ~er~ 

in which sol.'.e 0i these terrr.s enter the regression ~.re model 

specific. 

!n this study, median per capita family income, pcpu­

lation density, ar.d proximity to the river are usec to ~eflect 
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•' 
li t)~ variance in the demand fo;r sewa.:;e treat­

ment facilities. All three o f these variables can be ex­

pected to a~fect citizens' utility functions and, therefore, 

their votes. The first t~c are standard ~abricant-type 

terms; the justification for thair inclusion i~ the regrGs­

sior. is giver. ablveu Proz:i.mi ty of an area to the river af­

fects the potential recreational and aesthetic benefits to 

be culled frcm any clean -up; a riverside town should, there­

fore, cete:cis paribus spend more on pollution abateri1ent. 

Although t he model developed here posits some discretion 

by lccal decision makers on the level o= government expend.:. ­

tures en sewage trea. t.:."'ilent facilities, technical r.>a:cam2 t12rs · 

are nevertheless important. Two tmms with equal commit.'ilent =­

to clean water may well have different expenditure levels a3 

a result of differences in the initial pollution problem. 

In short, we re~uire a proxy for inte~-area cost of clear.­

up diff"erentials. Average per capita waste f low (both house­

hold and industrial) is used in this work. 

The supply of funds available, or the fiscal s trength 

cf a town, re~resents an adc1.itional expect8d ir:;n;t .::.~~c 

level-of-expenditure decision. Two proxies seern to be 

suitable for cse here: the percer. tage of sewage treatroent 

costs that t owns anticipate that the federal and state 

governr.~ents •.·:ill contribute, a nd the cur.!:"ent yea.!:"' s eff~c-

tive tax rat2 diviced b:z• median fa::nily income o f the town . 
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Thi~ latter variable unfortunately captures t '.\'O. opposir.g 

effects: clearly the current tax rate reflects a ~cwn's 

ability to pay for new projects; on the other hand, a high 

current tax rate may also reflect the relatively hig~ will­

ingness to pay faL· public projects of th<:: t0wn. Given the 

presence in the equati.or.. cf oth-:r strong de.-nand , or willing­

ness to pay, variables, the extent to which the tax rate 

term wiJ.l pick up this latter effect v:ill be mi!1imizea. 

Finally, the baseline distribution of public services 

and taxes is an i.Jr.portant determinant of th.e ~evel of new 

expenditures chosen by the government for water poll"Jtio.r. 

abatement. The differences between interest group and ~u!:'ely 

democrat~c voting models are captured in the treatrr1ent 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 th2 

goods a•1d their marginal utility. Howevei:, unlike th.e private 

sector , the p=ices cf publi c gocds are not well kno~n. When 

citizer.s ve>te to s:pe::::j a ;iven amount O!"l a 11ew ssw~;e treat­

ment facility1 they face not a single price representing 

t.'1eir share of total costs, but some probacility function 

where tl:e arguments of the function are prcbabilities assignee 

by the voter to a.1..-cernc:.tive financing schem~s which ~ight be 

used by the mun:k:.Fa1.i ty. In short , the ty?ical voter is e n­

gaged in a proc2ss of maxin1izing under ancertainty. Consider 
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th.e following voter: ch.ildlc~ss and sociall:!• un~onsc.:!..ous, 

educational expenditures possess no positive utility for 

hi::1; a prope::::-ty owner, he derives negative util.ity from i.n­

crease~ in the property tax. Clearly, if the sewage treat­

ment. plant under consideration has sorr.e pos.:.. tive utility fer 

t.irn, his votE; on the issue of total municipal ft:r.ds to be al­

located to the project will depend upon whether he antici­

pates funding through cutbacks on eC.ucation or through tax 

increases. In short, t:ie voter makes his ded.sior1 wit!1cut 

being certain as to the parsonal cost to him of that vote. 

Consicler now- the alternative m:.micipal fi::iancing scner:1es 

which consLU..:•J.te the arguments of th2 price prc;:;abili.~:~/ fur:.c·· 

tion discussed above. Local municipalities ha•:e two b.::isic 

options in financing new projects: increasing government 

revenue or cutting back other expenditures (substitt:tion). 

There are, in turn, six revenue sources ava ilable tc local 

governments: the property tax, the corpcration and .:.~ccme 

tax, licenses and permits, fines and forfeits, grant 3 and 

agifts, and commercial revenue Of thes•~ si;-i::, the property 

tax is the rncst realistic source of new revenue ~er water 

pollution abatement programs. 'l'he ccrooration 2.nd i::-lco::;;:: 

tax, and grants .and gifts are exogenous to the lccal decision 

maker; lice nses and permits, a~d fines and forfeits, whi l e 

encogenoi..:s, e ach co!-.1prise J.. ess t li.a .n 1 2ersent of t he ty2i.cal 

local b1..:.dget; corr.flercial rever:ue is both endoge:ious a:ld 

-35­



.. 
relatively large; hmiever , i11 ge;~~ral, it. i::: .used by govern­

ment .stri-ctly to cover direct costs of the local service of­

fered, ~athar tha~ as a more general revenue raising venture. 

On the revenue side, then, the typical municipality can raise 

new revenue only by increasing the property tax rate . 

In line with the above, tl-:.e befo:::-e-t.he-votc anticipated 

price of a n '9w sewage treatment facility f•J.ced by any indi-· 

vidual voter may be written as: 

2.4 

where q 1 ..•.qn = probabiliti es 

and s U.'1\ to 1 

r = property tax rate 
A = land value owned by the "Joter 

u. = l oss of utility from the ex­
1 	 pected reduction in expenditure 

i as a result of the sewage treat­
ment plant construction. 

If B is equal to the benefits to the Yoter in q~estion fro~ 

f rom the s ewage treatrr:ent plant (or his expected benefits), 

then the vote of any individual depends cnlv o;i \·lhether B- p* 

i s positive {yes vote) or n~gative (no vot2). 

B- p* i s :elevant to the level of government e~peneitures 

in all of the models discussed in Section 2.1. Eoweve=, the 

way in which B-p* enters the local decision process and, 

therefore J inf1ue!1ces expeP..diture levels C.epend s npc-n the t~·p2 

of voting model Sfecified. 

Consider first the one man/~cc vote recdel under either 

inciivid~alistic or organismic motive assunpticns . If the 
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loss fiinction p*, then, in ger,eral, the ~nore evenly taxes 

and public services an; di!5tributed, the lm-:er will be the 

new sewage treatm€.n+: ~xpendi ti.:;:res. Th.i.s rt.!sul t depends 

critically on the irralevancs of intensity of pre~erences. 

For all of those people who sh~re in neither the tax burden 

nor in th~ benefits of alternative expenditures, p* will 

equal zero, and net benefits will clearly be non-negative; 

in short, they will vote yes. People, in sun, v.;·ill consu.rrie 

~ore of a public good if they themselves do net have to pay 

for it. 

The analysis of distributional effects becomes somewhat 

more complex 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 importance of the property tax in the local 

budget, it is reasonable to use the ratio of prop.erty owners 

to total population as a proxy for the distribution cf taxes. 

The role of the property tax in ti1e decision process is 

particularly interesting . Property ownership may be expe:::ted 

to have a dual effect on expenditure votes for pollution 

abate~ent facilicies . First of all, as can be seen from equa­

tion 2 . 4, as long as q does not equal ze.ro, owning property1 

increases the anticipated price of the new project to the 

voter. However, the new se'l.·1age treatment project a.lso inf lu­

ences property values; the extent of this effect depending 
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" on the p:c-oxi:ci-+:y of the property to the to-be·..cleaned-up 

river. In short, I suggest that expenditures on sewage 

trea.tni~nt plants are not a pure public gooa, in the ~!lse 

that some of the benefits from such expenditure are appro­

priable by the people who pay for it (i.e. the property 

cwn.ers). This incomplete separation of i:he t:enefit · anC. 

loss functions affects our expec~ations as to the effect Qf 

the property distribution on the level of expenditures in a 

town. 

Consider the determinants of the vote of the prcp.:rty 

owner. It is true that the typical property owner is multi­

dimen.siona!: ha may have children and, thus, care about the 

level of local educational expenditures; a sic~ mother-in­

law and, thus, care about the level of medical expenditures; 

and so on. However, insofar as these effects ar~ not sys­

tematically related to property ownership, we can abstract 

from them in th~ pure property owner vote analysis. In 

general, ~e would expect the economic and demographic terms 

identified to pick up the p~cp~xty cwner's ~on-property re­

lated preferences. 

If we ccf1:;ider the pr.::;pc:rty owner .:_f:Ja prcperty m·mer, 

it is clear that his vote will depend upon the expected in­

crease in the ;:::a!:'kct value of his p::::-operty resulting fron the 

naw sewage t~e:i.t~ent plant construction weighed. against the 

expected property tax increase. 
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A variant of equation 2.4 can be used t0 evalµate the 

effect of Fropsrty on voting behavior. This gene:cal part of 

the analysis is applicable to the proper~y owncr 1 s vote under 

any and all of the decision models discussed in Section 2.1 . 

The expected property related cost of thi:: new expendit:.ire on 

sewage treatr:'lent facilities to the pr0perty ow~er is: 

2 . 5 C* = ql (r•A) + q 2 (M) 

where q 1 , are probabilitiesq 2 

r = effective property tax rata 
A = market value of pro pe=ty owned 
M = market value of lan.6 lost by 

foregoing o t he= publ~c projects 
to finance the new water facility. 

Then, if B is equal to the total increase L"'l the mar!<.et 

value of property produced by the new treatment facility, 

the net benefits in property value to the property ot..·mer wilJ. 

be : 

2.6 NB = B - C* 

It should be clear from this that both B and C* depend upon 

ownership of :and. Thus, we have no assurance that prope rty 

distribution and e~penditure levels will be negative ly cor­

related. A sirn~lar problem might arise in the evaluation of 

expendi tur :;::; er.. highways or other capi ta.l irrlprcv2!11.en ts in a 

town; the evaluatio~ of educational expenditures on the other 

hand esca9es t h is problen, siDce thers is nc evi~ence th~t 
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nl.4.rribe.= of chiloren anC. property ownership a.re l.!1 any way re­

lated. 

In a on~ man/one vo~e model, the policician chooses a 

level of expenditu:::-es by weighin-:;J the :1urrtber of peopie for 

whorr, B is g .:-e::-.ter than C* against the nti.Iiilier fo:;:- wh0t;.. B is 

less than C*. In an interest group model, 0n t~ft other h~nd, 

the politician is concerned with approximately maximizing 

I: 
. ( B . -C* . ) . 
l. J. J. 

Consider now the effect of the ar.i.ount of land owned by 

individuals on the level of expendi tnre cl.ecision 1.md-=r th'~ 

two voting models. 

AssUli1e first that all the land m·med by any ir.dividuai 

is equicistant from the rivar, so that for any indivicual, the 

new facility confers equal benefits on each tract of land that 

he owns . This ass~~ption, while not critical to the analysis: 

simplifies it considerably. Assume further that the marginal 

utility of income is constant for any individual. Thus, bene­

fits are stric~ly proportional to the amount of land owned. 

We can then Axpress the ne~ benefits of the new expenditure 

to the property owr.er in per dollar of land owned terms: 

Since B = cA , we can rewrite 2.6 as: 

2 • 6 I 
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.. 
In order 	to evaluate 2.6 1 we me.st consider lik~ly fori.:\s for1 

(M) • Three cases cor.1e to mini:i.q 2 

Case 1: = O. iiere the property owner expects the fullq 2 

cost of the new facility to be met by propErty tax increase. 

In this case, 2.6 1 becomes: 

2.6'' nb = c - q (r)1 

In a one man/cne vote model, the politician is concerned 

only with the sign of NB (or nb·A). In Case 1, it is clear 

that, since A must be positive, and nb is indept::ndent o:!: A, 

the sign of ~rn and, hence, the property owner's vote, must 

also be independent of A. It should also be clear that, 

since the magnitu~e of NB varies directly with A, A, or the 

amount of lana. owned, will be very relevant to an intercs-c. 

group or inte~sity-sensitive voting paradigm. 

Case 2: 	 !1i. == ~ 

and 

Here, the construction of c. new sewage tre:atr.lent plan~ is 

done at the expe~2e of a second prcject which could 	also be 

23expected to increase property value in a linear way. In 

this case , 2.6' becomes: 

2.6'" nb = c - a {r) (d)
-2 

23The analysis which follcws depends upon there being no 
intercept te.!:'i'."< in the 1·1 .Eunc::ticn. Sinc•2 ~I by def iriition re­
late3 OEl~t t.:1 prorer-ty-!:"e lc·. ~ed .:;;1a.n~es, t;1e :>p•.;cif ica ticn cf 
a zero intercept is apprcpriate. 
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Once agai:i, as in Ca~e 1, nb is independerl~ o: A, and. the 

amount of lar:.d owned by the. voter is relevant only in an 

interest group modal. 

Case 3: 

CL :f. 1 

In this situation only, the anount of land owned is relevant 

to the sign of thA vote, as well as its masnitude, and, 

therefore, affects the politician in a p~re de~ocracy, as 

. well as one operating under interest group rules. However, 

since both M and a are monotonic functions of A, they will 

intersect at only one poin~. We can analyze this intersec­

tion point somewhat more rigorously. Under the Case 3 formu­

lation of M, the net benefits are: 

2.6'''' nb = c ·- q 1 r - q 2 dA
a - 1 


a - 1
The term q~ d A will always be positive. There­
"" 

fore, since it is subtracted in the above equation, it wi.ll 

always give a negative contribution to the net benefits. 

Now there is a possibility that c - q r is itself negative,1 

so, in this case, the net benefits will be negative for ~ll 

A, and the non-linear term will not change t~e sign of the 

vote. 

Fer c - q r positive, the net benefit may be positive1 

in o~e part of the domain (.::.creage} and negative in another 

(the er i tical point being tr.E: intersection of the line 
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(c - q1r)!~ and the curve (dq2 AC't). Rm•rever, without know.ing 

the value of A at wh::...ch t;he sign cf nb revnrses, it is still 

possibl-:: to r.-..=:.ke scme observatinns about the sign of nb if 

it is known at .sorne point; based on t~e sha9e of the cur'l.-e 

:For example, if th~ sign of the vote is knowr.. 

for some srr.a11 !;., it is som.eti;:nes invaria41t for larger values. 

For a < 1 : :-i.b i.3 negative before the intersection A and
0 

positive for all A > A0 , so if at any point nb 

is positive, you know that it will continue t:o 

be positive 

Similarly, for a > 1 : nb is positive for A less than the 

intersection point A and negative for all0 

A > A0 , so if at any point nb is negative, you 

know that it will continue to be for larger A. 

The amount of property owned, then, is relevant to the 

sign of the vote (and, therefore, to the level of expenditure 

decision of r_°f1e politician in the pure democracy model) only 

in one of the three possible cases; and even here the rele­

vance of A is quite limited. This analysis suggests that, 

uncer one man/one vote assurnptior.s, only tf:e fact of property 

ownershi~ anQ not the quantity of property owned ~s relevant 

to the level of_government expenditures chosen . O~ the other 

hand, sir.ce the intensity of a voter's pre:fereaces on expen­

diture levels depends not only en the sign of NB, but on ~ts 

magnitude , the market value cf property is critical to an 
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ir~t:;=est g.i:·o;..p foJ::-mulat:i.on of the votL1g pr.oc;esa. Ti:1us, one 

way oper3.tionally tc differentiate .between. t he · interest 

<j-roup and purely de~ocratic !r,od~ls i3 to i~clude the m.arket 

value of prcperty in a regr~ssion based on ~he former end to 

exclude it £rem ·i:.he latter. The exte:nt to ;..·hich . tll·:: ma.::-ket 

value terra is significant shculd g:i ve · -:..u:; sc..-rne idec:. as to the 

importance of each of the tHo voting pc.!.rad::·gms. 

The role cf industrial property aJ.so (.:. i ffers dep~;-i.ding 

upon whether interest groups or pure dem0c r:acy is thE.- qoting 

rule. In an analysis predicat8d on the interest group model, 

2 4the market Vc?.luc:: of industrial property is ·Cri tical ; in­

dustry for!7ls a basic interest group, and "'::!::".": effect of munici­

pal budgetary policy on profits is one of t.."rie foundations of 

its vote. Industrial property can be tre~ted somewhat d~f-

ferentl.Y than the residential property discussed above. From 

the perspective of the industry as a profit maximizing organi­

zation~ there are likely to ce few benefits associated with 

new sewage treatment facili tie:s. On the ot11er h~nc, since 

industry does pay property taxes , the less £rom such new ex­

pend.itures ~s likely to ce considerab!e. T:hus , in a.n interest 

group morlel, to the exte~t that in~ustri2s fcrrn a. viable, 

2.d ~ . d . 1 . - 1 .
"M~rkat value OL in ustria_ property ~as si~i~ar~y in­

clud~d as a:: :i.!T~: erest group term in Otto Dc~vi.s and G. !1. 

Haines, "~. Pol.:.':i.cal F.pprc-ach tc a 'l.'heo::-y c:f Pui: lic Zxpe:.di­

tures", i:u.tio!1 '5. l ·: .J.x Journa1 , Vol. XIX , };o . 3 (Septe!ll.ber , 

1956) , pp. 25 9 -2"7$-·. Hrn·;ever , the cinalys is used in i:his ~·:ork 


differs cons .ide.:ra;:: Ly from that u.5ed here . 
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active ·:rroup., the va.luf; of indus tr: ia.l property .in ar~ are.a .lS 

likely to <.3.ecrease the expenditures m<-ide on "'rater polli.1tion 

. 25control in an area. 

On the other hand! ·the ·value of industrial property is 

irrelevant to the level of expenditures se~ected under rules 

of pure d~~ocr~cy. If the controllers of the industri~l 

property are not residents of the area, they have no vote; 

if they are voters, then following the ana.::..ysis cf rcsid~ntial 

property, 0:1ly the fact of their C\·mership and not the mag­

nitude of the p:!:'operty owr.e:d ccants. 

The economic and deMographic variables id<::ntified thus 

far are relevant to both the adding machine and the o=ganism~c 

state theories. In the adding machine model, these var iablE~S 

constitute the core of expenditure determination; in the or­

ganismic sta~e model, these variablas act as a constraint on 

the growth maxiI"".izi ng beha•1ior of the political acto:.:-. One 

way then to differentiate between the two n:odels is to find 

a proxy to measure the effectiveness of the voting constraint 

in the latter. 111 the work in J:ndustri.al Crga:-ilz~tio!"l , the 

extent to which the firm is cnnstrainad to ~L~i~ize profits 

is capt'..lred by t::.e economic ::iar.ket power o f that f .:..:·m; by 

25we would not expect the industrial p~operty to have a 
depressing effect on all 2xpenditures. A ~·'..lmber of rr-tmic:.pal 
services irrp:cove the p::-c::it.s of the firm; thus, the vot1= o:: 
the firm would e2pend en the ex~e~t to which t~e prope~cy 
tax increase rroduced by the new 8Xpendlture is cc~p0nsatne 
for by these pecuniary benefits. 

-45­

http:J:ndustri.al


.. 
analcgy, the ir.:portance ·of t~1e voting cm1s ~.::r.'3.int on govern­

ment behavicr in the organi$rnic i:oli tical r::-~odel cc:.n :.1e surr. ­

narizeC. by a polit.ical narket. power t·~rm. 

Tha first syste:matic eff0rt to i;icorpo::ate seme 11ocion 

of political ccn!pe.tition into an empir:ica:~].y ori-=r..-ced mcdol 

J: \.. • d +- 'I l ,. .. - . 26 '["'c .... t.i..e ou ge_a!:'y process was ~:~a.8 ny ..... or.n ;:"en'l:.•.Jn. .en.l:·:)I:, 

in a study cf interstate government revem:::..e ~nd expendi~ure 

variation, found thc:t active politicnl pari:.:7 crn;!p.::tition in­

creased the share of ;;overnt'!le11t prog:::-aIT!s .::l.irected at th(? J?Cor. 

Fisher later adopted the Fe":1t0n i.~'5.ices in his study of 

the determinants of inter-area ~.'::.riance in general -=xpendi­

27ture level3 undertaken by gcvsrr..Inent. Fishe='s ~egres-

sion, political competiticn was found to be inversely related 

to the level cf expe~<!it·..lres c!'losen by an ~:re?... This result 

is consistent with the grO'wth or utility naxi:rai~:i~g analys :i.s 

above, although Fisher himself leaves t.t.e underlying de.::ision 

model of government in his work uns9ecifiea. 

