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Costs of Taxation and the Benefits of Public Goods: The Role of
Income Effects

Perhaps the central questions for government policy makers argodus,in what
guantities, they should provide, anthat level and mix of taxesthey shoulduseto pay for
them. Given the importanceof thesequestions,one might expectreasonableagreement
between economists on approacteansweringthesequestions Currently, however there
are sharpdifferencesin approacheso dealingwith the incomeeffectsof taxationusedto
finance spendingon public goods, which lead to substantial differences in policy
conclusions. Thebjectiveof this paperis to understandhesedifferencesandto propose
ways to reconcile them.

Stiglitz and Dasgupta(1971) and Atkinson and Stern(1974) identified an income
effectignoredin previouswork asa potentiallyimportantinfluence on the costsof taxes
used to provide public goods. Triest (1990, p558), Ballard and Fullerton (488Pahlby
(1998) subsequentlydentified a consensuén the literaturethat estimatesof the marginal
costof funds (MCF) raisedfor the provision of public goodsshould take theseincome
effectsinto account.Mayshar (1990) suggesteddoing this by measuringcompensated
impacts on consumerwelfare via an expenditurefunction, but using uncompensated
governmentrevenuesby including the effects of tax-induced income changeson
consumption of taxed goods.

Many studieshaveattributedimportant policy implicationsto this methodological
change from traditional approaches to the marginal cost of funds (eg Brok@v6gL987)
that are based purely on compensatedesponsesAtkinson and Stern (1974, p127),
Auerbach(1985, p112) and Ballard and Fullerton (1992, p122) suggestthat the income

effects associated with raising taxes may reduce the social costs of tdalesramd hence

" We recognize that governments produce many goods that are not purely public goods. However, as noted
by Devarajan, Squire and Suthiwart-Narueput (1997), governments, particularly in developing countries, are



expandthe rangeof public goodsoptimally providedby governmentsFullertonO$1991)
analysis suggestedthat this effect could be large. On his calculations,the marginal
efficiency cost of a dollar of US government revenue from taxes that bear omvianly
a quarter as large when these income effects ineleed. Although Feldstein(1999)and
Auten and Carroll (1999pund relatively smallerpoint estimatedor the incomeeffectsof
tax changesthe inclusion of theseincomeeffectsstill appeargso reducesubstantiallythe
estimated marginal welfare costs of taxation.

As well as appearing to have major polinyplications,including the incomeeffects
of taxation without those associatedwith public good provision has considerably
complicatedpolicy analysis.Ballard (1990), Mayshar(1990), Creedy(2000) and others
havearguedthat the approachusedto calculatethe costsof providing governmentgoods
should differ from that used for evaluating balanced-budget changesrateaxnderthis
view, at leasttwo MCF measuresare seento be needed,dependingupon the type of
Othought experimentO being conducted. One such measure, includingrifeeffectsof
taxation, is to be used for balanced-budgegterimentsn which taxesareraisedfor usein
OexhaustiveQyovernment spending; the other, with income effects excluded, for
Odifferential-incidenceO experiments such as changesaxdésasedto raisea particular
amount of government revenue (Ballard 1990).

We think it potentially misleading to use different measureth®marginalcostof
the sametax, identified with different fiscal Othoughexperiments@boutthe ultimate use
of the funds raised. In contrast we show that eityy@® of measurecanbe usedto evaluate
changes in public good provision, as long as the income effects of public good praxasion

treated symmetricallylt seemsclearthatthe modelusedto makea full assessmentf the

focussingtheir activitiesincreasinglyon providing public goods.A focuson purepublic goodsalsohelps

clarify the key pointswe wish to make.

* For consistent and widely-adopted elasticity values, Fullerton (1991) estimated the Marginal Excess
Burden (MEB) excluding these income effects-- which he defined as (MCF-1)-- of US labor taxes as 0.25
and the MEB including these income effects as 0.07.

* As notedby Joneg2005),this doesnot meanthattheincomeeffectsof public goodprovisionshould

appeaiin the MCF, which we believeshouldfocuson the costsof taxation.



implicationsof tax and spendingchangesmust representhe income effects of both tax
measuresnd public good provision. A surprisingfeatureof the way theseincomeeffects
havebeenincludedin much of the literatureis its partial nature.The tax revenueeffects
associatedwith real income changesdue to provision of public goods have not been
explicitly treated,exceptin a few studiessuch as Wildasin (1984), Slemrodand Yitzhaki
(2001) and Jones(2005). We find that including incomeeffectsin a more comprehensive
way substantiallysimplifies the analysis,allowing all income effectsto be collectedin a
multiplier independenbf the public goodsbeing provided, along the lines of the Hatta
(1977, p4) decomposition.

Somequestionwhethermeasure®f the marginal cost of funds are neededat all.
Under this view, all that is neededis to specify a model, and to assessthe welfare
implications of funding the provision of particular public goods using particular
combinations of taxes. Thisew rightly highlightsthe importanceof specifyingthe model
correctly,andraisesthe questionof why previousmodelshave resultedin such different
answers.

Despitethis view, we think that summarymeasuresuch as the marginal cost of
funds are important for two reasons.One is that they allow policy analysis to be
decentralized. Once a model has been develapezh providesa relevantmarginalcost of
funds, those working on only part of theoblemNsuchasthoseresponsiblgor decisions
on particular componentsof spendingNcanuse this single parameteito adjust between
benefitsto the private sectorand coststo the governmenin making their decisionsabout
costs and benefits of public goods, without needing to have acabsstimpletemodel of
the economy. A second reason is that measuréee ofiarginalcostsand marginalbenefits
of funds are useful in sensitivity analysis, which is important givemtwtableuncertainty
about the true values of key parameters.

In sectionl, we provide a simple but generalmodel, including all relevantincome

effects,that canbe usedto evaluatethe benefitsof public goodsandthe costsof taxation.



Then,in Sectionll, we useit to estimatethe implications of providing public goodsand
raising funds to pay for them. In Sectionlll, we examine the implications of using
compensatecand uncompensatedneasuresof the cost of taxation when evaluating
provision of public goods. Then, Section IV examinesthe empirical effects of using
different approaches in thrauch-studiectaseof the US incometax, both usingtraditional
parameter values and those from more recent literature thairisk@scountmore margins

of adjustment than traditional labor supply elasticities. Section V concludes.

I. The Model

For our analysis,we needto representgovernmentproduction;the behavior of
consumersand producers,ncluding the value to them of public goods; and the budget
constraintsof the governmentndthe private sector.As well as allowing for conventional
consumerdemandand labor supply responsesthe framework used must allow for the
broaderresponse®f taxableincometo changesn taxesemphasizedy authorssuchas
Feldstein(1995, 1999) and Gruber and Saez(2002). Since governmentsmust choose
betweeninvestmentsn many different public goods,and many different possibletaxes,a
frameworkthat allows for choicesamongtheseoptionsis needed.To meetthis need,we
develop a model of eompetitivesingle-householdeconomy,incorporatinga costfunction
to characterizegovernmentprovision of public goods; an expenditure function to
characterizebehavior of the good-consumingand factor-supplyinghousehold;a profit
function to represent production activities)d budgetconstraintsor the private sectorand
government.

For simplicity and for consistency with most of the literature, we assumhenarket

prices are fixed eithdvecausehe productionstructureis linear or becausef international

" Inclusionof multiple householdsvould complicatethe analysiswithout providing additionalinsightsinto

the issues we consider. The valuation of the overall OhouseholdO for any public good includes, following
Samuelsor{1954),the sumof the marginalratesof substitution(MRS) of theindividual peoplerepresented

by this householdrelativeto a numeraireprivategood.In this analysiswe considerjn addition,thevalue

of public goodsin production.



tradein a small economy. Someprivate goods and servicesare not subjectto taxesand
their price is the numerair&larket pricesof private goodsare shownby p*. The vectorp
refers to the prices girivate goodsand servicesfacedby the householdandthe vector of
taxes is given by (p-p*). lthis analysiswe consideronly taxeson privately consumecdr
supplied goods, althougieneralizationso taxeson trade(Andersonand Martin 1996) or
production are straightforward.