A further example of the use of ?Ol:it .:!..ca.1. competitior. as 

a variable in an expenditure determination model is provided 

? " 
by the work 0£ Jackson.- 0 Jackson us~s pclitical plurali~y 

26 \ II c · • • ~ 1Jo11n Fanton, Two Party ompetitio~ 2na GOVernnen~a~ 


Exper.di ture s '', ?a?er presented at tr.e Amer :.c:an Pc li-::icc.l 

Science rissoc:!..'.l'Cio;-t a:inual meetings , Septe....'"'.'.be.r 5- 9 , 1962. 


27.,..,. h 
~is P-r , o n . ci.t. 


28J . J k ·1~ i · .
on:. ac sen, ·~o 1t1cs and the Budgetary P=ocess", 
Social Science ~e s2c~cc., Vol. 1, No. l (A~ril, 1972), pp. 35­
60. 
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" 
and an electior. year duri:-u."'lly to help explain inte:ctempor.:al . 

variation i.n :r.evem.1es and expenditures in C:!..evelan<l. Jack­

so!"l's results provide ft;.rther confirmation of th.: organisrr:ic 

state hypotbe2~s . 

The. adding 1nachine state and the organismic state are 

operationally distinct only to the extent that the voting 

constraint of the latter is not binding. Thus, if politicians 

are :really gro~·1th or utility maximizers ra the:r t!'lan vote 

ma.xim5.zers, we would expect, once we control for the differ­

ences in community preferences, that the level of political 

competiticn would be inversely related tc the l evel of ex­

penditures u~dertaken. If, on the other hand, the true 

model of voting is Buchanan's adding machine state, then 

political coi:,petitior. levels should have no effect on leve.J..s 

of expendit~res chosen. Notice, in the Buchanan model, ccm­

munity preferences exert a stronger influence on expendib..lre 

determination than in the organismic model: in fact, in the 

Buchanan model, community preferences in themsel•;es dic~ate 

expenditure patterns. 

In suIT.rnary, in the next chapter of ~his study, I ~ill 

test tt:e four models .:Jf the determination 0f t:1E: l-=ve1 of 

expenditures mad_e. by local governme!1ts on water. pol 1.1:.·U.o.r.. 

control : adding machine-pure democracy, adding ma-::!-line·· 

interest groups, organismic state-pure ~emccracy, and organis-
I 

j mic state-interest groups. The distinction be~wccn i.r..t2r~st

I 
l 

J 
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" group rn<Jdcls and pure demccra<;y models wj.11 be made by thi:?. 

inclusior. of a regression based in the for:ner me.eel of vari-, 

ables r8flecting the intensity of preferences of property 

holders in an area; the organismic and adding machine states 

will be differentiated by t.l:.e inclusio11 of a pclitical ~om-

petition variable in the regr·2ssion based o:i the f orm2r 

model. 

The aLn of the next ch3.pte r i~ t";·."0-fol.d. First, I c..rr. 

concerP.ed with es tim<:ting the relativ.:; irnpcrtu.r1:::e of cowr<:'4·­

nity preferences vis ~ vis technical and legislative con­

straints in de'termining sewage treatment pl.ant expenditures; 

eco!'lo~ic an~ de~cgraphic c.ttributes 0f a "to~-m are 1.1se::l a!> 

proxies for preferences. Esti~ates of the relative contrib~-

tion of local preference variables are mad~ under the four 

alternative specifications of government decision-~aking. 

Secondly, to the extent that it is demonstrated that lacal 

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 soir.e ligh-c en two ques­

tions in this ?rea which I believe are i~portant both in 

terms of evaluating the results of policy and of changing 

that policy: 

(1) Are politicians sensitive to interest sroups--and, 

in particular, pro?erty owner interest groups--in setting 

water pollution abatemen't expendit~re leve!s? 

: I 
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(2) Do the g:r.rn•:th goals of decision makers mitigate 

the influen-::e •·;t.ich local 9.:::Bferen\'.::es ex~rcise i.n date:rmi:i­

ing e:~pend.i. ture lev·els? 

Contrasts between the estimates ge~2rated by the pure 

derr.ocracy ~nd in':erest sroi.;.p r:iodels are '.~.i.:cected tc.wc.rd the 

first questi_on' contrasts be twee!1 the acldi!1g machine ~n0del 

and the. organismic model are directed toward the secorLd. 
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3. 	 Eco!1omet:.:-·ic Evid~nce on the· Dete·1in~.:iarr ·=~:» ·o :f Loca·i Gave.;:-n ­
rr:ent Experi"cfit:t1res on Wa.ter Po.1.luticn ;::.bate~nent___ 

Water pollution control facilities are financed by 

feder=.l, state, and local governrner,ts. 'I'he fi~st task of the 

bll.!'den aJ.locaticr~ analysis then was to allocate cos"!::.s ar.:ong 

these three le...,.·els of go,Te:::-nment. Two piece:: o:: federal 

legislation we:::-e relevant for this work: The Federal Water 

Pollution Control Act of 19 56, as arnended, £ormed ti:":e basis 

of the allocation of historical costs; the Federal Water Pol­

lution Control Law of 1972 (the "Muskie Bi1.l") was us:d to 
, 

predict patterns 0£ allocation fer future projects.~ 

Under Section a <)f the amended 1 956 statute ,, the 

federal government agreed to pay between 30 pe:::-cent and 50 

percent of the total construction costs of sewage treatment 

plants; the federal share guaranteed under this act varied 

according to the state's willingness to contribute to the 

2project. Under Section 202 of the new Muskie Bill, the 

federal share is somewhat larger: up to 75 percent of con­

struction costs are now paid fer by the fed.eral government. 

A need formula is used to determine the precise .share. 

1The Muskie Bill guidelines were also ~sed to modify 
historical allocations. Section 206 of th~ bill allowed for 
additiona~ fedeial payments for facilities built p~ior to 
1972; payments cc~sist of up to 75 % of cons~ructicn costs of 
projects initiated between 1966 and 1972 a~d up ~o 30 ~ of tte 
costs of projects started between 1956 ane 1966 . 

.· . 
2The iederal share of total const::-uctio::i ccsts w2nt as 

high as 50% if the state involved ~greed "!::o contribute at 
least an additiona~ 25%. 

j 




State cont!:'ibutions to costs of constructic1:1 also vary: 

New Hampshi:ce, for exa.-nple, contributes 20% of the financing 

ch.A.rg2s ef bends floated by munl.:ip~litie'~i to f i!~c.nce ccn­

struction of facilities. Massachusetts provides no comparable 

aid in absorbing finance charges, bu:t is solT'ewha.t mo:r-e sener­

ous than Ne::w Hampshire in prc-...ridiri.g i.~it.ial funds. 

All op2ratiri.g and maintenance costs of sew.J.gG treatr:'.e~t 

plants· a:;;:e borne by local n:unicipalities. 

The total capi'C:al costs of constructicn of new treat­

ment plants budgated by our towns in the Fresent period is 

given in Table 3.1. For most of the towns in the study 

area, no p~evious expenditures on treatment plants wera ma~e. 

For those tm..;ns which did have previous expenditi.lres, the 

present value of these forrner expenditures was added ~o tha 

current allocated costs . 

In this chapter, I test the four models of wate= pcllu­

tion abateme~t decision-making 5iscussec in the previo'..ls 

chapter. The dependent variable in the regressions is the 

per capita expenditure budgeted ::or the local sha~e cf the 

capita: costs (plc2 inte~est) of sewage treatmc~~ facilities. 

I concentra~a en these capital costz rat~er than c~ a~n~al 

amortiza tior:. f ignr:es because these capital cos ts ccr.s ti t'..l"':::e 

the initial 5scisicn variable, whereas amortization costs 

simply r2pre~ent the budgetary result of t~at decision. The 

use cf a per capita figure re f lects my concern with costs to 

-
indiviciuals, rather tha n costs to towns. 
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TABLE 3 . 1 

Capi.'.:rrl Costs oi Sew'1ge Treatment P.!.ant Ccnstruct.:.on 

· 'the Merr.ii'!1ack· Easin 

LEVEL OF LEVEL C'F 
TOWN E2:PENDI'l'URES TOWN E~<PE~ID I'l.'l} JtSS 

<:Alton $ 625,000 Laconia .,, 673,724. 
Andover 640,.000 Lancaster 225, '.)00 
Bedford. 104,220 Lawrence 4,768,000 
Belmont 112,756 L:=ominster 2,248,000 
Billerica 278,200 .Lowell 2,818,000 
Boscawen 113,582 Luner.berg 1,274,0 0 0 
Bow 127,039 Manchester 1,535,040 
Chelrn.sford 948,000 Her2dith 131,458 
Claremont 300,000 Merrimack. 2,423,33.) 
Concord 1,537,961 Methuen 1,968,000 
Dracut 552,500 Mil2oL:<l i,22s,1:0 
Fitchburg 6,4.40,000 Nashua 2,100,~8C 
Franklin 329,990 New London 540,000 
Gilford 145,707 North J..ndover 624,000. 
Goff stow::-t 275,942 Northfie ld 99,18 0 
Gorha.m 270,000 Pembroke 1,090 .• 000 
Grovelc.nd 320,000 Peterborough 950,559 
Haverhill 2,880,000 Pittsfield. 840,000 
Henniker 370,000 Plymouth 75,000 
Hillsboro 375,000 Sanborn tm'!. 46, 195 
Hinsdale 690,000 Tewksbury 681,500 
Hooksett 388,88B Tilton 116,7.JC 
.Hopkinton 380,000 Warner 230,COO 
Hudson 144,000 Westmir.ste~ 212,00G 
Jaffrey 97,500 Wolfeboro 175,000 

•• '!;.' 
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I 

The mod~ls ~sti~ate~ ~r~ g~ven below. It should iie 

noted that I h3ve speci fied a mul tiplicative rather than an 

additive functional form. In particular , it seems most 

reasonable that the effect of changes in any one of the in­

dependent variables specified on the expenditu~e level of an 

t area depends upon the value of the other variables. Thus, a 

I town which is close to the river is likely to !:'eact more 

i strongly to income increases than is a town far fro:'\ the 

I river. Simi l ar interactioc seems to exist between the rest 

cf the variables specified as well . 

Equation 1. Adding Machine-Pure Democracy 

Equation 2 . Adding Machine-Interest Groups 

Equation 3. Organismic State- Pure Demccracy 

Eauation 4. Organismic State- Interest Groups 
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where~ 

X = per capita level of expenditures on water pollution 
abatement 

y = p~r capita median income 

D = population densit y 

N = :::-iver l-;i.iles in e.. town divided by tm·1!1 arec:. 

s = per capita waste discharge (mu~icip~ l + industri~l) 

G == percentage of total costs provided oy federal and 
state govern.•ttent. 

T = previous year's tax rate d:i.vided by median incorr..e 

c = distribution of town property 

MIS = proxy for value of town property to owners 

POL = political competition in a town 

For the most part, the variables defined above .follm·1 

directly from the analysis in Chapter 2. However, C, MIS, 

and POL require some additional discussion. 

In Chapter 2, I suggested that property ownership wa s 

an important factor in shaping voter preferences about op­

tiJ-nal governrr.ent expenditure levels. I also indicat.ed that 

there \·Jere two dimensions cf property ownersh :~p which s hoi1ld. 

be considered. First, for a one man/one vote case , on~y 

the fact of ownership and not the more elusive mc:.gnitude of 

property owned is releve nt to the vote. In this stu~y, C 

used to ref lect this cwner s!!i.p-~onc·.~~ership as~ect of the 

property question. In an interest group analysis, on the 


other hand, the amount of prope rty c·.,me:d also beco;ae.s 
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critical ; M.lS was used to reflect this vah1e dimension of 

prc::,:.ierty. 

Consider first the proxy used fer C. There are three 

groups of property holders in a typical town: homeowners, 

landlords , and business properry holders. There is no data 

ava.ilable whi(:h can tcl.l us the number of landlords and busi­

nass property holders relat~ve to the total population of a 

town. However, we do have di3.ta on the relative number of 
; I 
j 'I 

homeowners. If we assume that landlords and businessmen are 

either (l} not voting residents in a town and, thus, excluceC. :.1 
from the base population; or (2) voting residents who also 

'. 
cwn their own homes and , thus 1 included already in the home 

owner::;hip data; th~n we can use home ownership· data by it- . \ 

self to reflect property ownership in a town. Followi::;,g 

this reasoning, C was set equal to the number of homeowners 

in a tot,i.;n diviC.ed by the total population in that tm-m; if 

the above assumptions are reasonable, then, as C i.ncre:ases, 

the relative number of p:?:"operty mmers in a town should also 

increase, and property-related factor s should bec0me incre~s-

ingly important in establishing the town bt:.dget. It should 

be noted here tha~, as a result of some interesting charac­

teristics of water pol lution ab~tement expenditures , the ex­

pected sign of C is unclear . As I suggested in Chapter 2, 

Both the benefits and the costs of water pollution ~xpendi-

tures depend upon whether or not t~e ind ividual owns property. 
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·: .. , l: c;t_·o.cu.ta::·, if the expected. proper+:y value increase gener­

,.::., 1. 1:.~r~. hy the wat2r pollution ab.atement expendit.ure exceeds 

· t~;.~~ f?~:pected property tax incr~ase used. to f.inance this ex­

;:.:•. •ndj..ture, then '·Je would expect prope?~ty O--.h"nership to be 

!Jl;::-;.U:ively related to expenditure levels / converseJ.y 1 i:!: t.t:.e 

b}.:-: effects dominate, we would expect C t.o be negative. 'l'hus, 

the econometr:!.cs generated ir. this study sb.ouJ.d provide an 

a•:-sessment of the relative strength of these two effect3. 

The variable MIS is designed to captur:: the intensity 

of preferences of property owners and, thus, is included only 

ir. ·the interest group based regressions. The usual approach 

iz to use the percentage of all residential property i~ a . 

town as the basic interest group variable1 3 this approach as ­

sumes that, as the percentage of !:'esidential_p.~operty of a 

tc•,;n decreases, the proportion of any prop-:::.rty tax increase 

generated by shifts in government expanditu res which will be 

absorbed by vcting residents also decreases. Thus, the 10wer 

the percentage of residentia l property in an ar2a, the smaller 

wi l l be t..l-t€. co::;t3 of gover:iment e:q.;ansion t:o •1oter!?.. R.esi­

dential '9roperty in this conventional formulation ccnsists 

of both home owned i1!1d rental ho~sing. In this Htudy, I 

have excluded renters fron the property interest grou?. MIS 

3Glenn Fisher, "Interstate Variatio!: iri State a nd Local 

Governi"!lent Expend i turcs", Na tiona l Tax- Jour~al, Vol. XVII, 

No. 1 (March, 1964), pp. 57-74. 
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i..s instead set' equal to the percentage of the tot.al val'..:e 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 information (vi~. what group do I 

belong to?) and the costs of participation~ Only if the ex-

pe:cted loss from an adverse vote is g-reater than th-: sum cf 

these two costs will voters form a viable interest group. I 

would argue that (1) the costs of ir.formation are higher:- to 

the renter than to the owner, given the more indirect nc.ture 

of the tax increase on rents in the case 0£ the ~armer; and 

(2) expected losses from tax increases are srnQller to the 

renter than to the owner. This latter effect is attritutabl~ 

to the fact that it is only ir. the lonq rill<1 that renters pay 

the tax incr.:?..Sei the long run being defin<~d as tho:= time it 

takes landlords to leave the area. This may be quite lo~g 

~ndeed. Thus, in thi3 study, £enters are excluded from the 

MIS variable on the grounds that their expected interest 

group participc-_tion is considerably lower than that of home ­

owners. It might be !loted here that se·.;eral stud ies of cc:a-· 

munity reactions to new tra nsportation projects found o. si.'T,i ­

lar difference in the propensity of rer.ters and homeowners to 

4join in~erest groups. 

4Bruce Bishop ~ Clarkson Oglesby, ant Gene Willeke, "Com­

munity ~ttitudes towards Freeway Planning'', in Highway Re­

search Record, ~Jo . 305 (Washington, Highway Research Bea;:- (~, 


1970), pp. 41-5~. 


I. ! 
j 

. ' I 
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Th~ organismic an<i a<lding ~a.chine models of the state 

are distinguished by the inclusion in the former model cf a 

variable wI'..ich is intended to reflect the level of political 

rivalry in a town. In the Fenton analysi.s and in sub~equent 

work on political competition as a determinant of expendi­

ture levels, political competition was defined along party 

lines. That is, the proxy variable was a ~easure 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 considerin; are nonpartisan; moreover, even in those 

elections in which party politics operate, issues are suffi­

ciently local that party affiliation is not critical. In 

this study, two alternative specifications of political ~cm­

petition are used. 

First, I defined political cornpetitio~ as the ratio o= 
actual turnover in elected town officials to the maximu.u 

turnover possible during the ten years prior to the pollution 

expend i tu.re decision. Thus, if a taw!1 m~~·o:::- serves a two­

year term, the maximum turnover in our study period is 4. 

The POL(l) term in regressior.s 3 and 4 thus vari8s frc~ zero 

to one, with higher values signifying more competition. If 

our hypothesis on the nature of the decisicn process is cor­

rect, the coefficient on this va=iable sho~ld be negative. 

The POL(l) variable de.scribed above, however, is some­

what inadequate: it. does net diff.erentiate between towns in 
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which an ir.c1:.r:lbent wins an election unopposed and '::lne in 

pwhich he:- wins only after a hard battle with some politice.l !: 
challenger, even though the implicit competition in the two 

casas is suite different. This is a probLem similar to the 

one faced when we. use simple ccncerltratio:u ratics in Indu.s­

trial Organization as a measure of market power. Th?.t is, 

we can measure only the extent to which fi.rms successfullX 

challenge market leaders, and ::-iot how hard they try. As 

. 5 ".. .LBain inaica-i:es, this latter aspect may well exert a strong 

influence on the extent to which market power may be used. 

Similarly, I would argue that the existence of active chal·· 

lengers in political elections restrains the budgeting ~e-

havior o.f the incumbent, even if these chal lengers have b~en 

unsuccessful in the past. Th~ POL(2) varia ble, in equations 

5 and 6, is an attempt to deal with this i .ssue of potent.:.al 

competition. In this variable, political competition is 

measured by the plurality of the elected town official in the 

election prior to the exper.d.:.ture decision.. Thus, the higher 

is POL (2), tbe lcwGr the fOli t.ical competition; the o::..·iginal 

hypothesis suggests that POL(2} should have a ~csitive coef­

ficient. 

Using econometric evidence to differen tiate among the 


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


5Joe Bain, Barriers to New Ccm?ctit1or_ {Cambridge, Ha::::-­

vard University Press, 19~6) , Chapter l. 
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The models are all quite complex, and the sample s:i.ze in this 

stady ·is, unfortunat.el.y, nL~t very large. ':i".!°l'..lS, I believe the 

real test of the validity of each of the models is to ba 

found in their interr:al consistency, and t!::e extent to which 

they mesh with our priors. -Nevertheless~ some L~fQ~m~tic~ 

is provided by these regressions on the vic:;....bili ty o f e.lterna­

tive decision models; . the results are more interesting, how­

ever, in terms of what each of the models predicts ccncernin; 

the relative importance of various eccno~~c and demogr~phic 

variables in water pollution expenditure decisions. 

The six eq-;J.ati0nR bel0w t.-1er.: esti.:-:iateC. by cr.r:!inary 

least squares. Two specifications for poli.tica:!. co!!lpe~ition 

are p.t:ese~ted. 

All of the variables in the six regressions are cf the 

right sign, although several are not sic;nifii:::an~. Sta:::idard 

errors are provided in parentheses unaer tc_e co0ffic~ents. 

A list of those variables which are signifLcant at the .05 

level is provided in Table 3. 3. Several interesting conclu­

sions emerge from tho::se estimates. 

The first question posed in this study was the extent 

to which ccnun:l:.ity preferences, as reflected in the econcmic 

and demographic variables defined, account for interwun : ci­

p3lity variance in wate r pollution abate~ent expenditures. 

The estimates provide d in the six equations below sugge st 

that slightly more than 35 percent of th:..s intertown varia.nce 
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.. . ... · -···~~ ----

. ·- . .. . 
'1'/\BLE 3. :-! 