Costs of providing public goods arerepresentedby a governmentcostfunction
c(G, p*,t) which showsthe direct costspaid by the governmentfor the inputs of private
goods andservicest usesto produceits exogenously-suppliedectorof public goods,G.
This cost is determined by market prices, p*, and a vector of efficiency paramedsigell
as the governmentOsupply of public goods, G. We assumethat the governmentcost
function is a well-behaved multi-input, multi-output cost functibhis specificationimplies
that governments seek to minimize the costsrotiucingtheir chosenvectorof outputs.If
costs are higher or input demands less price-responsive thandbkl/be in a competitive
marketenvironmentthis canbe representedhroughthe t parametersand/or lower price
responseparametersg, . Standardminimum-valuefunction propertiesimply that the first
derivativeof ¢ with respecto G, c; , is a vectorof the marginal direct costsof providing
public goods.In Samuelsond4954) terminology,c, correspondso the marginal rate of
transformation (MRT) between public goods and a private numeraire good.

Household behavior is representedoy a function e(p,G,u) which gives the
minimum net expenditureon private goods necessaryo maintainthe utility level of a
representative household given a vector of public goods, G. Goodsmkssuppliedby
householdssuchaslabor, arerepresentedy negativeelementsof e, and associatedvith
negativeelementsof (p-p*). G appearsn the expenditurefunction becausepublic goods

affect welfare directly throughthe costNin termsof private goods--of achievinga given

° Neary (1995) provides a framework for extending the analysis to the case where market prices change.



level of utility. For example, government provision of polsegvicesmay reducethe private
expenditures on security needed to achieve the same level of utility.

Producer behavior mustbe includedin the model becausegovernmentactivities
are frequently designed to increase productivity in the production sector. It is représented
a constrained gross domestic product (GDP) function, g(p&l@h showsthe net profits
obtained from production activities after purchasing supplied factors and intermepidte
at market prices, p*. G appears in the GDP function becauseraasen G may increase
profits from production, as when government-provided roads lower the casaagorting
intermediategoods. The vector p doesnot appearbecausewne focus on taxes levied on
households.

Private sector behavior overall is representedy a net expenditurefunction, E,
definedasthe difference betweenthe representativeeonsumerOsonstrainedexpendituré
function, e(p,G,u), and the constrained gross domestic product function, g(p*,G).

Increases in elements of G which are valued bytheseholdand/orproducerswill
lower the private costof achievingany given level of utility. Thesevaluationsare given by
the vector E which is negative for products valued by the privstetor,and equalto minus
the virtual price vector,x, or the marginal willingnessto pay of the private sectorfor the
goods.

Budget constraints: The governmentbudget constraintand the private-sector
budget constraint are defined as:

c(G,p*r) - [p- p*]'ep(p,G,u) =B  government budget constraint(1)

E(p,p*,G,u) =a private budget constraint. (2)

The governmentbudgetconstraintin (1) specifiesthat the governmentdeficit, or

spendingon its input purchasedess its revenuefrom taxeson consumptionor factor

° The expenditure function may represent the supply of labor from the representative household using
negative demands for supplied commodities.

" Notethatzx incorporatesSamuelson@simof the valuationsby individual consumersandthe valuation

of the production sectorgg



supply,is equalto an exogenoudransferfrom the restof the world, . The private-sector
budgetconstraint,(2), setsnet expenditureby the private sector equal to an exogenous
transfer from the rest of the world,

While we do not needtheseextensionsit is clearthat the model could readily be
generalized to include user charges on government-provided goods wheggdlieasible;
lump-sum transfers from thgovernmento the householdtaxeson governmentagenciesO

purchases of inputs; and taxes on trade or on business inputs and outputs.

Il. Analyzing Provision of Public Goods

We analyze garametricchangein G, financedby an endogenoughangein taxes,
resultingin a changein the pricesfacedby householdsdp. Totally differentiating(1) and
(2) with respect to G, p and u we obtain:

s - (P~ P*)'e, JdG = [e +(p- p*)'e, Jdp + (p- p*)'e, du 3)

E dG + ep'dp + edu =0. 4)

The term pre-multiplying dG in (3) combines tthieect costof governmenbutputs,
C; , with the impact of the changein G on governmenttax revenuesthrough
complementarity/substitutabilin;elationships(p-p*)'ep o » originally identified by Diamond
and Mirrlees (1971). This coefficient on dGitie full fiscal costof the public outputNthe
direct budgetcost less the indirect, compensatedmplications of changesin G for tax
revenues.

To maintain fiscal balance when G increases, taxes leusisedthrougha change
in p, dp, sufficient to pay the full fiscal cost, taking into account the change in the Iével of
taxedactivity resultingfrom the substitutioneffects of tax rate changesand public good
supply,andthe incomeeffectsof all of the changesnvolved. Thetermin squarebrackets
on the right-hand side of (3) decomposesdbeilibratingtax revenuechangeinto two key
components. The,ép term is the direct impact tfe tax changeson tax revenuesThe (p-

p*)'e,, termis the tax revenueloss andthe marginal deadweight loss resulting from the



householdOsompensatedesponsedo changesn prices brought about by changesin
taxes.

In maintaining fiscal balance, governments typically have a number of diftares
available to them, and the cost of raising funds depends on taiesare changedand by
how much. An intuitively-appealing tax package is one which expresses chatgesaies
relativeto marketprices, p*, of taxablegoods--if units are chosensuch that the market
prices of these goods are initially one hundred, thenehidtingchangesn the pricespaid
by householdsanbe interpretedas percentaggoint changesn tax rates. Alternatively, a
tax package might be defined in terms of changéisahouseholdoricesof taxablegoods,
p, Na potentially attractive approach if the initi@x mix is closeto optimal. A tax package
might also be definedin termsof its impact on initially-applied tax rates,as in Feldstein
(1999, p678).

When seekingfiscal balance,governmentdrequently raise tax rates on different
goods by different amounts, and may el@mer sometax rates.Suchtax packagesanbe
representedy a diagonal matrix, W, of weights on different price variablesNwherea
unitary weight means full inclusion of a good in the tax reform package, anorg#ies its
exclusiol. Givena W matrix anda chosenprice base,a vector of price changesmay be
defined as dp=_g¢dwhere _is the product of W and the chosen Ipase vector,andd¢ is
a scalarusedto find the overall size of the changein tax ratesneededto achievefiscal
balance.For a tax changespecified relative to market prices, _ = W.p*. As noted by
Sandmo (1998, p378)vhenevertaxesare non-optimal,the choiceof pricesto be adjusted,
and the relative magnitudesof the price changesto be imposed, may have important
impactsNfor example,sometax reforms, such as thoseinvolving reductionsin high tax

rates and increases in low tax rates, may yield a compensated MCF less than unity

° Packageinvolving weightsabove or below, unity might alsobe usedto increaseor decreas¢he

importanceof particulartaxesrelativeto othersin theinitial tax mix.

° As is emphasized by Dreze and Stern (1985, p919), there is an element of arbitrariness in specifying how
revenue impacts will be dealt with, and the combination of a bad project and a good tax reform could result



For any specified tax package, we can solve equatidor(3)e scalardp neededo

maintain fiscal balance:

dp =1/[e’_+(p-p*)'g,1.l{cc-(P-p*)e } dG -(p-p*)e du] (5)