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

~uati~ D N s G T c MIS POL-1- y - ·- - - - - --- ---- R2 

1 

D - lJ-1 2.1967 -.5039 .1119 .0654 -.4733 -.0115 -2.010 .4008 
.. 
·~..~. (. 7981) (.1137) (.0577) ( . 1789) (.2244) (.4309) (.8525) 

----- ·­
2 

I •• M-1 2.€222 -.4744 . 0904 .0836 -.5327 . +.3556 -1.7124 -.3879 ~4142 

(. 8892) (.1167} (.0610} (.1794) (.2307} {.5486) i.8948} (. 3597 ) 

--- ·-­
3 

D - 0 2. 21·i1 -.4915 .0939 .0512 -.4721 .0838 -1 . 91 36 -.19 97 • 40:3'/ 

(.8010) (.1150j (.0619) (.1803} (.2251} ( . 4474} (.8631} (.2424) 

~..&..-..:...-:;..... . -
4 

I - 0 2 .6372 -.4631 . 0727 .0695 -.5307 . 4440 -1.6220 -.3828 -.1952 .4217 

(.8924) (.118 0) (.0648) (.1809} (.2315) ( .561 3} (.9048) (.3610) (.2421) 

----· 

r.-: .•• • .-. .-•· 

I 
.:J» 
i-' 
I 
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- -Equations y D N s G T c MIS POL R2 

D 

5 

- 0 
·~ :·. 1 . 4796 

( .8218) 

-.37222 

(.1222) 

.14266 

(.0568) 

.14667 

(.1746) 

-.41963 

(.2162) 

-.17190 

(.4183) 

-1.3307 

(.8651) 

Ll225 

(.47ifi) 

.. 4607 

I 

6 

- 0 1.9738 

( . 8807) 

-.32422 

(.1252} 

.11739 

(.0558) 

.16439 

(.1739) 

-.49228 

(.2195) 

-.29049 

(.5212) 

-.89225 

(.9070) 

-.50196 

1(.3442) 