The term dp in (4)nay be replacedby _.d_ with d_ obtainedusing (5). Then,usingx for

the virtual price of public goods, we obtain:
(1-MCF(p-p*)_). gdu= [x' - MCF{c;-(p-p*)'e }]dG (6)
or

gdu = FXM. [« - MCF{CG’-(p-p*)'epG}]dG (7)
wherethe FXM term (:1/(1-MCF(p-p*)'_r)), to be explainedbelow, is the welfare

effect of a transfer from the rest of the world to pineate sector;MCF is the compensated
Marginal Cost of Funds, alsexplainedbelow; and, is a vectorof incomeeffects,g, /e,.
The expressionn curly bracketsis the direct costof the goodto the governmentdjusted
by the impact of its provision on tax revenuesNfigeal costof the good identified above.
The termin squarebracketson the right hand side of (6) and (7) is a netimpact of the
change in Gb the difference between its virtual price, !, and the profittet MCF andthe
fiscal cost of the public good.

The FXM termin equation(7), frequently termedthe foreign exchangemultiplier
(see Anderson and Neary 19952, for a discussiornof the concept),measureshe impact

of a change in the transfer fratime restof the world to the private sector,d_, on a money-

metric measureof householdwelfare,as shownin the Appendix. Note that the FXM term

in acceptance of a project that has lower returns than one evaluated against a higher MCF. A pragmatic
solution, consistent with the widespread practice of calculating generalized MCFs for each economy (see
Devarajan, Squire and Suthiwart-Narueput 1997), might be to estimate a feasible marginal tax mix for
revenueexpansior(or reduction),andto usethis sameMCF in the evaluationof all spendingalternatives.



dependsauponall of the caseswhereincome effects operateon goodsthat are subjectto

initial taxes, and hence affect the value of the inner product (pl-p*)'_

The FXM coefficient is not generally unity in distorted economiesbecausea
transferof $1 to the private sector sets off spendingeffects that affect tax revenues
wheneverany tax is levied on an income-responsivgood. If the additionalincomein the
hands of the private sector is spent on normal goods subject to positiveherasill be a
second-round benefit from reductions in distorting taxes and FXMowijreaterthanone.
If, by contrast,the additionalincomeincreasesconsumptionof untaxedgoods, such as
leisure, and hence reduces the supply of taxemtissuchaslabor, FXM may be lessthan
one.If thesenegativeincomeeffectswere sufficiently strong, FXM could conceivablybe
negative in sign. This seems@riosum since it implies a situation whetiee welfare of the
private sectoris reducedby receivingunrequited unrestrictedransfersfrom abroad. The
conditions thatefine a positive FXM mustbe metevenif e du is usedasthe criterion. If
FXM is negative, then the uncompensated money-metric measure of wabiage g, du in
equation (7), will also respond in the OwrongO way to tax changes.

As longasthe FXM termis assuredlypositive, policy choicescanbe basedsolely
on thetermin squarebracketsin equation(6), which weighsthe benefitsof the project to
the household against the fiscal costs multiplied by the MCF. Our MCF term is defined as

MCF = ep'_/[ep'_ + (p-p*)'e,, ] (8)

As is shownin the Appendix,this MCF is the compensatiorio the private sector
needed to maintain the initial utility level whére governmentreducests transferfrom the
restof the world by df and meetsits budgetconstraintby raising taxes.Thus, the MCF
maps income in the hand$ governmenithe socialincomeof Little and Mirrlees (1974))

into income in the hands of the private settor

" Hatta (1977) and Anderson and Neary (1992) discuss more formal conditions.

" In the cost-benefititerature(see for example Squire1989,p1104),governmenbutputsaretypically
soldto the privatesectorat their marginalvalue,allowing costsandbenefitsto be presentecitherin terms
of incomein the handsof governmenbr the handsof the privatesector.In our application the costsare

1C



This MCF termis a compensatedersionof the marginalefficiency cost of funds
(MECF) definedby Slemrod and Yitzhaki (2001, p192). For a single-tax economy, it
corresponds to the familiar compensated MCMaf/shar(1991,p1329).Its numeratoris
the cost to taxpayersfrom a marginal changein the uniform tax surcharge,¢. Its
denominatoris the increasein revenueachievedwith the (compensatedhouseholdand
government agencideee to respondto the incentivescreatedby the tax changesBecause
the numeratorof the MCF will generallybe larger than the denominatorithe MCF will
normally be greater than one. Note that the columng, abtevant tathe value of the MCF
areonly thosethat correspondo a non-zeroelementin the vector _. This contrastswith
FXM, which necessarily involves all initial taxes on products with non-zero income effects.

Intuitively, the MCF measureghe inefficiency of tax policy, asit generallycosts
morethana dollar of privateincometo raisefiscal revenuedy onedollar. An important
specialcaseis the MCF of a tax on goodssuppliedor demandedy the householdwith
zero compensated price effects relative to any price. In thistbaddCF is unity since,by
symmetry, the relevant columns gf eontainonly zeroelementsThis intuitive propertyis
not necessarily shared oyjcompensatetheasuresywhereincomeeffectsfrom changesn
lump-sumtaxeswill influenceexcessdemanddor taxedprivate goodswheneverthereare
initially-taxed goods with non-zero income effects.

Like Schsb (1994)Slemrodand Yitzhaki (2001) and Jones(2005), but in contrast
with Ballard and Fullerton (1992, p115) and Snow and Warren (1996), we exclude the
effectsof public good provision on taxed private goodsfrom the MCF and the related
marginal welfare cost of taxation, which is MCF-1 using cwmnpensateevelfare measure.
The compensatedvelfare effects resulting from changesin public-good provision, (p-

p*)'epG.dG, can usefully be thoughtof as part of the fiscal cost of providing particular

public goods(as in equations(6) and (7)), and dealt with separatelyfrom the costs of

borne by government and the marginal benefits, !, accrue to the private sector, making conversion
necessary.
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raising revenues. This allows the M@¥-be estimatedndependentlffrom decisionsabout
the type of public goodsto be supplied,and avoidsthe stumbling block to progressin
obtainingimprovedestimatef the marginalwelfare cost of taxationidentified by Snow
and Warren (1996, p303)Nthe perceivedneed to include estimatesof the impact of
government spending on taxed activities in the MCF.

Equation (6) has an extremedimple, powerful interpretation Whethera changein
governmentoutputsis welfare-improvingdependson whetherthe direct valuation of the
changeby agents,t'dG (or _MRS.dGin the notation of Ballard and Fullerton (1992,
p118), plus g) exceeds the compensated MCF times the fiscal costs (piusahdirect, or
the MRT plus induced tax revenue effects) of the gdtids is a key result,and providesa
very simple guide to fiscal policy decisionsfor pure public goods.It is, in effect, a
reaffirmationof the Pigou (1947, p34) doctrine,which hasbeeninterpreted(see Atkinson
and Stern 1974; Auerbach1985) as basingthe marginal cost of funds on compensated
demandresponsesAs we will see,this result arisesbecauseve have gatheredall of the
income effects otthe left handside of equation(6), ratherthantreatingthe incomeeffects
due to tax changes separately from those due to provision of public goods.

Equation(6) also revealsthe fundamentalproblemwith the widely-cited (seeNg
2000) conclusionof Kaplow (1996, 2004) that the MCF of funds usedfor public good
provision should be unity. While Kaplow correctly includes both the spendingeffects
arising from both provision of public goodsandthoseresultingfrom raisingtaxesto pay
for them, he ignorethe substitutioneffectsinherentin the MCF whenconcludingthat the
supply of laboris unaffected(p514) whentaxesareraisedby exactlyenoughto eliminate
the welfare benefits arising from provision of the gdathile sucha compensatinghange
in taxes can exactly offset the income effects of public-good provision, it canexpéeted

to offset the substitution effects of the tax change as well.