1.2107 

(.4704i .4827 

~~~~~~~~~~~-·--~~ 

I 

Ol 
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Variables Significant at 
· ·• ll .5' Leve1 

, 
.L. 	 Inco~c 

Populatio~ density 
River miles per acre 
Other govt. expenditures 
Homeowners per pop . 

2 	 Income 
Population density 
Other govt. expen~iture s 

3 	 Income 
Population density 
Other govt. expenditures 
Homeowners per pop. 

4 	 Income 
Population dens~ty 
Other govt. expenditur~s 

5 	 Population density 
River mlles per acre 
Other govt. expendi tures 
Political competiti on 

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

' .-.:. 
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can ba explained by this set of preference variables. Th~s, 

despite relatively stringent federal r egulations and stan­

dards, individual towns retain significant flexibilit:y i:i 

determining their se'..Ya.gs trE:atment plant e:;;;pendi tTces. 

Consider now the relat"ive importance of each of these 

preference variables. 

From t:.he perspective of the cveral! thrust of this 

study, the h i gh and ~i -3nificant per capita incom~ coe::ficient 

is particularly interesting. Since the functional form of 

the equations is log-log, the income coeff~cient gives the 

income elasticity of water pollution abateGl:ent expi.=nditure. 

Thus, the results suggest an income elasticity of per capi-;:a 

water pollution abate~ent expenditures of between two and 

three; if a town has a ten percent higher &edian in.ccme than 

a second tm·m, it is ceteris paribus likely to spend b~tween 

20 and 30 percent more per capita on water pollution abate­

ment. In all likelihood , then, and contrary ta recent hy­

potheses, 6 water pollution expenditures do not increase be­

tween-town real income differentials. Lower income to~ns 

can and do choose lower water pollution abatement le-vels. 

A second preference variable is the dLstribution of 

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

6 Nancy Dorfman, Who Bears the Cost of Pollution Control? 
(Washington, D.C., Council en ~nvirohmental Quality, August , 
197 3) • . ...... . 
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four regrest:iions indicate that the percentage of voters i.n 

a town who are also property owners has a negative and 

large effect on the level of sewage treatment expenditu.:--?.s 

undertaken by that town; the esti..-r,ated ela:;t:icity of t:iese 

e.Apendi ture::s with respect to property ownership is be~ween 

1.5 nnd 2. The negative sign of C suggests that political 

leaders b e lieve that property owners a r e mere sensitive ·to 

tax increases than to any property value increases resulting 

from river in~rovement. It should be clear here that this 

coefficient is a measure only of the political perception cf 

voter preferences and does 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 specifiC'ation~. T!1is suggest3 that riverside to;..ms 

which anticipate high potential benefits from clean water 

are most willing to pay for that clean-up. 

Three variables were used to represent technical con­

straints on water pollution abatement expenditures: popula­

tion density, waste discharged, and program contributions by 

fed ~ral and state government. 
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F.opulatior. density is r!eg·ative and si.gni ficarn: in alJ. of 

the equations specifiee; a 10 percent inc~ease in population 

densit:z produ-::es approximately a 5 !?ercent: decrease in per 

capita expen.i.iitcres. This resl!lt is cons i . .ste:r..t with the 

hy:i;:othesis that economies to scale exist L'!'\ the. provision of 

certain public goods. The technical sngi~ecring lite=ature 

suggests that these density effects are particularly iMpor­

tant in the cons t:ruction of inte:::-ceptor pi..~pes, which consti­

tute a. fairly significant segment of the total sewage treat­

rnent plant c osts. The negative elasticity suggests further 

th.at sparsely populated rural towns may well be dispropor"cion­

ately affected by federal water pollution legislation. 

Increases in the e:-:pendi tu.res by state and f ede~·al 

governr.ent on local water pollution abatement facilities re­

sult in a decrease in the price of those facilities to towns. 

As the estimates indicate, the effect of these increases in 

the share financed by other governmental w.~its is to decr.8ase 

the total tm·m expe!lditurcs on ~hese facilities. Since the 

elasticity of these expenditure~ is less than one, the over­
- . 

all effect of increases in federal and 3tate expe nditures is 

to increase the total (i.e. fe<leral + state + lbcal) sewag~ 

treatment expenditures, while simultaneous:y dec~e~sing the 

local share. 

The waste variable is not significant in any of the 

spacific~~ions. This may in part be a reflection cf problems 

of measuri~g this variable. 
I 

I 
i 
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MIS is ~n additional preferer~e variable used to dis­

criminate between the pure c'lemocra-:::y and interest g~oup 

mo<lels. While the (iariable is of the ri<;ht sign (viz. negc.­

• • +: • ....tive as is C), it is not highly sign1 .... 1cz.n ._. The inc l usion 

2 ­of thi& variable does, however, improve the corrected R o .:: 

our equation. Th~s, only very minimal support fo~ an inter­

est group model of local government decision making is pro­

vided by this study. 

Political competition seems to be a more fruitful a1di­

tion to the set of community preference variables. Both 

specif~_caticns cf pol itical competition are of the right 

sign: POL(l) is negative, and POL(2) is positive. Moreover, 

the second variable specification is quite significant. 

Thus, the work done here suggests that, unless politicRl com­

petition is fairly strong at the local level, community pref­

erences may be to some extent overridden by the growth pr~f-

erences of local decision makers. Clearly, the empirical 

results generated in this study suggest that additional work 

in tbe area of t:ie O!:'ganismic model of the state may prove 

quite fruitful. 

In surr.rnary, the empirical work in Part l of - thi3 study 

has ge:neratad tw0 prir..ary conclusions. Fi::::-st, co!!'.munity pref­

erences de expl~in a significant part of the int~!:'mun~cipal-

ity variance i~ wat~r pollution abatement expenditures. In 

particulai~ ~ town income levels, proximity to the river, and 

J -67­
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the dispersiori of propert.::r· m·me rship are the t:tr~e most im·· 

portant of these pre!erence variables. Seccndly, the extent 

to which these preferences are reflected i!1 buug~tary deci­

sicns is a function, net only of technic3l constraints a~d 

feeleral rt:quirements, but als-o of the lev~l of political cc.r..­

petition in an area. 

The estimates ger.erated above •.1ill serve: t";.;o ad.di ticnal 

functions in the second part of this study. P:.rst, giv-en the 

successful perfor!nance of the political c 1.:;r:-.petltion +:crm in 

predicting expenditure levels, I will atter.lpt to u.se this 

variable to explain the clif ferences in cll8 ~echanlsms chosen 

by different municipalities to finance their pollution abate­

ment expenditures. In particular, in Chapt2r 4, I will con­

sider the extent to which ~oliti~al ~oropetition encourages 

the use of expendit.i.lre substitution as opposed to increa.sed 

property taxation as a way to finance new water pollution 

abatement programs. There is a further use to which the es­

timates generated in this first part will be put. In particu­

lar, in Chapter 5, I consider th~ extent to which an iDji­

vidual's willingness to pay va;.:- i e s with income , property own­

ership, and p:roxiaL ~y to the river. By corr.paring the <.iemand 

elasticities generated by this icdividual benefit survey with 

the elastici t ies provided by the cross-sectio~al town da~e, a 

pr imitive s~:1s~ of the extent to which cc::-.::-.uni ty pr2fe1:"ences 
-

are correctly ?~rce.ived in the politic~l p=ocess is provi~ed. 

J 
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PART II : 

The Incidence cf Costs and Benefits 

of Water Pollution P...bateme~t 

· j 

-l 
I 
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4. 	 'l'ht!. Distribution· of Municipal Costs of Water Po'llntion 
~A·b·aterr"nt urogr-1m .... l' mona -1·=::"C-;:.,,,.._-, ·,1 aa·.::..o '" _._....:_ 	 - i.h;;,1 4 • \. ~ (; 1.L~ .h.la •::: .l. t:..1..:.1,_\:::_ _:-~ - _.:::. 

In Part l, Chapters 2 and 3 , of this study, I exa'llined 

the determir..a:its of i:1termu1~icipality var.i."1nce ir. sewage 

trea~~ent plant expenditures. In this chapter and in Chap­

ter 5, I consider the effect of these expenditures on the 

distribution of .income in the study area. .1 
t 

. : ;~.' 



4.1 	· Fin<mcincf Methods Used: :A'ssumptions· and 1-~stimate s 
----~---·-

In order to determi~e the incidence of water pollution 

expendit.ur~s among income classes, we must estimate, not only 

the absolute level of those expenditures, but also the way in 

which these expend.itures are to be financed. Previous 

studies on this issue have •"lssumed that such expenditures are 

finan-.;ed exclusively from property tax increases; 1 clearly, 

making this assumption is a second best approach to the inci­

dence question . In this s~udy, I attempt to determine the 

source of pollution abatement funds more precisely. 

As discussed earlier, local governments have two basic 

methods of raising funds for new expenditures: they can in­

crease the property tax, or they can redu=e other expendi­

tures. The choice between the two has i~portant i~plications 

fer the way in uhich incidence is analyzed . If the tota.l 

penditure is to be financed via a property tax increase, 

then net incidenc.8 can be found by comparing the distribution 

of property taxe.3 amo~g inccme classes witb the distributior: 

of water pollution abate~ent benefits. If, on the othe~ 

hand, the nm·r expenditures ar e to be made at the expense of 

some old exper.diture 1 then incidence depends on tne distri ­

butio:i of benefits from the now foregone expen<liture. 


1See, fer ex.:-.M?le, Nancy Dorman, "Who Pays for Water 
· Pollution 11.batemer.t?", a PIE- C sb1dy , 1973 . 
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Strictly .s.peakj_ng, it i~; inappro~riate. ~1imply to look 

I 
at what happens to town bu..:!gets once t :rw ne:w pollution abate­

rnent expenditures arc introduced. In.stead,. the actual town 

t budget should be compared with what we :0-eli.eve the budget 
l 

i would have been in the absence of pollution. ex!:Jenditur~s. 

l Ir. more techr1icci.l terms, the p!:"imary emphasis should be with 
t 	 ? 

differential rather than specific incidence.­

I 	
' ( 

In the absence of a reliable crystal ball, we are forced 
t 

' 
 to estimate differential incidence indirectly. Two comple­

i 	 rnentary esti~ation techniques are used in this study: the 
I 
l 
l hypothetical budget method and the analysis of variation ofj 
l 
l 	 town expenditures technique. Explanations of the operation 

f 	 of these two techniques, as well as the results generated by 

applying ea.ch technique 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.l The Hypothetical Budget Method 

One techn:..que for_estir.tati:lg differ0ntial _incidence is 

to co-:n;;a~e the actt:a~ with-pollut.ic:l e:x;i~nciture t.:,wn budge t 

with a hypothetical budget ccnstruct::J 21ssuming that no pol­

luticn abatement expenditure occurred. In this st~dy, this 

hypothetical. b :.!C.get is constructed by extr::?.pol~ting the 

2For a mo r e detai led treatment of the diffe rences be­
t'...1een c1 .i.f f :=:~e !! ti_.::·tl. and speci f ic incidence; s e e Ric ha r d Mus­ ' ! 

-grave, Th e ~h~cry of Public Finan~e . (New York, McGraw Hill 
Book company , .Lnc-:·~----~ ~ 59 } , 211apter :o . 
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i'lis.~ori~al tax and expenditure l~vels of study towns accord­

ing to ecme assmnpticns about budget growth .rates. 'l'his as­

timated public budget is then cornp::!.red with the actual bucget 

to tli.::ter.nir..e the ;;;ource of pollution abater::.ent. funds. If 

~ctual 2pendi11g for non-pollution abatement control items is 

~qual to or greater than forecasted levels, then wa will as­

su.~e that expenditures are not being curtailed, but instead 

that pollution contrcl is being property tax fina~ced. Con­

versely, if actual spending is less than the forecast, wa 

will conclude that spending cuts have been made. This pre­

cess prov ides an estimate cf the extc:nt to which a town r e­

lies on tax increases or expenditure si.;,bsti~u'!:.ion tc fina1:ce 

sewage treatment; thase source-of-funds estimates can then 

be used in conjunction with previous work on tax and expe~di-

ture incidence tc allocate pollution abatement costs among 

income classes. 

Clearly, the results generated by this technique de­

pend heavily on the choice of assumptions made about the 

c;rowth c v.:= r time in town taxes and exr:er:.C. i tures. I·:ence, in 

this stud y, two distinct growth pa th as31.imptions are made in 

order to illv..~inate the ranqe of possibil~ties. ­

!n most of the towns in r!cw England, school expend itures 

are decided s eparately frcm other town sxpenditu=e3 and are 

presented to t o•,,·n officia ls as s i ven. Thus: in thls study, 

educational: e:xpenditures are net t.?:"eate<l as a potential source 
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of oe:w pclluticn abatement. funds. Instead, I assu!.led that 

these expenditure~ •,;ere ~x0;·enc-us to the t=~·:.. l:yc.;:getary tle ­

cis:_on. 

In developing this incidance an~lysis work, data from 

two large tm•tfH:i in the bas in area wa::; used: Nashua 1 New 

Hampshire and r.ec;::ins te:;:, Ma~:s.:-.c r:u se-t:ts . E • .::i th towns f inanc(?d 

new water pollution treatment facilities in the 1960's, and, 

thus, budge~ data is availa0le for both the pre- and ?OSt­

pollution expenditure periods. 

I n Table 4.1, the actual and hypothetical budge ts zor 

the two tow:1s under consi.C.2ration are presented; ir. lines 

(11) and {12}, estimates of the percentage of new water pcl­

lution ·abatement funds financed through property tax increase 

are provided. The hypothetical budget, lines (7) and (8), 

was constructed •.mde?:" two alternative speci.fications of town 

budget growtn paths. Assu.1:1ption 1, terr.:ed the conservative 

path, posits a yearly growth rate in the relevant expenditure 

category eqi;al to the average annual g:cowth r _ate in the year~ 

prior to the pollution expendit~re (1960 fer ~ashua , 1~64 for 

Leominster). '!:his assumption yields a growth rate of 6.25 % 

in Nashua a nC. 6 . 4% in LeoBi!lster. Und2r Assu!.'.ptfon 2, tax 

and expendi~ure growth rates are set equal ~o the weighted 

average of growth rate s in years prior to the pollution ex­

penditure, v:t.,~re the weights are highes t in the most recent 

years. Th.1.:s'. assl.U"Tlption generates a growth rate of 5. 8 % in 

Leominster ar.d 9.93% in Nashua. 
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..~lTABLE ~.la 
1 .!· Budget Data for Nashua,· N.H. 
1 
..:. 

Expenditure 

ca tes..Q.!..l.:,: . 


l. 	General Revenue 

2. Property Tax 

3. 	Education Ex­
penditu.re 


4. 	Treatment 

Facilities 


5 . G.R.-Ed. Exp. 

6. 	Percentage In­
crease 


7. 	1Conservative 

Growth Path 


8. 	Liberal Growth 

Path " 


9. 	Actual minus 

Ex pected-

Conservative 


10. 	Actual minus 

Expecte d -

Liberal 


~ 
11. 	Percent Allocated 


to Property Tax­ • 
Conse rvative 

12. Liberal. 
I 

-':f. 

1953 1954 1955 1956 19'57 1958 1959 1960 1961 1962 1963 . 1964 '1965 1966 1967 1968 1969 

3099 3123 3171 3291 3477 3826 4101 4861 5175 6171 6498 7240 7467 7864 8130 11030 11062 

2523 2580 2579 2770 2993 3235 3457 4027 4140 4837 49 38 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 256w0 257.7 260 . 3 261.l 262.7 26 .1. 4 

1989 1978 2090 2984 2101 2297 2469 2991 3108 3908 3895 4384 4212 42A2 4251 6225 6738 

-.56 5.6 -5.l 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 

I 
I: 

-180 +294 -78 +17 -589 -1036 -1551 -154 -276 

' I 

0 100 . 100 100 63 0 0 . 100 100 

0 100 0 7 0 0 0 0 0 r'. 

~ I 

r 	 ' ...... 
,, 	 ~ 

• 

!. 
- -· 	• t 
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Expenditure 
Ca te~ 

1. General Revenue 

2. Property Tax . 
..: . 

3. 	Education Ex­
penditures 

4. 	Trea tment 

Facilities 


5. 	G.R,-Ed. Exp. 

6. 	Perce ntage In­
crease 

7. 	Conservative 
Growth Path 

8. 	Li be r a l Growth 
Pa th 

9. 	Actua1 minus. 
Expected­

·c onse rvative 

10. 	Actual minus 

Expected-

Liber a l 


11. Percent Allocated 
to Property Tax-
Conservative 

12. 	Liberal 

~ 
Ul 

TABLE 4.lb 

Budget Data for Leominster, Mase. 

1963 
 1964 
 1965
1962
1961
1960
1959
1957 
 1958 


3635
3508
3414 


2189
2097 


1344
1284
1221 


' 2291
2193 
 22~5 

3.001.46 

' 

6068 
 7313 


2286 


5718
5126
4976
4507 


2954 
 3818 


2437 


2647
2507
392 


1842
1800
1569
1509
1435 


99.7 


4876 


77.8 

4225
3918
3557
3467
3071 

I 


10.15 


4169 


12.89 2 . 60
34.00 

4436 


4147 
 4391 


440
56 


485 


' 


78 


100 


100 


72 


100 
' 

1969 .
1967 
 1968
1966 


7702 


3785 


2637 


103.4 


5064 
·• 

4720 


4649 


344 


415 


100 


100 


8472 


4125 


3008 


131.5 


5465 


5023 


4922 


442 


543 


100 


100 


8924 
 8806 


4479 
 5131 


3437 
 3919 


162.0159.3 

4886
5487 


5687
5345 


.5211 
 5516 


-801142 


276 
 -630 
' 

89 
 0 

100 
 0 

1970 


10547 


6236 


4676 


162.8 


5871 


605.2 


5840 


-181 

31 


0 

19 


ott~•·•"'"fo\"I 

'Ii;; ­ - .. ~.~,~ 

I 



The estimatss prcvid.ed by applying the hypothetic2l 

budge't method suggest that at least some portion of water 

pollution abatement expenditures are financed throug~ expendi­

tu:::-e cut .backs. '!'he e~timat·.es further suc;gest that the p~c-· 

pensity to f :i.:nance new· water pollu.tion abo.::ement ,:n:pcnc.:.. t.u:r.,2s 

through prope.n:y tax increases varies consi.deranly acres-:: 

tot·ms. In particular, LeoTI'!inster depends almost exclusively 

on property tax i::icreases; Nashua relies somewhat more heavily 

on expenditu::e substitution. The absence of a.dditi on'il his­

torical data on water pollution abatement financing for other 

towns in the study area makes a systematic .analysis of the 

determina.r.ts of this variation in funding r:;..-ethcd difficult.. 

Nevertheless, some infcrnation may be glear..cd from the rela­

tive attributss of the two towns for which budget data is 

available. 

Leoni~ster has hist:ori.cally had a somewhat higher ef­

fective property tax rate than has Nashua; clearly, this re­

flects the tendency in Nashua to use expendi~ure su~stit~-

tion techniques, rat~er than property tax ~~==eases. The 

median inccme and education levels in the two to;ms are quite 

similar; thus, ~either of these demand-for-public-se=vice 

variables gets u s yery far in explaining funding v.:i.r.iance. 

:n Part 1, I sugg~ste<l t~at political competition might r.elp 

to explain somz of ~he inter-town variation in ~he levels of 

expenditures ()n water pollutio.11 abatement. In fact, the 
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hypotheo~s gerisra~ed in Part 1 of this study--viz. that 

strong politi::?..l competition b.e.lps to kcc::p expenditc.r1~ levels 

low--i!: at least consistent with. the Nu.shna, Leomir.s~er p.:~t-

terns in funding water pollution efforts. In partic'.llar, d:.4r­

ing the period under stu<ly, Leomi.nste:r.--~·.·rd.ch depende d. h8~::ily 

on propert.:y tc:.x :'-ncreases--had. a lower lev·el ot politi<:al c0m­

petition, as raeasured by plurality itl elec~ions, than die 

Nashua. Once again, the conclusion that political competitio~ 

affects the e:{tent to which towns will rely on propE::rty ta~c 

increases as the primary source of water po:lu tion abatema~t 

funds mus-t be regarded at this point as highJ.y tentative: 

further support of this proposition depen&s on a ccnsid2rably 

more comprehe~sive data set. Nevertheless,, the concl.usi0n, 

through tentative, does suggest that furthe~ wc~k ir. this 

area may be fruitful. 

Before the i.rr.plications of uzing expen~iture substituti0n 

as a means to raise new water polluti~n abatement funds can 

be explo:::ed, the: types_ of expi::n(!i":-;,ires which are !i.c:::t lik2ly 

to be reduced in response to these new poll~ti0n a~a~s~2nt 

requirements must be determined. In the ~ext section, some 

-
work i& done on this question through an analysis of varia­

tion in town expenditures . 

4.1.2 	 Which S:-cpsr:c i.t·.;.~ es are Rt::C.::.~ed? 
in Town ~x9~nd1ture s 

Given t ,he ?reposition that some portion of ne•;.; \.;a~er sol ­
.. ..... 

lutio~ abatement fund s are financed through reducticns in 

I 
! 
1 
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other local e~<pe.udi.tures the distributiona-.l implica ti.ens of1 

this £undi11g SO\.i.rce depend on which exf,'cndih!r:a categories are 

in fact reduced. Clearly, financing water pollution abatement 

through reductions in public welfar~ expenditures l~a.s radically 

different distributional consequences tha~ equivalent financin g 

accoraplished via park and recreation expenc:iiture reductions. 

In this sec-ticn, a preliminary attempt is !"Lt.3.de to specify the 

type of expenditure substitution which in fact occurs. 

Diaaggrega ting expenditure substitution is done, in this 

study, in two stages. First, I cor.s iC.er t:1.e c:-:tent to which 

particular town expenditures vary, both within towns eve:. time! 

and between towns in any giver. time period. I assume that hig:!:: 

local exper.dit~re is viewed as a luxury by the town. In short, 

the greater the betueen-tm·1n, or across-time var iation in ex­

penditure levels, the more likely it is that the exper.diture 

will be reduced in response to new pollution abatement require ­

._ 3men._s. 

In Step 2 of the analysis; the expendi~ure-s~bntitutabil~ 

ity estimates are refined sonewhat. In particular, we are 

ccnc~rned , net only with the extent to which particular ex­

pcndit.~res vary, but more importantly, with the extent to 

which these ex9enditures vary in responst ta a particular 

stimul.5.--viz. ir.c:::-eased burdens Cl! the town budget. In 

3 ' . . l' . 1 hTru.3 .argun~2nt imp ici t. y assumes t at. cross-town e:~-

penditure d1fferenti~ls reflect primarily demand differences 
rather than cost di~ferences, or , raore ~or~ally, that marginal 
value product functions vary more across to~ns than do oppor­
tunity costs. 
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investigati'ng this issue, I depend heavil;!l on pre•rious worJ< 

dcne in public finance on the detern;ina!'"rt!:> of variation i.n 

town exper;ditures. 

Ar.alysis of the budget data for the towns in the Herri­

mack study area suggests that the fou= ffiost variable expendi­

ture categories (excluding education) are f.ire, police, high­

ways, and parks and recreation. All four expenditure cate­

gories .exhibit a high degree of variation both across tmms 

and over time. This result is consistent with similar analy­

. 1 4ses d one previous y. 

Of the four categories 0£ expenditures listed above, 

which are most likely to shift in response to new pollution 

abatement requirements? Highway expenditures can be eli;:ninat.e~ 

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 remaining three, park 

and recreation expenditures seem to be most highly related to 

economic attributes of an ar.e~, while police and f~re run a ­

4See, for example, Roy Bahl and Robert Saunders, "The 
Determinants of Changes in Stat2 an6 Local Gcv2r~~~ent Ex­
penditures", in The National Tax Jou=na l , Vol. XVII I, No. 1 
(March, 1965), pp. 50-57. 

5see for exat'l'"' l -=> r R Gabl'"'r -·1d ..,.,..,:::.· ..... r ""C'.'•· " '"· - ·-·- ­. f .. · ·-~ \.;; I """-'• • • ~ Cl~ •..J-·-.L Z - c.;.=.1....1 -••-t:.::..L '"­

Sta te Va:!:"ia tion in Per Capl ta Hi ghway E:..:per..ditur 2s" , :-;=. !:i,_:-r:al 
Tax Jonrnal, Vol. XX , No . l (March, 1967), pp. 7S-85i arn:l ­
John Weicher , "Aid , Exper.di tures, a nd Local Gov.::rnn.cn t Stn.:.c­
tures", National '!'.::.x J ourn o.l , Vol. XXV, No . 4 {December, 
1972), pp; 573- 584. 
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Th.us, we can conclude first that some 1.expenditure Si.lb­

stitution does occur in response to new federal water pollu­

tion ab;.1te~ent requirements, a.nd, second, t..'1at thiE sul:.stitu­

tion is likely to occur most often in the areas of p~rks and 

recreation and cf public safety. The cost ~ncidence of water 

pollution abate:nent programs produced by the.se b:o conclu­

sions are discussed in the remainder of this chapter. 

4.2 Tax and Expe~diture Incidence 

Although the estimates gener.?.te d in Section 4 .1 of this 

study suggest that property taxes are not t..""-le sole source of 

funds for wate~ pollution ab~tement, th~se taxes nevertheless 

constitute an inpcrtant source of funds for municipalities. 

Thus, it is important to consider which income groups bear 

this tax. 

The property tax is a tax on four sepa:!:'ate kinds of 

goods: owner-occupied housing, rental prcpe rt:y, commercial 

and industrial property, and farm property. 

The conventional thecry suggest::> that, i.il th>-: lo:-ig run, 

taxes on residential property, b0th u .. 1:r.er-occ:.ipied and re!"lted, 

7 
are borne by the occupant. Occupant!: \J.Z. c·:;ner-occt:pied 

6otc0 Da:.:is a~-1e Geor0e Ea ines , n h :t'oli tical Applicati on 

to a 'l'i1ecry of !::= ubl i c Expe~::!.i '!:;1res ~ 'I'h e Ca .. s e of .L·iunicipe.2.i ­

ties 11, l n I·:2tiC"-.'1l Ts x Joi1rr'.?. l , Vo1 . X..t:X, !\'"c . 3 {Septembe r, 

1966), pp.-25 9 - 2 7~; and Ean l and Saunders, op. cit. 


7 . '.;. . 
C. F. · Richard Ke tzer, The Eco n·0mic s o f the Prope:r-t'[ 


Tax (Nashir.gton , D.C., Brookings, lS 6 6) . 
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hcusing tear th.~se tcu::.es in the short run d..S well. 'l'he 

short-run incidence of property taxes on rental property is 

less clear. In r,articular I trc:.ditional th<.~ory argues t!-1.::i. t, 

since supply .LS inelastic in the short run. landlord s must 

absorb the incremental tax. On the:: other hand, several peo­

ple have recently suggest ed that, in cligop clistic urb~n 

rental narkets, property tax~s may act as a signal ior land­

lords to raise rents immediately and, hence , shift 'the burcie!l 

of the property tax to tenants in the short run as well. 8 

If occupants do bear the burden of the residential 

property tax, then this portion of the new water pollution 

abate~ent funds would appear to be regress~ve. Housing has 

an income elasticity less t han l; thus, a property tax which 

is proportional to the value of property will rest relatively 

more heavily on low- than on high-ir.come people. 9 'Ibis re­

gressivity of the residential portion of the property tax is 

exacerbated by federal income tax laws. Homeowners can de­

duct property tax p~y:nents from their incoz~ tax; since the 

monetary value of this deduction depends on "the marginal tax 

bracket of the home0\~1ner , the ove!:"all ef::ect of the.3e laws 

8He len Ladd, "The Role cf the Property Tax" , unpublished 
paper, Harvard, 1973. 

9 rt shoul~ be noted that sc~e r ecent work disou tes this 
finding. If we use Frie dman' s ;errnanent i ncome ra~her than 
the usual re0ney income , hous ing ~as an incc~e elasticity so~e­
wha t larger. thw.n l . See 11 'tne D'2r.1and f or Non:!:arm Housing ", iil... 
A. Harbe=ger, The Dem~nd for D~rable Gocds (Chicago , 1960). 
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is r~gressiv-e. In Table 4.2, the effect of these ta:< laws 

on inc~easing the regressivity cf residential property taxes 

is ill1.•strated. 

The ir.c::iden~e of the portion of the property t.;i.x which 

£alls on commercial, industrial, and farrn re c?.lty is net 

quite ~s clear- cut as that on residential proferty. Trad i­

tional theory assumed that this part of the tax was similar 

tc an excise ta}: and , therefore, would be shifted completely 

10 on to the consu.Ir.er. It, too, was considered regressive 

since the marginal propensity to consume declined with in­

come. This assumption, however, has been challenged rece::t­

ly: the argument has been made that the tax on business 

propa~ty in analogous to a tax on income from capital and, 

there f orf~ , will not be tota.l:!..y shifted forward unless the 

11
business involved is a monopoly. Thus, recent work has at­

tributed cne half of the business property tax to capital 

and one half to ccnsurr.ers. 

Personal property, _the last objec t of the property tax, 

is, for the rr..os"t part, bnsiness machines and invent:.or~r. 

is assUi-r12d that this portion of the tax is shifted forward 

to consumers .. r:mch as any ex::ise tax. It, too, is reg~essive. 

1 ct. F. R.:..chc.rr.:: ~ :usgrave , "Th<:! DiEtr i;:;ut::.on of 'i'a x ?~1·­
ments by Inr;ome Group", in Na!:i<:>"'."t?.l Ta.x J~~nal (March, 1951). 

ii. : :::. Helen Ladd, ?P. ~it:. 
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T.~RLE 4. 2 

I!tcidence of Real. Estat2 T~xes 
Adjusted for Tax Deductions 

1960 

Property T2.X/ Adjusted for 
· ·Inc·ume Class Income T·ax Sa·J inc;s 

3 I Q.00 -	 4,000 4.46 3.57 

4,000 -	 5,000 3.72 2.98 

s,noo -	 6,00 3.34 2.67 

6, o·oo -	 7,000 3.15 2.52 

7,QOO -	 3,000 3.07 2.46 

8,000 -	 9,000 2.96 2.31 

9,aoo - 10,00C 2.89 	 2.25 

10,000 -	15,000 2.79 2 .18 

15,000 -	20,000 2.71 1.90 

20,000 -	 25:000 2.52 1.70 

25,000 -	 50,000 2.13 1.21 

Source:. 	 Dick Netzer, Economies of the Prot?erty Tax (Washi:-iq­
ton, D.C., Brookings, - 196 6 ), p. ~- Statistic.:: con--­
piled from U. s. :'reas'.lry De!Jartmcnt! Statistics of 
Inco:ac., Individual Income '.fax Returns, 19ti 0. Oniy 
ta:mble retu.:-ns ·;.;Ere used. 

,. 
. . ~.· · 

l 
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Table 4.3 presents the estimates of the incidence of the 

property tax derived from four major studie!3. It should be 

noted that all four rel.Y heavily on the shi..fting assum9tions 

described abc·1e and, th;;.s, should be interpreted with some 

c.::.re. 

In ·lieu of property tax increases, local goverr...11ents 

can choose to raise pollution abatement funds by reducing 

ether 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 o f variation in town expenditures done in 

Section 4.1.2 suggests that the prime targets for expenditure 

substitution will be parks and recreation and public safety. 
1 ' 

Expenditure incidence in general is somewhat more primitive ~ l 
l. j l 
I• 

than tax ir.cidence; in particular, estimating incidence re- l.\ I 
t •I 
; i 

quires a nurr~er of not altogether satisfying assumptions. ll 
Nevertheless, in the absence of anything better, the expendi­

: l 'l' ~ 
ture substitution analy3is conducted here n~ust re ly on the 

best of this work . 

In Table 4.4, estimates of the incidence of natural re­

source expendi t ·.lre3 b:-· local gov:;rnrr,e!i.ts ar:d miscellaneous ex­
-

penditures are pre5~r.ted. Miscellaneous expenditures is the 

most disaggregated b!'."2ik-dowr. available wh.ich covers the 

,·. 
: ·:.' 
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TABLE 4.3 .j 
~ 

~ ..Incidence of the Property Tax: 
Property Tax as a Percent of Family Income 

·.<­
. ,.. .,..•STUDY INCOME CATEGORY 

I 

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

l. Herr i ott a no $2, 000 $4, 000 $ 6 , 000 $8, 000 10 , 0Q.Q_ $15, 00 0 $25,000 $25,000+ 
Mille r ·~ ' 

8.3% 5 .3 % 4.3% 3.8% 3. 7 % 3. 8 % 3.8% 2.5% ~ 
.} 
;i 

-----------------------------------------------------------------------------------------------------------~--------------------- ; 
~ 

Under $2,000- $4,000- $6,000- $8,000- $10,000- $15,000- $20,000- $30,000­ · ~ 
2. Musgrave ' $2,000 $4,000 $6,000 $8,000 10,000 $15,000 $20, 000 $30, 000 $50, 000 $50,000+ .A 

6 . 7% 5.7% 4. 7% 4 . 3% 4.0% 3 . 7% 3.3% 3.0% 2.9% 3.3% "l 
.~ 

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

3. Tax Foundation $2, 000 $ 3 , 00 0 $4,000 $5,000 $6, 000 $7, 5 00 10 , 00 0 $15, 00 0 $15,000+ 
~ 

~ 
6.9% 5.2 \ 4. 7% 4.2\ 4.2% 3.8% 3.5\ 3.3% 2 . 4' ~ 

1 
--------------~------------------------------------------------------------------------------------------------------------------- ~i.. 

Under $2,000-.. $3,000- $4,000- $5,000- $7,500- \ . 

4. Gillespie $2,000 $3,000 $4,000 $5,000 $7,500 10,000 $10,000+ ·~ 
. ,·~ 

t4
._., 

"
6.0% 6.2% 5.8% 6 . 9% 5.2% 3 . 1' 2. 3% 

°:' j 

---------------------------------------------------------------------------------------------------------------------------------- :~·· 
r;~ 

' 
Sources: See following page. ·~:~ 

I 
~..t..... 
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1uerriott and .t-:il l er, " ":·he Taxes Wa Fay" 1 · Confe·r~n'cc 
Board P ·~cotd (Nav. 1971}; a.:rld ''Tax Ch:;;.ncr ·:~s ;,,mono Inccrr~ 
':;-;_---·:~- l' •-:\ i:-::::- ;.: 8 t\ - · • " ~ ., c:": • .. '!.:.t ; - 'P b•-' .......- *1"' l 9 7 ~ )I •l;:-CUp.~, :-v.:.- ... ~ , 	 _'l.,.,1n2~s •..or_zods. 1.• e .... u.a-y, _ L. 

Data frcrn 1961 Survev of Financial Characteristics of 
Consurners. 

Total .1...~come = mo~ey inco~e plus 

u:.-:.derreported mcney income 

imputed incc111e 

realized capital gains 

retained earnings 

indirect taxes (less transfers) 


2Musgrave, Stud.~· in progress. 

Data was obtained fro~ t~e Brookings rnstitution's 
Merge Fil8 cc:npile~l fro!Tl the !.966 Surle:~ of Ec:mcmic Oppor­
tunity and U.. S. Government 'ra;~ File . 

Adj i.;sted Fam.:i_ly Income = f nctor inccr:1e 
+ corporat~ profits 
+ transft:rs 
+ imputed re."lt 
+ wage 3Upplem8~ts 
+ insurance interest 
+ other acc~ued capital gai~s 

3Tax Founda ticn, 'l'ax B1,,;_·rcens and Bene.fits of Goverr.mer1t 
Exoenditures ";)v Ince.me Clas.s (New York, l~67J. 

Data cc~piled from Bureau cf Labor Statistics, Consumer 

Evn.=..,.,d ~ f-n...-es ,, ...... ,"! T!'}('(''M;.., su~vey o'f C:ons~-~er E:;""'.·:-ene!i t:ures l-=1ECT~
' =---~ ' -·· ' .1. l ..., .._..:_ 7• .. -· -· · -~-- f ~~ ------------ ­

!9~ l . (Bur~~~ oi Laber Statistics Repo~t No. 237-39) 


U. S. Depar.'tl.\~:nt of Cc;<..:Inerce, Su::-•.7sy of Current B 1..:s in9s s 

(Ju.ly, 1966), and 'l'ax Found.aticn ex'.+:.:.n:.3."t0s. 


Total rnco~e = income before taxes. 

4Gilles?ie, "Effects o f Public Exp~nditures on the Dis­

tributJ_on of Inc-o;·:·:e 11 ; i~1 Mt:.s·Jr3ve, Ess~1s in Fiscci.l Feder~ ­


ticn {Brook ing s, 1965). 


Adjus·~.:·~d !:r:come == 	 :.nccne + ber.E..:'..i.ts from government + 
transfe~s - taxes • . : :.;. 
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----------

TA.BLE 4.4 

The· ·rncide!lce of j_,ocal· Gcverruner)t: Ex'Den'd i tures 

. NATURAL' RESOU:KCES 

· IncoMe Benef i ~s a;:;· a % of Inccme 

Under $2,00G 6.2St; 
2,000 - 3!999 2.09% 
4,000 - 5,999 1.46% 
6,000 - 7,999 .96% 
8,000 - 9,999 .80% 

10,00Q - 14,999 .62% 
15,000 - 24,999 .44% 
25,000 + .37 

Source: Herriot and Miller, op.· citu 

MISCELLAi'lEOUS 

In.come Benefits as a % of Inco;:i,e 

Under $2,000 17.l % 
2,000 - 2,999 5.6 % 
3,000 - 3,999 3.1 % 
4,000 - 4,999 2.0 % 
5,000 - 7,499 1 . 2 % 
7,500 - 10,000 .7 % 

10,000 + .4 % 

Source: Gillespie, op. cit. 

TOTAL LOCl1.L GOVERNMENT EXPENDITURES 

·rncorne Ben'efits ·as a· % of - Income. 

Under $4,000 _ 27.1 % 
4,000 - 5,700 18.7 % 
5,700 - 7,900 15.8 % 
7,900 10,400 12.2 % 

12,500 - 17,500 7.4 % 
35,500 + 2.2 % 

Source: Musgrave, oo. cit • 

.... . 
. ···.: . 
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l?category of p·..:blic sa..fsty. - T::-....e ir..c.Ldenct oi total local 

govermnent e;~pE:nditur~s :.s a.lso p::-cvided. In Z!.ll three .:::ate. ­

gories, some regressivity is cvider:ced; that i~:, the poor 

benefit more t:han proFortionately f=c·m lcc~l go-vernrr.ent t::x ­

pe.r..dit'..lres. l-,.s WE might expect, given the inclusion of 

tra:-isfer pa~lments .ln the mj_scell.an.eous category, this c~tL~-

go:ry of expenditures appears sonewhat more regressive than 

that of natural resources. I suspect thatr if we ccnsicer:=d 

public safety alone, the ordering of the two classes o:E ex­

penditures would ta reve£sed. 

4.3 The Distribution of Costs Detailed 

On the basis of the analysis 0£ water poll1ltion abate­

ment financing sources, in conjunction with the tax a.:d ex­

penditure incidence work discussed above, an estimate of the 

incidence of pollution abatement costs reay ~e obtained. 

First, consider a situation in which tbe full costs 

will be financed through the property tax. In ~he M~rrimack 

River Basin, the costs of water pollution aba_tement prcgrar:ts 

which will be borne by local communities is $90,000,000. If 

we distribute the incremental pro;?erty tax req'.lirad by this 

new program in the same proportion as the original Husgrave­

13estirnated property tax, we end up with a distribution of 

incremental poJ.lution abatement costs as in Table 4.5. On the 

1 2xn addition to p~blic safety! the miscellau~ous cate ­

gory includes raar.pm,·er , pcstal services, co:-:tmer8ia l regula ­

tion, pt:bl'i'c . '..!°tili ties, an.:! transfer payments . 


113
Th.is rr.eth _0~,.:i1 irnp• l .ici. . t_y ass~es t h ~ t F=c~erty tax in-. 


creases involve no c~ange in th~ structure c~ ~3x rates. 


-88­



TABLE 4 .. 5 


The Dist~ibutio!t of Ccsts of Wa.ter Pollu+..:.ion ~c:.teraent 
in the Merrimack River Basin Assuming Full F~nancing 

b~{ the Property Tax by Towns 

Burden ~s a Percent 
· : ·of· Ann:.l'al IncomeInccme· Class 

2.0 %Under $2,000 

1.72,000-· 4,000 

1.44,000·· 6,COO 

1.36,000- 8,000 

1.28,000-10,000 

1.110,000-15,COO 

1.015,000-20,000 

.9020,000-30,000 

.8730,000-50,000 

1.0SO,OC0+ 

,.. . 
. : ·.'· 
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cost side, at least, water poll.ut.ion abate.'11.ent programs a::-e 

clearly regressive. 

Consider now the effects of supplemen tir.g property tax 

revenues with soffie form of ex9enditure subs~itution. Under 

the assumption of a conservative hypothetical budget, 64 per­

cent of the expeneitures in Nashua and Leominster are financed 

through property tax increases; the remaining 36 percent of 

water fOllution abatement costs are financed through selec­

tive expenditure substitution. Under assumptions of a more 

liberal growth path, only an average of 39 percent of these 

new costs are cove=ed by property tax incr~ases; f~lly 60 

~rcent ar:a financed through expe!!di. t ure cut backs in other 

areas. What effect does this have on the original cost dis­

tribut.ion? 

Two al te::-native i :.1cidence estimates ?.re pri:sented; or...: 

assuming conservative towr. budget growth, and a second assum­

ing a more liberal growth rate. In gene_rating the alterr.a­

tive incidence esti~ates, several additional assU!~ptions 

were made: 

l . The whole basin ar:.a wil l finar.ce wuter pollution 
abatement via the average scr.eme historically used by ~"-shua 
and LeoQinster--viz. alternatively 64 percent arid 39 percen~ 
financed through property tax increases. 

2. The expenditure substitution is divided equally be­

tween expenditur2s on natural resources, a proxy for r8crea­

tion and parks , and miscellaneous expenditures , a proxy for 

public safe;t:;;•. 


These two assumptions, coupled with the expenditure in­

cidence work d iscussed in the previous section, generate the 

-90­
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dlstribut5.cm of wat.er polJ.ution ab.3.tement costs given in 

Table: 4.G. 

Several •::onclusicns emerge from a comparison of Tabl.e~ 

4.5 and 4.5. First, given the types of expenditures ·,.1hich 

towns are most likely to reduce in response to water pollution 

abatement legislation, <~xpe:ndJ.cu;.:-e substlt.ut.Lon results in 

greate~ =egressivity of costs than does property tax financ­

ing. By and large, ~he distribution of fo~egone benefits of 

reduced exp<:?nditu::-es is more regressi,·e tha..:'":l is the property 

tax. Thus, pre~1ious st"..1dies which assum12d pur~ tax finar:c.ing 

of new water progran:s have, to sowe extent, u::1Ce!"estinated 

the regressivity of these programs. 

In terms of governmer:.t policy, the conclusions ger:..erateL..i.. 

here have further, more import.:i.nt, ir.lplicatior.s. 

lar, it is clear that the distributional effects of new water 

pollution abatement prograras are quite sensitive to the mech­

anism used to fund these programs. However, pravicus work 

suggested that the only real tool available for altering 

maldistributional ccr.sequences- was to alter the percentage of 

the costs of these p rograms .:inanced by local govern.'1lents. 

My results suggest that this is not true. In particular, ~~e 

distribution of costs of water pollction abatement programs 

may b.:! altered s.i.grlif ican-t:ly by local gover:nner..ts acting by 

themselves: they need only alter the ~ix cf currently avail­

able funding sources. This is an i mportant policy concl~sion 
~-. . . '\.-. 
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TABLE 4.6 

The. vistrib~tion of Costs of Water Pcllution AbatGrnent 
an the !11errimack, F.sslll7ling Financing Through 


Property Tax Increase.s 

and Selective Expenditure Substitution 


Conservative Growth Liberc-.1 Growth 
(64% Ficanced Through (39% Financed Through 

Pr.cperty .Tax) Prop er.ty Tax) 

Income 

Under $2,000 

2,000 - 4,000 

4,000 - 6,000 

6,000 - 8,000 

8,000 -10,000 

10,000 -15,000 

15,000 -20,000 

20,000 -50,00G 

50,000 + 

~·. . ·, .,,.. 

Cost as a % 
of Income 

3.4 % 

2.3 % 

1 .8 % 

1. 6 % 

1 .4 % 

1.3 % 

1. 2 % 

. 9 % 

1.5 % 

Income 

Under $2,000 

2,000 - 4,000 

4,000 - 6,000 

6,ooo - a,ooo 

8,000 -10,000 

10,000 -15,000 

15,000 -20,000 

20,000 -50,000 

50,000 + 

Cost as a % 
of Income 

4.1 % 

2.5 % 

1.9 % 

1.6 % 

1.4 % 

1.2 % 

1 .1 % 

.9 % 

1.6 % 
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since it plu.'ces at lea.st some respcnsibilit:_; for the maldis­

tributicnal rcault3 cf fede=al policy back into the hands of 

local gover~ments and suggests that cost distrib~tions nay 

be altered without furthe::i:- centralizing budget.~ry responsi­

bility. 

In Ch~pter 5 , the second side of water polluticn abate-

t:lent expenditures is co:::1sidered: the nature and distribu'.:ion 

of the benefits of water pollution abatem~nt prog~ams . 

.-. . : ..... ­
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5. 	 The D'istr·ihution· of· Benefits of· t·later: Pollutio:r Abate­
ment Among .i.IlCOme Classes 

The nat benefits which accrue to an individual from the 

consumption of x units of good y may be expressed as the 

difference between the amount that individt:.al is willing to 

·pay for that good and its actual cost. In more formal terrns, 

if the marginal utility of income is assumed constant over 

the relevant range, net benefits are equal to the cons~~er's 

surplus triangle. 

If the good under consideration is a private good, the 

derivation of this net benefit figure is relatively straight­

forward. Willingness to pay is equivalent to the area under 

the consumer demand curJe; t!'lis demand curve is in turr. es­

timateable from data on market transactions. ::::r. the case of 

public goods, however, estimating consum9r benefits is scffie­

what more problematic. In particular, since the full bene­

fits 	of the production of a public good are not appropriable 

through market transactions, meaningful dem.and curves are 

not in general reveal~d by ~arket behavior. Thus, some al ­

ternative approach to demand. or benefit :.teasurement is neces­

sary. 

Several rather diverse techniques for estimating the 

benefits of water ~ollution abate~er.t pr0grarns are used in 

this chapter. In Section 5.1, a fairly straightforward en­

gineering _ ~pproach is eescribed and appliee: here, benefits 

are estimated entirely from data on curren~ and expected 

http:individt:.al


river quality coupled with data on the proximity of alterna­

tive recreational facilities ~o basin residents. In Section 

5.2, several mere conventional utility-based techniques for 

estimating benefits are described; and, finally, in Section 

5.3, some ernririca.l results ge1rerated by the application of 

these t•tility-orientcd be.:-ie fi t estimation techniqt:es to the 

Merrir.lack River Basin are reported. The estimates of the 

incidence cf water pollution aba tement bene fits ge nerated by 

this latter work are contrasted with the cost estimates of 

Chapter 4 to provide net incidence figures. 

•i 
I 

'j 

' l1 

'! 
I 

' .
i I 
i 

i·I 
. I 

~·. . .... 
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The objectiv·c benefits which will accrue to residents of 

the Merrimack River Basin from current water pollution sf-

forts depend primarily on three factors: 

{l) the current river quality; 

t (2) the exp€cted futu.re river quality giver. the currentI 
abatement efforts; and 

I (3) the quality and quantity of other water bodies in 

the area . 
J ' I 

A comparison of i terns (l} and (2} above provides an cs-J 
I 
j timate of the actual physical benefits which will be generated 
' l 

I 

by pollution abatement efforts. Facto£ {3) is an index of 

the availability of substitutes for the .polluted riveri it 

thus affects the elasticity of demand for water pollution 

abatement on the particular river segrnent under study .
i 
' Previous work in the area of benefit estimation has con-
f 
i centrated, at least implicitly, on estimating people ' s indif­
' I 

ference maps as between water quality improveme-n ts and income. ­
1 

Clearly, the th:i.:-2e :act0rs listed above represent a.rguments ;-I 
. I 

. i lof those utility functions; ty?ically, other economic, social, 

and demograph.ic attributes of ind:i.•:iduaJs enter as a.rgur.1ents 

of these utility fun~tions as ~el l . in fact, the empirical 

tests presente d in Section 3.3 of this ~o=k represent an at­

tempt to estiNate these utility functicns. 

There -~~~' however, some theoretical proble ms implicit 

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

benefit estirndticn technique is to maximize some ·sum of in­

cividuals I 1.:i.tili ties . The appropriateness of using util•i ties 

as a basis for government policy in the area of water pollu­

tion abatement, howc·1er, is u~clear . 

In p~rtlcular, to a large extent, tastes for clean water 

are endogenous; that is, an individual's demand for clean 

water depends at least partially on his previous experience 

with clenn w,:l ter . •rhis endogenei ty is largely a function of 

the pheno~enon of l~arning-by-doing. Individuals in areas 

which have historica.lly had cler.J.n rivers learn to axploi t the 

advantages of that resource ~nd, thus, value its benefits 

highly. Conversely, if a river has historically suffered 

frcm 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. 1 The 

exist~nce of significant learning-by-doing effects s~ggests 

that, in se·.rerely pol-luted :::-.iver areas, benefit estimates 

tased on prc-ab~tement w~lli~g~ess to pay surveys will ba con­

siderably l0t'1er than the ber.efits which in fact accrue to 

area residents from pollu~ion abatement projects. 

1Marc l~oberts, et. al • ., M.et:i:-opolitan Fater Manag-emen+:, 

a ~tudy do:::.s !:·:;r the Natio.i:.al Wil te::- Conmission by Urban Sys­

tems Resea~ch and Engineering, Inc ~ , January, 1971 . 


' -.~: 
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Under these conditions, the appropriat..:ia measure of bene­

fits, · ·~ po·st or· ex ahte, is unclear. More,uver, the optimal­

ity of using individuals' utilities as the arguments of the
I 

social welfcire function at. all is no longer. obvious. Much .. ,I " " of the learning-by-doing effect involves si:mple hab.i.t forma ­
' 
t 

f tion~ that is, ·~post benefit valuation te.:nds to be hi<;h be­! 


cause people become habituated to recreational water consump­

tion . We have a situation analogous to the one in which we • f 
l 

I " 
j.try to evaluate the benefits derived by in<I.ividuals fro~ a 	 I ' · 

j \ 
heavily advertised product: if a firm first creates a t as te i . I 
for a good and then satisfies it, it is not entirely clear, 

in a normative sense, hew we should view that satisfaction. I 
Philosophically or ethicallyr of course, so....':le judgmer.t can I 

l 
be made; in particular, to the extent that 7.i;e view ri-J"er ap­

preciation as a "good", then the process of creating a taste 

for that good and then fulfi lling it would seem to be a posi­

tive action. This position, of course, arques for the us~ of 
I l 
.1 

ex oost benefit figure_s. However, within the context cf 

strict positive economics~ t~e right choice remains a!:lbiguous . 

It should be noted that the learning-by-doing e£fec~ in 

I 

particular may result, not or.ly in an ur.deres~i~at€ of aggre­

gate benefits, but in a misestimation o~ the distribution of 


benefits among income classes as well. Tl:.2 streng~:t of the 

I 
learning-by-doing effect; at leas~ i n tr.e a.:rea of \oiater recre-

I 
! 	 .\~. 

ation oppo·rt:unities, seew.s to be inversely r elated to income 
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levels. :Ugh income people <,;an lrci.vel to "learn 11 the valne 

of cle;;in ·1;ater 1 l~u.rr;ing opportunities for lo•.-1er _:i.nccme 

peopl~ a~e ~ore restric~ed. Furthermore, h~tter educated 

people tend to !:>e rnore adept at making ~bstracti.ons; thus, 

imr.~edia te exper ierlce is .scmewhdt less critical in their valua­

tion precesses. Thus, to the extent that aducation and in­

come are collinear, this factor too suggests a systematic dif­

ference among income classes in the de·./ iation of expected ar.d 

actual benefits from water pollution abatement programs. 

A similar systematic discrepancy between expected and 

actual benefits from water pollution abatement programs is 

produced by land use changes. One would expect a prograJT'. of 

river quality in:prcvement to be followed by sor.ie change in 

the use of land surrounding the river; in particular, we 

would expect a new land use conf iguraticn to e~erge which 

would exploit the new river quality. ~ ante benefit surveys 

implicitly assune pre-clean-up land use patterns; thus, for 

this reason as ·well , these su~veys are likely to understate 

actual benefits. 

In short, in cir~urnstances in which gc1rernrnent policy, 

in the process of fulfilling demand, in fact systematically 

alters that eemand, the use of preferences as a policy guide 

may no longer be appropriate. 

Given this ambiguity, in this study, two different esti­

mates of the benefits of wat8r ?Ollution abatement are given. 
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-----Ir. Section ·s.3, the results of ar. ex ante utility-oriented. 

survey approach are presented. In generating benefit esti­

mates from the survey data, the p;:-oblem of endogeneity of 

2tastes is largely ignored. 

In the remainder of this section, an alternative be!!e­

fit estination technique is applied. This technique takes ac ­

count of the endogeneity of tastes; it provides, however, only 

a first, rough approximation of benefits. Rather than att~rnpt-

ing to measure utilities, I directly measure the thri:::e ~ai~1 

arguments of the utility functj_on described above--current 

river quality, e~:pected future river quality given the abate­

ment program, and availability of alternative facilities--and 

try to infer ex post benefit levels from these ·variables. 

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 st~di8s 1 the 

implicit social welfare objective is to maximize some suin of 

utilities ; our prin~ipal con~ern then is th~ distribution o.f 

these utilities across ir.cc:::la g:::-ouf?s . ..In the techniQu~ ao­-

plied here, concern'is with the distribution of actual ?~ysi-

cal results; the implicit social welfare objective is to 

') 

~While th~ Section 5.3 estimates are g enerated wit~out 
reference to t h d issue of sndogeneity of t~stes, the survey 
data itself a llows us to make some inference s about the 
strength pf ~he learning-by-d oing effect and , th~s, suggests 
appropriate ad justments. ­

' 
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equalize access to opportunities across in~ividual3. Once 

again, it is fairly clear tb.at, if water pollution ·abatement 

were a private good, the appropriate benf.}f.it measure would be 

the one based on utilities; however, aince water poll'...ltion 

abatement is a public good, and since tastes for it are to 

some extent endogenous, the obj ec tive of equal access 17\ay in 

fact ·be more approp=i~te. 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 affecte~ by pollution 

abatement prcgraras. We further restrict th..e analysis to those 

benefits which accrue to residents of the Merrimack River 

Basin. 

First, the actual river quality L~provernent (Factors 1 

and 2) expected by each tow·n in the st:.udy area from new ex­

penditures is estimated. These physical quality changes are 

then trans formed into changes i~ the recreational opportuni-­

ties avail2ble in the river. Current ri~er quality and rec­

reational cpportuni ties estimates were p~ovided by the En­

vironmental Protection Agency; expected fut:..::.rc quality and 

opportuni ties were _estimated fro~ Army Corps in~oriliation. 

There is clearly some uncertainty involved ~n mapping between 

pollution abatement exp~nditures and river quality inprove­
,· .. . ...,. 

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

j -101­
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The second step in this a!'.alysis is to place some value 

on the incremental opportun.ities afforded r:,y the pollution 

abatement expenditu:Les. Thia valuation is accom:.:>lished b~z' 

looking at the third argument of the recrea.ticnist's utility 

function--the availability of substitutes. That is, T..·;e 

measu::::-e the median distance town re2idents must ::u):rently 

travel to enjoy these incremental opportunI. ties and a.ss~.me 

that the value of these new benefits is di!:ectly related to 

the distance an individual is from an alternative equivalent 

site. The value, then, of each incremental opportunity pro­

vided by the pollution abatement progra~ is expressed in miles 

saved. Notice, I .::im not using the distance people ~t~a lJ~r 

travel for recreation as a proxy fer benefLts; this is a well-

known utility-oriented technique a.nd will b~ discussed in the 

next section. I am considering, instead, ~~e rnininn..Lin dis­

tance people must travel in order to enjoy particular recrea­

tional experiences. This va.luation technique ref leGt.s t:-:.e 

underlying social welfare function--viz. eq-;iaJ i~ing a.cces.s ,_ 

not utilitie3. 

No attempt has been made to transror~ ~hese estimates of 

distance saved into dollars. Considerable work- has been d~ne 

in the past, particularly in the area of transportatior. eco­

nomics, on E::sti;-.a~ing t~e value o= dista:-ice of ti::1.1e savi::d ; 3 

3see, for ~xample , 00.1n Meyer and auhlcn Straszh2i::t, 

Prici:ig a,µd P~oj ect Evahia ticn, Vol. 1 (Was~ington, D.C., 

.,..., r ' ] U 7 O \brc0Kin3s, ~- i1. 
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the results of this work are conflicting ~ndf in general, 

unconvincing. 
. i\ : 

The by-town aggregate benefit estimates generated by 

this method are presented in Table 5.1. In Table 5.2, the 

relationship between these benefits and th~ median incomG of 

the study .tot.ms is presented ; since all to•lffi .residents are 

assumed to be equidistant from alternative facilities;· it is 

not possible to construct a within--town dis-tribution of bene:­
I ~ ~; l' 

t ~ • II
fits by income class. Th2 towr. be~1efits fron wate::: poilution : l i 

: I · \ 

a.b.ateni:nt a.re next compared to t:ie per capita expenditure.5 

mad.: by t:hat town . Thus, an estirr.ate of t.l:e distribution 

among towns in the study area of the net physical benef2.ts 

of the n·.::w pollution abatement pre.gram . is providad. 

The relationship between town median income and the net 

expected benefits from water pollution abatement p:::-ograms has 

been graphed in Figure 5 . 1 . 

The pattern which emerges from this analysis is somewhat 
r ; . 

random, al thougi1 net benefits d o seem to increaEie somewhat 
q
1: 
1: ' 

with incor.-.e:. Thus, there is .:.oiEe indicat icin that: higher: in- ,, 
•. 

\ 

corr.e tmms differentially benefit from water 901.luti.on -:i.bate­

ment prog:!."ans. 

In Sections 5.2 and 5 . 3, an alter~ative technique f or 

estimating benefi t incide nce is outlinGd, and alter~ative 

benefit incide~ce estimat~ s are presented • 
... . . ·. -;.' ,' 
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....._ 

~ 	 ·--"-·-- - -- ..______ 
-- - - -- --·----· 	 - --=~.,

TABLE S.l 

By-•rown Benefits of Water Pollution Abatement Programs 

TOWN CURRENT 
RECREA'l'IONAL 
OPPOH'rUNI'r IES 

FUTURE 
RECREATIONAL 
OPPOR'l'UNITIES 

INCREMENTAL 
RECREA'rImrn..L 
OPPOH'J:UNIT IES 

DISTANCE TO 
NEAREST 

ALTERNATIVE-

VALUE 
IN 

MILES-­

·TOT/\L 
V!A_LuE IN 

MILES-·---­ ---·-­
B F s ·- -- ­ ·- B F--- - ­ s- ­

Alton .., ... 

- - ·-
B,F,S 
· 

B,F,S 
-· ­ · 

0 0 0 0 -­ - ­ -­ 0 
-- ­

Andover 
-- ­

0 
--- ­

B,F,S B,F,S .2 0 20 20 20 20 20 60 
--~---·,.,----

Be d.ford 
- --- ­ ·--­ · 

B / F B,F 0 -­ - ­ - ­ - ­ -­ - ­ 0 
--·--·,,..·--

Delmont. 
- --·--· . 

B,F B,F,S s -­ -­ 8 - ­ - ­ 8 8 
---· ­ -

Biller ica 
- ·-··- ­ ... 

0 B,F B l<,,. 10 10 -­ 10 10 ..... 
-

20 
--- ­ - ...... 

· 

B ,,Bm1 	 ' !' B,F ,S s -- -- 6 -- 6 6 
- · -	 -- - -----·---· 

Boscawe n B,F B,F ,S s -- -- 12 -- -- 12 	 12 
-----------···-

Chclrns rord 0 B,P ,S B, F ,S 10 10 26 10 10 26 	 46 

Concl)rd B ,F' B,F,S s -·- -- 20 ··- -- 20 	 2C 

Dracut 0 B,F B,F 20 20 0 20 20 0 	 40 
- -·-----------· -	 - - --------·--


Fitchbu r g (J B,P B, F 10 10 -- 10 10 ··-	 20 ____.. 
·-·-· ··-----· ---··--- --­

Fr.a nkl .in B,F B, F ,S s -·· -- 15 ··- --· 15 15 
------------------·~-- · 

Gilford 	 B,F,S 1',F,S - ---- 0 0 G 0 0 0 0 ___...__.____ ·------- - -	 ··-·- -..---------·· 
Goff St.":vm R, P B ,.F,S s 0 0 10 f' (; 10 	 10 ,.... 	 . I 

·

I 

.:> - ·--·---·- ·- ·-- - ----- - - ---...-------···-·..----· 	 ~-·- ·--·--- ·-·----·-----------·--·- ·--..---- ___.__ .._,_....... ....._ ..
----------- ·

. .. 

I 
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-------

-----

--- --- -

---

~ -- -- · -- - ­
'J'A hl.J:.: •_,,1 (<..:vut. 111uo;.t) 

Tm·m CURRENT FUTURE INCRF.MEN'l'AL DISTANCE TO VJU,U f~ 'l'O'.rAL 
RECREATIONAL RECRF.A T IONA!, RECP.EAT I ON.?i.L NF.AHES'l' I N VA.LUE JN 
OPPORTUNITIES OPPOH'.f'ONIT1 ES OPPOR'l'UN I'l'I ES ALTERNA'I'IVE MILES MILES 

B F s B F s 
··­

Gorham 0 B,F B,P 22 24 22 22 I~ •1 
--· 

., (.;:',:"•G:covelnnd 0 B,F B,F 8 8 0 8 8 0 -·"' ------ -· -----
Haverhil l 0 B,F B,P 8 8 0 8 8 0 16 

---·-----------------·--·--·; 
Henniker B, 

I

F',S B, F,S 0 0 
-. -~___j_ 

Hillsborough B,F,S B,F,S 0 0 
·----------------·- ·--·· 

..... ...W dllHooksett D,P n,P,S s _... 12 J.2 ,') 
... j. 

--· ·----------­
Hopkiiilt:on 13,F , S n,F,S 0 () 

------------------~-------------------~--~-----------4---------·~~-----
•t ,,Hud:3on 0 R, F B,F 6 6 -- 6 6 .L ­

- --------------------------------· --···-··--- ·---·· 
JCiffrey B,F B,F ,S s 16 -- -- 16 16 

Laconia B,r B,F,S s 0 0 2 0 0 2 
,, 
"' 

Lancaster 0 . B,F B ,F' 7 7 -­ 7 7 14 

Law!:"ence 0 
-

B,F B,P 9 
-­

9 -­ 9 9 18 

J...c omins ter 0 B,F 
-

B,F r.· 
;) 5 -­ 5 5 

-
.10 

Lowell 0 B,P B ' ·' ' .I. 
15 15 -­ 15 1 5 30 

•·I · r.>..,. 
I 



po.----··--_,, ... .. - - --···- -··-·-- ·--------

---

-- - - -

-- -

--------------

·-----·­
TABLE 5.l (continued ) 

-, 
-' 

-------------------~--·· 

0Manches ter ;:-1 l3 I F B,P () __________,_____ 
11erl;1d i t h B,P ,S D,P,8 0 0 0 0 0 0 0 ··O 

-

TOWN CURRENT FUTURE INCREMENTAL DISTANCE TO VALUE TOTAL 
RECREATIONAL RECREATIONAL RECREATIONAL NEAREST I H VALUE I N 
OPPORTUNITIES OPPORTUNITIES OPPORTUNITIES ALTERNATIVES NILES MILES 

~~~~-~-~~~~~--~-- -------·-r-­
B F s B F s 

Lunenbe rg 0 B,F B,F 10 10 10 10 20 
-

Me rrimilck B,F B,F,S s 10 -- -- 10 10 

Methuen 0 D,F B,F 14 14 -- 14 14 2a 
- - ·---------­

---
Milf ord B,F B,F,S $ 16 -- ··- 16 16 

~----------------------~-------·--------....~·-----·....···---~------
Na shud 0 B, .F B,F 11 11 -- 11 11. '2 2 

I -
Ne w London B,P D,F,S s 20 -- -·- 20 20 

·-
Nor t h h ndov er 

---------·---------­· 
B,F 
·----.:.................. 

B,F,S 
...,,.~ 

s 15 --­ -­ 15 
_ _ _ .......,~..~~~,<; 

15 

No r th.f i eld B,F B,F,S s 15 -­ -­ 15 15 
-­ - --

Pembro}~e B,F B,P,S s 15 . -- -- 15 15 

Peterbor oug h B,F,S B,F,S 0 0 
-

Pi tt~field B, F B, P ,S s 1 2 12 12 ______ , 

Pl ymout h B , l:' ,S B f.' S 0 ()J , , 

--- -·- ------- --- ­

l-' 
1..' "''1 

··n 

i 
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~- --- · -· -- -···-- - .__. - ····· -- .. .. -"--- - --~ - --· - - - -·- - ·-· 

TABLE 5.1 (continued) 

TOWN CURRENT 
RECREATIONAL 
OPPOR'fUlHT IES 

FUTIRE 
RECREAT IONAL 
OPPORTUNITIES 

INCREMENTAT..1 
RECREATIONAL 
OPPORTUlH'.rIES 

DISTANCE TO 
NE!.... REST 

ALTERNATIVE 

VA.LUE 
IN 

MILES 

TOTAL· 
VALUE IN 

MI LEG 

B F' s-­ n-­ p
- - s- · 

Sanbornton 
·~ ~· 

B,F B,F,S 
-

s -­
-----­ - ----- --­ --~-~------

-­ · 6 -­ -­ 6 6 
-·--­

Tew!<.sbury 0 B,F B, F' 20 20 -­ 20 20 -­ 40 
·-­-­

'1.'ilton 

Warnc:r 

13 ,f 

B,F 

B,F,S 

B,F,S 

s 

s 

-­

-­

- ~ 

-­

10 

15 

-­

-­

-­

-­
10 

15 

10 
....-------...·----~--

15 
-·--­

h'estminster 
---------·-

0 B,F,S 0 5 5 -­ 5 5 
- ··­ _ 

!.O 
._._.. ____,.._....___.,._. 

·-
Wolfeboro 
--· 

B,F,S 
-

B',F Is 0 0 0 0 0 0 0 0 
·-----------­

I ..... 
0 
..J 
I 



TABLE 5.2 

Net Benefits a nd Town I~conie 

MEDD\N PER CP..PITA EXFENDITURES7-BENEFITS 
TONN I~COViE' BENEFITS' EXPENDITURES ' (miles ·saved per ~)-·------------ ·---- ­

· ~·.;J~on $ 7000 0 3.79 •.47 0 

'"'i 
. .,.,, >.:.dover 12730 .. 60 27.00 2.22 

;~ ~dford 11677 0 17 . 78 0 

.--r= 
:--.-.i ~lmont 7000 8 45.. .23 .18 

j ···-r­
" . •. f.. ~!. ilerica 10928 20 8.79 2.28 

7500 6 51.30 .12..:+w 
··: ::>scawen 5569 12 84.76 .14 

: ·!) ::ielmsford 13092 46 30.16 1.52 

. . ·~·' :Jncord 7589 20 51.22 .39.. _ 
.. )racut 10282 .40 30.33 1.32 

, :. t :'i tcr..burg 7676 20 148.58 . 13 

. : ~ :'ranklin 7523 15 45 . 25 .33 

. : ·~' ~ilford 10720 0 45.26 0 
. , ..~ 
. .: ;offstown 
·-·'---­

6626 10 29 . 72 .34 

... ';orham 8000 44 45.23 .97 

·~·· · ~rove land 11052 16 59 .45 .27 
..-.__ 

I ..0 ~ ~a'1erhi.ll 7531 1 ,,.
-0 62 . .44. • 2 6 

- ­ -- ­
~ . ~ ~C!nniker 70CO 0 57. 58. 0 

... 

Hillsborough 7242 0 135.13 0 
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TABLE 5.2 (continued) 


MEDI~l I-ER CAPITl~ EXPENDITUR:.'.:S7BEN8PI'IS 

TOWN INCm,\E BENEFI'l'S . EXPENDI'.!'U:8.ES (milE:s saved pe:c $ ! 

---------------·~--- -----·~--------~--------------~--

.::ff ' :ocl<'.sett 
' . ...._,---­ $ 8683. . . 12. .. .6.9. 89 , .. 

. . • J. I 

.·~ :o?}dn ton 
:.-i--­

10802 . . ..0... . 126.3.7 0 

. -i :iudson 10956 1.2 13.53 .• 89 
~...~---------·-------- ---- ­

· .. ·.: Jaffrey 
I"·------------·­ ·-­

16 
-------·----------------­---­-­--­

· ·:,! Laconic-. 7696 2 183.29 .01 

..; I..3.ncaster 9500 14 31.23 . 45 

7367 18 71.25 .25:;:i~wrence 
-.1 1.eominster 

· • . ...,_. ___ 8985 10 68.25 .15 

-~ Lowell 7376 30 29.90 1.00 
t 

. ... ! Lunenberg 10316 20 171.72 .12 

'1 '.1anches te;: 7 5 00 0 17 •. 49 0 

.. "'.. ce:rcdi th 8022 0 98.08 0 

----------------------------------------·-------­
· ~ ~le::-rimack 11384 10 281.95 .04 
--·------· .. ' .. ; ~!ethuen 97 39 28 55.50 . so ­

.. , ~ ·.~ ·· , Milfcrd 68 88 .... c 42.85 .37 

... 
:iashua 9302 22 37.63 .58 

~· New London 12000 20 241.50 .08.._ 
~ 

North Andover lO~t,9 15 38.32 .39 

Northfield 6800 15 45.22 .33 

I>ew.;:iroke 8923 15 2:i5.80 .06 
'-. 

J 
' 
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•• 

---

-

- ---------

- - -

~--. 
-

'1'1lJ3l,E 5.2 .{cc~t.in:.icd} 

MEDIAN i?F:R CJ...PITF. ~'\PEND ITl!I1.I:S·:P.EHEPI'l'S 
TC~·TN INCO~t;E BENEFTI'S' EY.PE'NDI'l'UREs· ' {t'.i 1c·s ·save:i ncr .,, ' <': ' .. ~ 

,. :~ter!Jorough $1071.9. I} .2.4.9.•.6.9. 0 
7~ ..----· 

?:ttsfield 8707 l.2 3.33 .7 3 •.o 4~ 

# ?lyrnouth 4470 0 17 .75 0 
•T-­-

Sanborr:ton 8000 6 ' · 45.. 20 .13ti. .. 
·~ :e·,,.k.sbt::.ry 11250 40 29 . 95 1 • . 34 

-
~ :'i.lton 6843 10 45.26 .22 

.. , A'arner 10000 15 159.61 .09 
. 

iiestrninster 10350 10 49 . 61 .20 

- iiolfeboro 8791 0 57.64 0 

<'. 
: .~.~: 

J 
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5. 2 · ·Estimatinsr Demand· curves----.­
There have been a number of attempt$ t.o circumvent the 

problem of lacx of ffi·3.rket data and to estimate the demand for 

wate::- quality improvements. Early Army Co.rps of Er.gineers' 

stl.!dies used a grass cost mathod: benefits w~re a.ssumed to 

be equal to the costs of providing the given quality improve­

ment. The use of t his particular technique is clearly zpe­

cious; in addition to justifying all projects, it does not 

differentiate among projects. A similarly unfruitful method 

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

market price of add:.t.7~ona.l fish caught as the river quali t:y 

improves: clearly this technique limits itself to one small 

class of beneflts. 4 Two other methods for estimati~g the de­

mand for wa.ter quality .i.mprov.::m1i:;nts are somewhat nor1: viable: 

the travel cost met!1ocl and the survey method. Ir: this sec­

tion, the theoretical framework, procedures, and results gener ­

ated by each cf these methods are reviewed. 

5 .2. l The Travel Cost Method 

If we begin with a simple model of u. sir.ql.e rlver site, 

it is clear that the recreational demand for that site will 

be given by : 

4For a discussion of the use cf these two techniques-­
gross cost and value of fish , see Jack Knetsch and Robert 

Davis, "Conmar isons of ~1letl"lods fo:: Recreation r::valua tion", ir. 

'Knesse an&·· Smit'h , Water Research {Balti..rnore, Maryland , Johns 

Hopkins Press, !965). 
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(1) V = V (Y, P, R) 

where 	 v - nurrJ:::er of visits; the qua:ntity measure 
Y.' = set of i~dividual attributes 
R. = set of facility att=ibutes 

p = price of a ~ser-day 


In estimating a des.and curve, we are concerned \·rith the r ela·­

tiOl'lShip bE:tWcE:l1 •., anc p • rrhe price Of e.nVi rOllffiental quality I 

however, .i.s l:.ot available and, instead, mus t be inferred from 

other data. The ·.isual techniqu12 i!1 to use travel costs plus 

entrance .:~e '.iS a prc::y for the price. We can then, by look­

ing at the relC:tti:mship between tra•.rel costs anC. number of 

visits at an existing site, and by controlli~g for Y and R, 

predict the num...l-ier of visits of demand for a new site. 

The use of the travel cost method originated with 

Hotelling. 5 The Hotelling model, hm1ever, is somewhat sir:i.p­

ler than the model given in (1) above. Hotelling looks 

simply 	a~­~. 

\1{2) V = (P 1 R) 

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

value it equa.ll~1 • The h~usehold driving the greatest dis­

tance is considered the ac.rginal ';.lnit; consumers 1 surplus is 

estimated as the difference :between the distance travelled by 

the marginal 11ni't and the di s tance travelled by all the intra-

marginal house::-..o:td·s. 

5H. Hotelling, i!1 Roy A. Prawitt, ~he Economics of Pu~­

lic Recr,~ation, U. S. Department cf theD1ter.:..cr, ~Jational 

Park Servic2 , 1949. · 
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Clawson late!:' r ela.xed . this assl!J-nption. cf strict home ­

,. ­gene1ty. of. "duais to . 6 Clawson.1na1v1 scme ex~ent. initially 

aggregated l~ouseholds int6 zones of origin 6 where zones are 

defined by d istance frcm the site. He then considered the 

relationship between visits per capita per zor.e and dista nce 

of t-1-ie zone from the study area. 'l'hus , CL~wson assUIP.es only 

homogeneity of zunes, and not homogeneity of individuals 

across zones. Cle~rly , i~ oraer for this appro~ch to be 

valid, t~e zones must be defined in such a way that it is 

meaningful to assign a unique travel cost to each zone, and 

further to assu:ne that all zones are homogeneous with r es?ect 

to their tastes for recreation. 

A final extension of the travel cost method of estimat ­
.., 

ing recreational demand is provided by ~ietsch.' Unlike 

Hotelling an~ Clawson, Knetsch does not assume homoser.eity 

either amonq individuals or a cross zones. Instead he directly 

estimates an equation in the form of Equation (1) above; as 

an inc1.-:x of sita att_ributes o.i; quali t y, Knetscl~ uses (;ro;.;c - ­

ing and th~ a ·.;;;.ilabi.lity o[ s -w.bstitut~ faciliti e s; as an in­

dex of individua l tastes, ne uses median inco~e. Both vari ­

ables are stat:istical l y iupc:::-tant . 

6Marion Cl~wscn , ~et~cds cf i !1::asu.!:i1:c tr.e t:er:-.and fer 

and Value of Cut~cor RecrAat~0n , fl.er-r int i:o. :n) Cy·fast.ington, 

D • C • , - -~ .... i-rv ;-;...-e---;=-1:-:;::-:-:-,,_~4 _ -" .... e '
I)~ soul-c 0 c'-'=- · · . ... '..LJ... 1959). 

7Jack;. Knetsch , "C1..:.td0cr Rt:creation Demancs and Bene ­
fits", in Land Economics, Vol. 39 , No. 4 (1963) , pp. 387-397. 
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Even under the Knetsch formilliltion, the travel cost 

method. retains a number of problems. In particular, it ac­

counts only fer recreational benefits whic!l result fror.\ 

river. quality iroprove~ent; clearly, there .are additional 

benefits in terms of land value increases, option de~and, and 

aesthetics which are being left u.r.count.ed. Moreover, ther e 

are problems in the use of this technique even in the area of 

narrow recreational benefits. In order to use estimates 

generated by use at an existing site to predict future use at 

a second siter we must assc_me co~pl€te comparability between 

sites. Knetsch attempts to deal with this by including 

crowding in his regression; it is clear, however, that thi s 

is a quite inperfect proxy for facility quality. Insuring 

complete comparability between sites would be quite difficult. 

A second problem is posed by the use of monetary ccsts cf 

travel as the price inde.x. The true costs of travelling i n-

elude not only out-of-pocket expense, but the costs of time 

spent a!ld. tJ:e i~plicit utility,/disutility of -travelling. 

Crr.itting ~ime from tb.E: ~rice u2 rec:ceationa.:i. use clearly 

biases the demand curve to tne lef~ of the true curve; 8 the 

direction of the bias imposed by excluding the utility of 

travelling i::sslf ~learly depends on whether or no1: this pro­

cess is pleasureable. Thus, \:hile it is clear that restr i ct­

ing our att~ntion to out-of-pocket costs biases cur denand 
.. . . ,....~.. . 

·. 

8Kn . ' 
e~SC.Ll, ibid. 
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estirnata, the net direction of that bias is unclear. 

Despite the problems implicit in the travel .cost method, 

it does provide a r€ascnably objective raethod of estimating 

demand. In Section 5 . 3, some use wil). be made of the trave l 

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

cor.cernsd with cu:c:·ent travel costs incurred by i;;dividual 

recreationists and their respective willingnesses-to-pay f o r 

river quality improvements. The willingness-to-pay techniq ue 

is discussed f urther below. 

5 . 2 . 2 Survey Techni~ 

As an altsrnative to the travel cost ~ethod , several 

studies have esti.mated d~mand curves for wa-t:er quality imprcve­

ment by interviewing paople ar.d asking t~em to define their 

own preferences. Two variants of this technique have been 

used: user-day analysis and direct wi~lingness-to-pay. 

A first approximation of the benefits which ·will accn.12 

from water polluticn abatement prosrams can be obtained by 

estimating the frequency wi-+:h which ''clean" rivers will be 

used for recreational activity. Typically, surveys collect 

information on the social and economic attributes of individu­

als and, simultaneously, en the "Tiber of days thesenu.. individu­

als expect to use the cleaned-up river for particular activi­

ties (viz . s wirr.::ling ,_ f ·Lshing, and boating) • By regressi::ig 

user-days on variables such as income, sex, ~ducation, r esi­,... . 
. . : -.r· . 

dence, and so on, we can estimate the dis tr.ibution of tte 
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raa~, physic~l benefits of water · 1)oliutj on a~ateP.ient. Pur­

therrnora, by looking at the coefficients generated by the 

user-day regressicn and the actual socio-econo~ic attributes 

of area residents, we can estimate the aggregate user-day 

benefits of water pollut:i.01~ abatement. 

One of the better applicatio~s of the user-day technique 

described above was a study by Da•ridson, Adams, and Seneca. 9 

The data base used in this study was a 1959 University of 

Michigan Survey Research Center survey cf the rec~eational 

use patterns of 1,352 households; data was collectee on in­

dividual attributes, attributes of neighborhoods in whic~ re­

spo~dents live, and, finally, the frequency with which re­

spcndents engage in fishing, swimming, or boating. Davidson, 

Adams, and Seneca then estimated the functional relationship 

between recreational user-days and these individual and r.eig:i­

borhood attributes. As one might expect, user-days vary di­

rectly with income, education, and proximity to facilities. 

Davidson, Adaffis, and - Seneca then applied the -coefficients es~ 

tima t<::d fro:n the UnLrersity of Michigan survey to estimate 

./: • l •••the social value of water recreational .1..aci .... 1 ti~s in the Delu. ­

ware Estuary. 

9?aul David.son, F. G-era rd }\dams, and Joseph Seneca, "The 
Social Value of Water Recre~tional Facilities Resulting from 
an Improveff.er.t ir! Hater Quality: Ti1·~ Cela~·1c.re Estuary=• , i r. 
Knesse anct··1· s~ith, Water Research (Baltimore, l·1aryland, Jol"lns 
Hopkins Press, 1965). 
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The analysis described above yields an aggregate value 

and a distribution of vali.tes of water po:U.ution abatement 

only in terrr:s cf user days; note that this technique does not 

generate dollar values for benefi ts which might then be corn-

pared wit.ii the dollar costs of the prograrn proposed. Thus, 

t.""lis analysis does not indicate whether or not a particular 

progra.'tl of water pollution ab:itement is efficient; moreover, 

unless some additional assumptions about the variation of 

user - day values with income ?..re made, no information is gener­

ated about ~he progressivity er regressivity of water pcllu­

tion abate:r:ent programs. 

There ha"1e been several attempts to transform user-day 

esti.!:iates into dollar values. Davidson, Adams, and Seneca 

chose an arbitrary figure in order to make this transfcrl!\ation . 

In this analysis, the value of a user-day wcs chosen indepen­

dently of t he attributes cf individuals; thus, the distribu­

tion of dollar benefits f=om pollution aba.tement fol.J..ows d i ­

rectly from the distribution of physical benefits. 

The DaviC.sor., :~·.c!z.ms , <:.r.d Ser.eca app1:oach of using a 

single value fer a user-day ciay we!l be inappropriate. In 

particular, a decision-maker typicall~ considars factors other 

than effici0ncy in choosins;- amens alts~native public pr09ra.:ns; 
-

one way to incorpcra te these ot~er gcnls intc ~1c decision 

process is by assigning differ ent relative weights to user-

days depending on specified attribute3 of i~dividual users. 
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: - 10Thus, c.:ack ana Mey~~r su.ggest tha.t water pollution ~.be. te-reen t 

1'rcgrarns be judged by comparing i:.h2.ir costs with mer::.. t-

weighted user-days; merit '\·1eights are assl.gned here acco;:ding 

to factors su~h as income of beneficiaries, area cf the 

country, conservation-ecological d isaaterp and so en. 

Even if one chooses to ccnsider only s~~ict eccncmic 

efficiency, the use of a single value for a us~r-day may be 

inappropriate. Work in other fields, and!' in particular, in 

transportation economics suggests that the value of time 

. . - . l . llvaries inverseLy wit1 income. Thus, one would expect in­

dividuals with different ir.itial i.ncor.,es tc assign diffe.cent 

dollar values to incremental recreational opportunities pro ­

vided by water pollution abatement . 

In addition to the problems discussed abo\Te in assign­

ing meaningful dollar values to user-days, this technique has 

a second problem. In particular, it accounts only for recre ­

ational benefits and, bus, ignores potentially important bene­

fits such as option ~emand, aesthetic improvements, a~d so on. 

An alternative s:.irvey tec£mique involves asklng people 

what they would be willing to pay for given level s of wate~ 

lORuth Mack and Sumner Heyers, "Outdoor ~ecreation", ln 

Robert Dorf~an, e6. , Measurina the Eenefits ot Government In ­

vestment (Wa8ni~gton , D.C. , Broo.kinqs-;-f9G5) , !?P· 9l- l00-.--­

11Anthony Blackburn, "A Non-linear Mod~l of the Demand 
for Trave~;" . , in Richard Quandt, The Demand ~or Travel (!''lassa­
chuset~s, Heath Lexi:1gton Eooks,-1970), pp:--rGJ-lSO:-. 
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quality i~proveinent. Of the :::nethods available .for estirna.t ­

ing the de:ruand for enviro:n.mental quali.ty, th_is is the most 

theoretically promising. It shculd be noted, hcwever, that, 

while this technique avcids problems of transforming days 

into dollars ~nd provides a~ e~timate of ail classes of bene­

fits, it nevertheless ret.~ins the problems imposed by endo­

geneity of tristes discussed in Section 5.1. 

Perhaps the best applica'cion of the w.i.llingness-to-pa y 

technique is the work done on ~he benefits of outdoor recr ea­
. . . . . , . . 12

tion sir..es i~ ~!a..!.ne oy Knetsch and Davis. In this study , 

Knetsch and Davis interviewed 185 hunters, .fishe.rmen, and 

campers, ar.d collected information o~ their willingness to 

pay for site use, as well as on their social and economic 

characteristics. The willingness-to-pay i~formation ~as 

gathered through a "bidding game", in which the resea:?:"ch·er s 

successively increased prices offered until respondents e nded 

the game. As expected, both income and edu.cation were pos:i. ­

tively related tc willingness .to pay. 

In the ;:iext section, T ?.::-esent the :-es'll~s o:'.: a 

willingness-to-pay surve~{,. similar to the cne described 2.b ove, 

which I conduct.:d in the Mer imack River Bas.in. I further 

present the results of applyi~g a user-day approach on the 

same survey population. 

12Jack.·. Knetsch ai:d Robert Davis, acompa.::!:'.ison of t·1ethod s 

for Recree,ti()n r:•,•u.lua t.ion", i::1. Knes.se and Smith, Water P.e­

search (Bal ti.er.ore, ?·ld. , Johns Hopkins Press r .:!..96 5r.---­
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5. 3 !\"esuJ.ts ·of a Will.ir~gn·e·ss-to-P·av· ·s·urvey t>n· the Mer.r iinack 
River Basin 

5.3 . 1 Survey Descriptio~ 

In order 1:0 elicit information on the potential benefits 

which .tr.ight !Je expected to a.ecru.:: frcr:1 c'..lrrer.. t water ::;>ollution 

abateme~t ef£"orts 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 res i ­

dents from current water pollution abaterne;•.nt expenditures. 

Surveys were administered by telephone. 

A copy of the survey instrcment is presented in Exhi~ .i. t 

1 below. Several characteristics of the questionnaire &e-

serve mention. 

First, in administering the questionnaire, the willingness­

to-pay question was preceded by questions on frequency of use 

and availability of substit~tes. Early survey testing sug­

gested that people in general have considerable difficulty in 

assigning monetary values to clean water: typically, people 

considered c:ea n rivers either priceless or worthless. Re­

ordering que3ti0ns so -that river use ~haracteristics and al­

ternative cpportur.ities for recreat ion preceded willingness­

to-pay quest.ions encou.=:-aged rE:st:c::1dent:s tc syste1;iatize their 

answers a little bi~ furthe r. 13 It should be noted that, 

13 The observation that crdering raa~te~s has been wade 
previously~ by political sc~entists, as well as by other re­
searchersf ~in ; articular, the design cf an agend~ in v8ting 
situations can scrnct i Res al ter t he results 0£ votes . One of 
the earliest atte~pts to bui ld a waste t::::-eament c>lant in the 
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EXIIIBI'r 1 

Questionnaire Us2d for the WiJ.lingness­

to-Pay Survey on the Merrimack 

Tc be: completec by the i:iterviewer: 

1. 	 Narae cf Respondent 

2. 	 Address 

3. 	 Sex 

To l:e asked th~ respondent: 

I am conL~ucting a survey through Harvard University f or 
the Enviro!lffi~mtal Protection Agency on public reaction to 
water pollution. I wonder if you would answer a few short 
questions for ns ? 

1.. 	 As you probably knew, there have been scme efforts re­
cer.tly to clean up the River . If the River 
were to be cleaned up, h ew ntany days per year would you 
use the River for the following activities: 

A. 	 Boating 

B. 	 Fishing 

c. 	 Swimrning 

2. 	 How far do you currently travel to fish, boat, and swi m? 

3. 	 How much l.muld you be wi. l ling to pay, eith2r in the form 
of a tax increas2 or out-of-p8c!~et pGr y .:ar to clean u p 
the river so that the above activi.ties would be possible? 

Now we have seve:cal sues-tior~s 1,.fr1ic:1 the E.:i? .A. waf1ts to use 
to put your answer in a ~tatistica l cont~xt. 

1 . 	 How ma:iy people are currentl y living with you in your 
family? 

2 . 	 Do you r ent or_ cwn your heme? 

3 . 	 What is t~e highest grade of education you have co~pleted? 

4. 	 Is your ave=ase fami ly yearly incom0 in the range: 
,· . . 

Less 'than 53 ,0 CO 	 15,000-20, 000 
3,000--5, 000 	 20, 000-25 , 0 GG 
5,000-10,000 	 25,000+ 
10,000-15,CGO 

Thank you very rnuch. 
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despite this · re-ordering, sor.~e reluctance to value cle.J.n water 

in rao11eta~y terms remained; survey results should therefore 

be treated cautiously. 

a ·.-cInterview responses sensitive, not only to the order­~-

ing of questions,- but to the structure of the will .~.ngness-to-

pay q~estion 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 ofte~ suspec­

ted the .interviewers of being either environmental groups in 

search 0£ donations or city officials in search of addition~l 

revenue. On the ether hand, abstract de~and questions are 

much mer~ difficult for people to answer and may well be a 

less realistic assessment of true willingness to p~y. Th~ 

survey question used here attempted to strike a balance betwee~ 

these two problems; multiple disclaimers of association ~ith 

either· fund-raising groups or government were :nade. 

In order t0 insµre some consistency in i:he way in which 

questions '>·:ere asked, all interviews were cowiucted by e.::..• +.I-, ....,.er 

myself or m:r husband. 

Merrimack P.a:sin was defeated largely bec~.use i-r: was e!iliejded 
in the to·..rn refere-nd;;m !:::et•.-1een t!":rGe anti-:abo'.!: ieosues and 
thr-ee anti-·Ch.1.irch -;'..:csti-:ns. (I ~·,;e this story ~c Jack HcKee 1 

of Camp, Dresser, and McKee, an engineering firm responsible 
for mt.:.ch of che "raste tr2a trr.ent facility construction in th8 
Merrimack ~~gion.) 

. : ..,,. " 
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The su_:rvey yielded 200 useable respc;'!-ses / out of · tota. J. 

atte~pt.:ed questior.naires of 400. The ben::.fit figures gener·· 

ated by the survey are, in all likelihood,. b~_ased upward. to 

some extent; typically, environmentally c:cnscious people 

· were differentially willing to answer surv-ey questions. 

The 200 interviews were divic.led among towns by firs t 

assigning cne interview to each of th::? fifty t.o-.vn3, and th.en 

dividing the remaining 150 interviews acccrding to the rela­

ti\re populaticns of each cf the towns. Particular respondents 

from each town were then chosen ranC!.omly f:rcm telephone di­

rectories. The characteristics of the sa~ple gene~ated b y 

this method a.re given in Tables 3.3 and 5.4 below. It should 

be noted that, despite the relatively simplistic sa.mple selec ­

tion design, the sarnple attributes which resulted correspond 

closely to tr.e characteristics of the underlying basin po?U­

lation. 

5.3.2 	 Survey Results on the Distribution cf Benefits of 

Water Po l l u tion Abatement Programs en the Merrimack 

Riv~~·--------

The d<:i.ta g~nera:ted b~· the survey desc.r ibed i!1 Section 

5.3.1 was used to alldress two major st1.::stions: 

(1) What is the aggregate willingness to pay or demand 

for water pollution abDtement in the Merri~ack River Bas i n? 

(2) What arc -::i1e deterr.lin.::i..1 t3 of this demand for wa ter 

pollution abat2rnent? 
,,-. . 

The · ~nswer to Question l can· be compared with total costs 

of water pollution abatement provided in C~apter 4 t0 giv e an 
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1 
Interviews bv Tm-rn i:i- the Sai:.lple 
~~~~~~--=-· 

TOWN ~JO .. or INTERVIEWS · Tow·~~ NO • . ·op· 'IN'I'ERVIE'Y7S 

New Hamnshi:::::-e 

Alton 2 

Bedford 2 

Belmont 1 

Bow 2 

Boscawen 2 

Claremont 4 

Concord 7 

Franklin 2 

Gilford 2 

Goffstown 2 

Gorham 2 

Henniker 2 

Hillsbcroug:.h 2 

Hooksett 2 

Hopkinton 2 


....Hudson ~ 


Jaffrey 2 

Laconia 4 

Manchester 17 

Meredith 2 

Merrimack 2 

Milford 2 

Nashua 11 

New London 2 

Northfield 2 

Pembroke 2 

Peterborough 2 

Pittsfield 2 

Plymouth 2 

Sanbornton 2 

Tilton 2 

Warner 1 

Wolfeboro 2 


97 


Massachusetts 

Andover 
Billerica 
Chelmsford 
Dracut 
Fitchburg 
Groveland 
Haverhill 
Lawrence: 
Leominster 
Lowell 
Lunenberg 
Methuen 
North A~dover 
Tewksbury 
Westminster 

8 

4 

8 

2 


10 

13 


7 

19 


2 

7 

4 

5 

2 


103 


. .. "..~.. 
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'.i'A.f'.I .E S. 4 

Attribute 

All 200 

Income Level 

Less than 3,COO 
3 - 4,999 
5 - 9 ,999 

10 - 14,99 9 
15 - 19,999 
20 - 24,999 
25,000 + 

10 
16 
50 
66 
34 
12 
12 

Education 

Less th~n High School 
High School 
1-2 Years College 
2.1-3.9 Years College 
4 Years ·col l e ·3'e 
Masters 
Ph.D. 

34 
83 
42 

3 
26 

8 
4 

Sex 

Male 
Female 

91 
109 

Home Ownersh:!.p 

Rent 
Own 

46 
154 

Farailv Si:.3e 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

. : '~;. 

11 
51 
36 
37 
32 
17 
10 

.3 
2 
0 
1 
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estimate of the overall efficiency of curr.ent prc:;!"a.:ns. 

Question 2 is relevant to the issue cf incidence or ecui":.y 

of water pollution abatement programs. 

The primary interest in . this study is the exte.nt to 

which the bene=its o:: wa t:er pollution abat:~n.ent will acc!:'11e 

tc individua.ls in different income classes. The principal 

data relevant to this issue is contained in Tables 5.5 and 

f= • ...5.6: cross tabulations cf, ~irs._, incorr.e and '.>1illir.gr..ess to 

pay for clean-up of the Merrimack, and, second, of income 

and the frequency with whi=h individuals expect to use a 

cleaned-up river for recreation . These two tables are di s ­

cussed in n:ore dept!l below. 

The median amount individuals in all income classes are 

willing to pay for water pollution abat~nent on the Merrimack 

is $12.14. Tl1is willingness-to-pay figure" however, varies 

considerably by income. Seventy-three percent of the ir.di ­

viduals with family incomes less than $ 5, 000 were ~villir.:g to 

pay cnly between $0 and $5 per_ year for water pollution abate­

ment :progra~.s; only 2'j pe::-cer..-t. of the respondents ·,;ith inc om.:s 

over $15,000 had demand prices less than SS. Similarly, only 

11 percent of the individuals with incomes less than $5,000 

were willing to pay as rncch as $100 fc~ pollutio~ abateffient; 

22 percent of the individuals with incomes over $15,000 f e ll 


into this category. This positive r elationship between in­
,... . 


come and ~illingness to pay for water pollu~icn abatement 
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k..- . . ~...·- '""" ~ 
TABLE 5.5 

Cross Tabulation of Inccme 

and Willi1~gne fl~ _t_c>__r~_y 

Willi.ngness to Pay 

Income:·,--­ $0-~ 6-10 11-25 /.ti-49--­-­ 50-·9 9 100-199 200+ TO'l'AL 

Less than $3,000 9 0 0 0 0 1 0 10 

3, oc 1 - ~, 9 9'9 10 1 3 0 0 1 1 16 

5,000 - 9,999 20 6 5 1 e 7 3 50 

10,000 - 14,999 21 8 15 2 6 9 5 66 

I 
!--' 

"' I)) 

I 
I 

lS,000 

20,000 

25,000 

- 19,999 

- 24,9 99 

+ 

7 

2 

3 

6 

2 

0 

4 

6 

2 

0 

0 

2-

8 

2 

1 

7 

0 

..,... 

2 

0 

2 

34 

12 

12 

'l'OTJ\L 72 23 35 5 25 27 13 200 
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TABLE 5 . 6 


Cross Tabulation of Frequency of Use and Income 


Frequency of Use 

Income 
0-5 

days 6-10 
- ----­ --- ­ -- ­ ---- ­ - - ­ - -

11-25 
--­ - ---- ­ 26-49 50-99 100-199. 200+ 'fO'fAL 

Less 

.. 

.., :'· 
than $3,000 8 0 0 0 0 1 1 10 

3 ,000 - 4,999 
I 

7 1 1 2 1 , 
.l. 3 1€ 

5,000 - 9,999 16 
I 

2 5 5 13 6 3 50 

I 
I-' 
N 
\D 

10, 000 

+s,ooo 

- 14,999 

- 19,CJ99 

16 

8 

2 

3 

11 

8 

12 

3 

14 

5 

8 

6 

3 

1 

66 

34 

2 0 ' 0.0 0 - 2 4 ' 9 9 9 4 2 2 0 4 0 0 12 

?.5,000 + 4 3 · 1 1 0 1 2 
. 

12 

TOTAL 63 13 28 23 37 23 1 3 20 0 



efforts on the ~1errimack was significant at the •Cl level. 

The elasticity of willingness to pay with income eva.luatecl 

in t ... intervaJ.s $5,000-$10,COO to $15,000-$20,000 is 1 • .2.'Le 

This income elasticity was derived by ass~ing all income re­

cipients in a elass are to be found at the mldpoint 0£ that 

class. 

As I indicated earlier, people have a qr~at deal of d i f ­

ficul ty in assigning 3.· dollar value to river qual.i ty. Thus, 

the income elasticity cited above should be treated with 

some caution. ':'here are two techniques whi..ch can be used. to 

circumvent t~e ?roblems implicit in directLy asking people 

about their willingness to pay. First, we can ask peop1e 

about expected use of the river! we can tha~ either lock d i ­

rectly at the variation of these user days by income or 

transform user days into dcllars to provide an estimate of 

the distribution of dollar benefits by inca:ne class. This 

user-day app~cach has ~lear advantages in tGrws of providing 

more reliable :::--:sponses thc:?.n wjlli:1gr.ess-to-pay questions. 

Fur the:i:no:ce. there is sc!~2 q'L!estior. :?.G t~ \';bs t!-.e:r th.: hi:,;)1. 

inco~e elast~ci~y generated by willingness-to-pay ~sl-imates 

is attributable to diminishing marginal utility of inccme at 

higher income lsvels or to a diffo::!:'e:ica in t!'~~ propensity of 

people at different income levels to use re:-creational facili ­

ties. A user day-income cross tabulation can help sort out 
' · 

these two·:fnfluences. 
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In Ta,l::,le 5. 6, the user day-income relB.tionship is Sl!lTl·· 

~~rized. The ~~dlan nwr.ber of days respondents expect to use 

the Merrimack, given ~ clean-up effort, for any recredtional 

activity .is 12.85 days. A primitive comparison of this figure 

with the median willingness-to-pay figure suggests t~at people 

value the provision o f an extra recreational day a.t about $1 • 

.Frequency of use, however, also varies with ir1come. Fifty-

eight percent of the responde~ts with family incoses less 

than $5,COO expected to use the river only five days or less. 

Only 28 percent cf thosa .interviewed with incomes over $15,000 

fell into this low use category. The relations!lip between 

frequency of use and income, however, seems t.o be S-shapeC.. 

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 refle ct the 

fact that low income people are typically either old, a:1d 

thus light users, or students, and therefore potentially 

heavy users. The relationship between frequency of use and ­

income is also significa~~ a t the . 01 le:vel. However, the 

elasticity of use with respect to income is, unlike the elas­

ticity of willingness to pay, quite low. If we evc:.luate 

elastic i ty between the intervals cf $3,000-$5,0CO and $15,000­

$20,000, we find an income e lasticity of only .42. 

The lower i ncor.te elasticity generated :Cy the user-day 

approach ·suqqGst:: that the primary reason lcwer incor.i.s people 
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pl;,.ce a lower v'alue on river clean-·up than do high ir.come 

p€ople is beca-..:.se of the different valuas these two groups 

place on money, and not because of dif fe rences in the ~eal, 

physi cal benefits which they expect to receive from water 

pollution abateme::J.t. This con•.::lusion, however, must be treat~a 

with some caution. In particular, use=-day estimates raflect 

only recreational demand for river quality improvements. Aes ­

thctic de~~nc and option dema nd are not captured in the user­

,,day approach. Willingness-to-pay e3timates capture bene­a ... .i.. 

fits of river quality improvemen~s. Sir.ce both aesthe~ic de­

mand and opti.on demand tend to be luxury goods, income elas­

ticity figures based on tl1a user-day approach will invariably 

be less than elasticities derived from a willingness-to-pay 

survey. In SUir.r<lary, the differential between user-da.y and 

willingness-to-pay income elasticities is a.ttributable both 

to the diminishing marginal utility of money and to the <lif ­

ferences in benefit definitions implicit in the two approaches. 

The use=-day approach to bene:fi t es tin;a ticn; while more ­

reliable than willingness-to- pay quasticns, still requi=es re­

spondents to make estinates of their f~ture behavior; thus, 

estirr.a. tion problems still exist which might confound the re­

sults . An alterna~jve app~oach is to infer willingness to 

pay, or demand for clean water, frcm data collected on the dis­

tancc people cu~rently travel to rec=ea~e. This revealed pref­
'l"'• •. .,,. 

erence or ientee tec~nique is a variant of the Hotelling-Clawson 

-132­



travel cost method d~scribed in Section s.2.1, Clearly, ~he 

use of miles c1.lrrently travelled as a pr.oxy for demand for 

river quality is imperfect. In particular, it provides only 

~ J.owGr· bound f.o?:" recreational b.:nefitz which might accrue t~ 

basi:1 residents from a clean-up of t~e ~·Ier.:-iraack. ~\Jevarthe -

less, since estimates of miles trevelle~ ~equire little 

"guess-work 11 on the part of responde:r.:-.s ! it is prcba;:>ly som8 ­

what more reliable tr.an ei~her the willingness-to-pc:.y or the 

user-day estimate. 

In Table 5.7, I present a cross tabulation of income ~nd 

miles currently travelled by respondents to recreat~ona..l £.::.cil­

ities. ~~a median distance Merrimack Basin residents currently 

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

primitive comparison of the willingness-to- pay estimates given 

earlier and distance travelled, it appears that Basi~ residents 

value a nile of distance saved at about $1.17. The data re­

veals a positive relationship between inco~e and miles tra­

velled for recrea tion. Thus, ~9 percent of the respondents ­

with !:a.nily ir:co~.::?s l2ss than $5,00J currently travel les: 

than 5 miles for recreation--rnost do not recreate at a!l or 

are less sensitive to river quality in their choice of recre ­

ational faciliti es1 only 34 percent of these interv iewed with 

incomes greater than $15,000 travelled less than 5 miles for 

recreation. The positive ::-elationship bet.ween ir.:corne c-.r.d 
,.,... 

miles travell~d is significan t at the .05 level. The elasticity 
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TADL.E 5.7 

Cross Tabulation of Miles Travellad and Income 

Miles 'l'rRvel le:d to 
Recreate 

0-5 
Income miles·-------­·-·------­ 6-·10 11-25 26-49 50-·99-­ 100+ TOT~L------­·---­·- --·· 

·~ =-· 

V:~s:; than 3, 000 10 0 0 0 0 () 10 

3,000 - 4,999 I 8 1 5 1 0 1 lii 

5,000 - 9,999 15 6 13 s 5 3 :n 

I 
10, COO - 14,999 28 6 16 11 5 r•.., (:; ,,.. 

.... (I 

~ 
(.,) 

~- I 

I 15,000 - 19,999 11 2 7 8 1 .?, 3~ 

20,000 - 24,999 4 1 1 1 2 3 :1 :> 

25,000 + 5 "" ~ 2 0 ., 
~ c l:!. 

I 

T0'r.:t-.I. , 81 18 44 29 19 0 
J 200 



I 

~ 

. ' 

of ~ilea with respect to i~c~ne is ~uite lcw; eval~ated in 

oitly ~2l. ~ C!.1ce again, this low elasticity at:. J.E:as t in pa.rt 

refl~!cts the narrow c:;:~finition of river c;ua1ity :i_mprovement-. 

ti1at the herrr:?fits of water poJ.lution a.oat~ment prcgr;~ms .in­

crease with inco::<e, The high incom.e e !.a;.>-1:"..ici.ty of der~and 

gene=ated by the willingn~s~-to-pay analysis fur ther s~;~ests 

th.at ::-:i.•;er q :1al i ty :! s a 1ux~ry goo:l--i. E: • demand for water 

pollution a.:'J.:1tel-::ent incre.:u::es more than firopcrtiona tely ;d.th 

incidents discussed in Chapter 4, suggests that new water pol­

lution abate~ent expenditu~es are likely to be regressive; 

th2.t is, pcor peop1e reap smaller net .ber:efits than C.o hig!1er 

income peo9l e . This result is discussed nore for~ally in 

Ill aadi t.ion to income, I also considered the relation·· ­

ship betweer1 -wi:li1;.~r1e3s tG pay and ed~cati.on and h<.'rne cw~er-

ship. T:~ese ~::-;:o cross t :ib1.: la tions are contained in Tables 5. 8 

ar.d 

As we rn~sht 0~pect 1 willingness to pay Ear water pollu­

tion ~ba.tec::r:!.':-:°t is ?O:siti·,;-e .!.y related to ec.~ucati.on. Fift::{ 

pc~cent of t~ose in~erviewea wit~ l e ss tha~ a high-sch~ol edu­
....,. ·. 


C.:it:ion estir!lat:ed th2ir \·1illin~nes.:; t:> pay a,t less thar: $5: 
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,__J~ 
TABLE 5.8 

Cross Tabulation of Bd:t.tcatior1 and WillinglH:!SS 't:~_PaY.. 

Willingness to Pay 

Education------­ $0-·5-··- 6-10 11-25 26-49---­ 50-99 1.0G-199___,_____ 200+ 'I'C1'?.. I..-----­......, ----·-...... 

Less 
;:·~ '."'~ 

than High School J. 8 3 6 0 
.., 
I 1 .l :~ 6 

I.Ugh School 31 10 13 3 6 11 7 '" ­,·"' ····· 
I 

. 
Some Coll.ege ' 14 5 9 0 a 5 3 .~!! 

Four Year ~ Collage. 0 3 7 1 ,
.J. 9 

, 
J.. !. £ 

I 

·­w· m ~1asters 2 
..,... 0 1 't- .... 

.; l I 
I 

Ph . D. l 0 0 0 "e.. 
~ ... 0 ••1 

TO'rAI. 72 ' 23 35 I. ' 
.) 25 2.7 ., ".1' 

..... ~· ~ ~"; z~ 



: . ...... 1.; .... • .I 


~ 
""" 

'I'A OI,E 5. S 


Crof;s Tabulation of T~cq~e o-..-nership and ~Hllincfhess to f av 
...__ "'::--·----­ --~'-

Willingness to Pay 


Hom~ Own!:rsh ._i.....P___, $0-5 6-10 11···25 21j-49 50-99 100-100 200·:- 'fCTl\t. 


OwnP.rs 50 ·13 29 3 2G 21 lO 154 

"JRcnt.ers 14 10 6 2 5 6 _, 1lG 

I 

...... 

w 
-J 

a::I ·roTAL 72 23 35 25 27 13 201).J 



only 23 pe:::-ct~nt of those :J.r.divic:~1.12..ls ~·rith. <:.:. ccllege e<lucatio.r. 

or more incica.ted this low willingness to p ay. The re la tir.m·­

ship between educa.ticn ar.d willin·;rness to pay, hc•11eve:c, is 

Hoss to pay; tile educa ti.c:•-·wi llir.s;.n.e.:;s to r:·a}' rel ;;~-!;:icnship is 

d.g~i~icant at cnl~, tr..:; . lC le:v-el. 

I furthe:c cons.ic'..::red the extent to wr"ich ho:nc ::·:·:nership 

altered people's willingness to pay for i mprove msn;: of the 

:t:i'v•er. Owning a hor:.·e in .:lll urea would :=.;ee.t:!. tc- incr~ase an 

individ ual 's a tta.-:C-..::ent to t.h:::. t area .::.nd, t~us, increase his 

willingness to pay for cleaning up a =iver in that area . 

F~rther, homecwne.r~ wi<;1h l expect to re2.p \·tin:J f .~l.~ ga.i r:::; .:..:: 

ter:.-ns of pr.=9erty valn-a i.ncrc::ases if th..e r .:hrer qua.l i ty is it'.­

proved. In fact~ the data collected in thLs survey substanti­

ates ~:his hyfothPsis; homeowners .i:;\ q~r:.e:::-al ha·1e a higher d:~-

nl.e.nd for river quality t han do rerite·cs. Tr.s medL.H1 l;;iiling­

nees to pa.y fer clean-up of the Herr inack is $13 .10 for heme-­

ov..·;,.::rs. an·.::. $9, 5:) .Ecr renters.· This relationship is sign.iii ­

cant at th~ .Gl :evel. 

Clear ly , inCC!!ie, c-:it~ca-ticn, and ho1~e ,.:·Pn~rshjp are not 

randcmly associat9d i~ the sample populetion. In crder to dis­

er,tar.gle these ·:a:cj.ables~ as v.'ell as to ccr::-ect. fer othe::::- ef ­

facts, I ran a regrAssicn analysis with these aTid other vari­

ables as inde?~nde~t ~ariables and willingness tc pay as the 
.... . . " ..... 

dependent variable. 
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The .;.stima.b~.!d equation i s bc.i..CiW; 

1. 	 W - .0012522 Y + 8.8761 S + .0278 E ? lC.5BJ P 
(. 0 O 10l ) (15 • O 2 ) ( 3 ~ 1. 2 9 ) ( ·L 1 O 1. ) 

+ 	 .29121 M 3.3508 H 

(.2021} (3.011) 


wh>:!re 	 Y - · income 
s = sex, l for male, 0 for female 
E -· education 
P ::. number of people i.n the f:~imi.:Ly, .:..n the. to:tse 
N = miles currently travelled to recreate 
H = home ow-nership, 1 for ren ::er, 0 £c•r ov-mer 

Sta.nda~d errors a.,.·-=- gi•,ren in parentheses . 

The reg~ession results reported here should be inte=pre­

on coded va~iabl.es. Nevertheless, ~11 of -the var~. abl2s in th<3 

estimat~d equation were of the right sign. A calculation of 

beta weights for the coefficients indicates th.~t tr-.2 nest i m·­

portant deterrdnants of "lillingness tc pay for i:mr::ro•1ed :::-iver 

quality are family size and heme ownership. Ir-.conv~ <lnd the 

distance currently travelled for recreatim"'! are a:so importc:mt. 

The income elasticity derived from the regression coefficients 

above .is • 70, whid1 is somewhat lower than that estirnatsc< £.ro~~ 

the cross tabulations. The coefficie~ts of sex ~~~ educatio~ 

ar e both insignificant; undoubtedly t~e high collinearity of 

education and income is partia::..ly rssp ..:n:s:-.J:::.e for t~e weakness 

of tr,E> ::! d. 11 . .:-;a t i.en 'far iablt:. On i:hs ot~1cr hand, to 

that lower inccrnes ·r el?orted by t!1e survey pop1:lation understat~ 

true inl.'.:cm.!=3, G.ue to t'i1e:: p:ce::;2nce of studen ::s and the aged. ir. 


the sample, regressivity ~ill be unaeresti~ated. 


-139­

http:va~iabl.es


some adjustment. In particular, in S~ct1cn 5.1: I discussed 

the pro'bl~ms i.rnposed .by endogeneity of tc:i.ste .c.:; for interprt1tJ.ng 

~ ant.~- willingness-·co-pa y f igu:~es. I s uggested there that, 

lc:.rgely becaus.a of le.;irning-by-·doin<j ~ffeC':ts, J:';sidents of 

ar·e.as with relatively goo(, wate.!:' q 1Jality ~·1ouJ.d value water fi<i:L­

lution abai:er:-ien t efforts mr;re than residents of are:c.s i.!1 .,.,hi::::~ 

the river has historically been badly pol l uted. Data col!ccte1 

in this survey provide some support for ·this hypot~1esis. Ir: 

particular, the North Branch of the Nashua River, a tributary 

of the Merri~ack, has been badly p0lluted for some time. If 

we compare the median ·willingness to pay for river clean-u.9 

of res.i<len ts of t';)wns :i.n the his to.!:' ically clear.er nort!-~ i•!ei:ri ­

mack r egion, w~ find significant differences in respcn~ents' 

willingness ~o pay. In particular, the raedian willingn~ss to 

pay of res.idents in tmms o:i the Nashua is $8. 75; for re2iden~s 

on the nor tr. section of the Merrimack, rnedia.n will ingnes=: to 

pay is $13.75. This higher willingness to pay for witer qual­

i i:y i!i~proverne.:'ts ty -residents -of the north Merrimack r::gicn 

is particularly striking when we consider the fact that this 

area at present requires less water pollution abatement; it is 

already clea~er than the Nashua. 

Thus, the agg_regate benefit: estimate of Sl2.14. per year 

per basin resident in all likelihood ~nderestimates the 

"tr1.!e" bene.Ci ts of water pollution abatement prograrr.s. Hore ­
..... . . : ,,~; ·. 

over, if, as migh~ be supposed, the lea=ning-by-doing 
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phe.ncmen~:m. a :Efer::ts low incCJme people more t:han high inccrr.e 

. .. .. . .... , 
!.IlU l.V::LOi..ia.L.~1, the· e.Y~· ante willinqness-to·-cav estimates de­--4 -··-- - - ­

m~y well overstate the ::-egressivi ty of \·1ater pol-

In .:hapter 3 of th:'...s study , a number of determinants of 

intermunicipal.:i.ty variance in -:·1a.ter pollution a.batement ex­

penditures were identified. To what exte~t are these inter­

municipJtli t:y expendi tare determinants ccnsistent \·ri th the 

individual demand deterrninant.s derived in this chapter? In 

short, to what extent are cormnunity preferen~es acGurately 

reflect~d in the political procass? 

Income and proximity to the river were important vari­

ables in detei.-mining both individual demand for and tm·m ex·­

penditures on river quality improvements. In both analyses, 

income elasticities exceeded one; thus, both on an individual 

basis and in th:::? town de(:ision, water pollutio~ abatement ap­

pears ~s a l uxury scod. 

Propert::i cwr.ers:::i? fc::::-cd less well. In parti=ular, in 

the political model, the percentage of town residents who 

were homeowners was inversely related to the level of expendi­

tures chosen by t~wns on water pollut~on abatement. Thu3, 

town decision makers seer:. to believe that awning a home de­

cr~ases d$.nand for water pollution abateMent; in short, the 

tax cffee ts dominate. The benefit survey, hm·:~ver, suc;gests 
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that homeow:1ers have a higher. derna:1d for river quality than 

do rentr~rs, despite th0 fact tl1at tht~y recc('l,;rnize that they 

will be incurring a h_igher perce'l.tage of tl:e ccsts cf that 

In short, in this area, the political 

mech.~.nisrrt does not seem to be accurately :.•:::fleeting ::c:mraun:... ty 

5.4 	 ':'he "t'!'8t Tncide~ce c:f W.::.ter Pollut:i. cn .Abatement Efforts 
on"tEe N2rr"1.m.:tc.~ 

The willingness-to-pay survey conduct~d in the Merrimack 

River Basin strongly suggests that the benefits of water pol­

luticn abatement efforts are pr0;ressive; that is, benefits 

increa.-::e mart:: tban prcport.i.onate~ly ':'lith inc·::::rue. Moreover, 

the costs analysis of Chapt:e~ 4 suggest~ that: the cost cf 

these programs is regressive; cost burdens in~rease lass than 

proportionately with income. Thus, it is clear that the net 

ber.c.f. i t.s of water pollutior.. abatement programs r:mst also be 

regressive. Is is possible to quantify th~s regressivity 

more prec:isely? 

In Chapter 4, t:~rua ezt:i.mat.es of the dis-tribution of 

the local costs of wat8r pollution abatement on the Me~rirnack 

were oiJ tlin.ed: one assil."':":ir.'.g' ful 1 property tax f i _nan.cing and 

two t:\O:r:e hybr:..d estinates ·,,-h.:..ch as.sl...:mtd varying corr~inatior:s 

of expenditure substitutio~ and pro~erty taz financ in~. In 

deriving net ir.cide.r._ce, the ;:>ore cc;.1serv-::tti-.re of the two 

hyb:ric ccs~. distributions was compa:.-ed with the benefit dis­
.: ,.. ·, 

tribution derived from the :..Tilling~ess·-to-p:?.y survey. T:tble 

rl 
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s.10 t1'1f.. s and provides an esti ­

m:.t~ of. the incide;-!ce of an:nua1 :r:.et be~c~fits from water q:.ial ­

'!'ABLE 5 .10 

-·--·---------·-----·-·----- ---------·-·-­

Inco:.7te Level N~t. Benefits 

Less thc.n S 3 ! i.:oo $ .20 


3 f 0 0 1) - 4 , 9 9 9 .OJ 


s .. oco 9,999 3.03 


6.87 

14.50 


20,000 + 11.25 


The dat3. s 119:;-ests that all income groups benefit:, on 

net, from 1,-::iter ;:;olluticn abatement. However, thrcughc·,_it t.i·1e 

bulk cf the in=ome range, net benefits are sharply progres­

sive. This result suggests that some policy-changes in th~ ­

areas of financing and implementing the new federal water 

quality dire~tive might well be appropriate . 

. : ~~.. : 
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Thi£ si:.ndy focused on two principle issues;· first, how 

ar'= the le;tel and financing of .lccal wa te:- pol.J.uticn abc:tc­

mcnt expenditures determined? Secondly, what are the effec~s 

of these expenditure decisions on the level ane ~istribut~on 

of real iILc:ome? Both questions were addresser]. by using f~m-

p3.:cic~l evidence from the Merrir,1ack River Basin. 

Despite fairly stringent federal legislation, the evi­

der.ce sugges'l:.s tho.t local governments retain substaP.~ial dis­

cretion in choosing pollution abatement expenditure levels. 

Data furti1er indicate that towns ~xe.rcise t!"lis discretion 

large ly in resp c!'lse to cor..r.iunity prefe;:-ences for clean watc:r; 

thus, sli9htly more than 35 percent of the intermunicipality 

variance i.n water polluticn abatement expe~ditt.1
•.?:'es is e.>:plic·­

able by community preference variables. Town median inco~e , 

proximity to the .r-iver, and home ownership are the most sig­

nificant 0f these preference surrogate3. 

Var iation in cor.i~r'. :t it.~· p_references f c.=- _river quality 

irnprov<:ne;1t , however,. ::s cot t!le •::hole st.cry . 

generated by this study strongly suggests that the levels of 

political co:npetition in an area hnve a significant effeet 

on water poll~tion abatement expenditure levels. In p:?.::-~ic~-

lar, strong political c0mpeti-tion seems to ha1,;e a d-=p=essi,,g 

effect on expenditure levels, as ~ell as on the propensi'l:.y 
~... . 

of towns' :£o finance exp~ndit~res tr.rough increased taxa~ion 

-




rather d1ar~- through expendi ture substitutions , This result 

is consistent with an organis!'1ic model o:: the state, in which 

local gover~:ient decision-makers beha·;,re as growth-maximizers, 

subjec·:: to a voting co:r..straint. At a n.inim\llll, the evidence 

generated b y ~his research susgests t!1e ne<;d for furth£r 

work based on the organismic state rnod~l. 

The net benefits o f water pollution abatement expendi­

tures appear to be progressive: that is, benefits increase 

more than proportionately with income, and costs inc!:"ease 

less than proportionately with income. Qua~tifying the net 

incidence of the water program requires making a number of 

rather tenuous assumptions; however, the fact of progressiv­

ity of net benefits persists under a wide range of alterna­

tive specifications of cost and benefit distributions; only 

the extent cf that progressivity varies. 

Cur=ent water pollution abatement programs, then, appear 

to run cou.nter to federal sta'!:ed objectives of equalizing the 

income distribution._ Yet, wh~n vie\·1ed as a package, these 

programs appear to be efficient: that is, benefits excaad 

costs. Thuil, abandoning water pol!uticn abatement appears to 

. . t 1be an inappropria e response:. Givan the need for sorae 

water qua lity inprc~enents, what progr~m modifi~ations might 

1 b d . . . 1A ~~ oning ~nc se pr ogram3 is a so, not incident ally , 

likely ~o : ;pe politically unfeasibl-e. 
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be most appropriate as a. •·ray to rerr1edy m::tldistri.bu tional 

side effects? 

First, the larger the federal share of pcllution abate­

ment expencitures , the mere progressi1•7~ will be the costs of 

these programs. Thus, one solu·::ion might be tc s~ift cost.s 

.to the f~deral level, wher-; taxation tends to .oe most pro­

gressive. This stud~· suggests, however, tr.at an alternative, 

less radical solution is available. In particular, cost in­

cicence is quite sensitive to the mode of financing used by 

local goverr.ments. Thus, local governments might themselves 

remedy the maldistributional impacts of water pollution abate­

ment by shi~ting at..,ay from property taxation and tcw3.r:'.! a 

form of either recreational user charges or expenditure sub­

stitution • 

. : 
..'\·: . 
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