[ll. Compensated vs. Uncompensated Evaluation Methods
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An uncompensated measure of the marginal cost of funds can abtabedfrom
equationg3) and(4). Substitutingfor e,du from equation(4) into equation(3) yields an
expression:

[cs - (- p){e,FNdG = [e, +(p- pfe, - & Idp 9)

As in the previousasewe definea policy reform suchthatdp = _.d_andusethe
governmentbudget constraintto solve for the changein tax rates neededto maintain
government budget balance. This yields:

d_=1/[€e_+(p-p*) (8§, - &)_I[c-(p-p*)(e ;+, )] dG (10)
Substituting(10) into (4) yields a money-metricexpressionparalleling (7) for the
welfare impact of dG:
gdu = [!"DMMCF.{c;-(p - p*)'(epG+_|!')}]dG (11)
where MMCF = g_/[ep‘_+(p-p*)'(q,p- —&,)_] is anuncompensatetheasureof the
marginal cost of funds. For a single tax on labor, this is exactly the uncompevizeof
Mayshar (1991, p1329).

Note that the responseof taxed private good demand/supplyto the provision of
public goods in equation (11) is also an uncompensatedmpact, (epG+_|!'). If the
uncompensateIMCF measureis to be used,uncompensatedneasuresmust be used
throughout the model. If the inclusion of income effectsaxedgoodsin the denominator
of the MMCF, through the terme,’_, reduces the measuredstof taxation,this benefitis
offset by the addition of the term MMCF(p-p;)dG, which takes intoaccountthe income
effects of providing public goods.

Since the overall income effect of raising taxes and using them topaymarginal
unit of public goodsis zero at the optimum, thesetwo spendingeffects must exactly
counterbalancesach other at the optimumNas is evident from the right hand side of
equation (6). This is why the use of the uncompensatedneasureshas no policy

significance .Despitewhatis frequentlysuggestedseeBallard and Fullerton1992,p119),
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this lack of policy significanceapplieswhetheror not the public good is a perfector an
imperfectsubstitutefor cash.All thatis requiredis that the public good affects welfare.
Unfortunately, many studies advocating the ustheMMCF approachhavenot notedthe
consequent need tdjustthe measuredenefitsof public goodsfor the incomeeffectsof
public good provision on tax revenuesNcreating an impression of policy significance.

Our preference is for the use of the compensated MCF measure where possible. A
key advantage of a compensated measure is the ability to make comparisons across
countries. The compensated measure is a measure of the actual transfer from outside the
system to the private sector that would have the same effect on welfare as provision of the
public good. If a money metric measure is used, it is not possible to make comparisons
across countries without dividing each countryOs measured benefit by its own FXM. When
evaluating, for example, the benefits of a trade agreement or an internationally co-ordinated
tax reform, use of the compensated approach allows comparison and addition of the benefits
accruing to all countries and calculation of any compensationNor side-payments- that
might be needed to maintain utility levels.

The MMCF approachalso hasa numberof practical disadvantagesOne arises
from the absence of the intuitive featufethe MCF that the welfare costsof raisingfunds
through lump sum taxes are necessarily unity. Even if the specific tax package beitog used
finance a marginal expansionof public-good provision falls only on goods that are
completely inelastic in demand/supply, the MMCF need not be unity if thesparetaxed
private goods with non-zero income effects in the initialtage When the uncompensated
approachs used,the Marginal ExcessBurden (MEB) of the tax must be calculatedby
subtractingthe foreign exchangemultiplier, ratherthan unity, from the MCF. The needto
make this adjustmenthasled to errorsand confusionin some subsequenpapers,even
though the need to make some adjustment of this type was pointed out by Triest (1990).

As we have shown, only one typé measuras neededor analysisof public good

provision, and standardizingon the compensatedneasurewould reduce the counter-
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productiveproliferation of alternativewelfare measureghat has beenthe sourceof much
confusion.If, however,only an uncompensatedheasures available,then equation(11)
makes clear that it can be ugecevaluateprovisionof public goodsaslong asthe income
effects resulting from the provision ptiblic goodsare takeninto accountin assessinghe
fiscal price of the good.

The one casein which the MMCF providesa sufficient adjustmentfor comparing
the benefitsof public goods and their cost is the situation consideredby Ballard and
Fullerton (1992, p124), where public goods and taxed private goods are Oordinary
independentsn this case substitutioneffectson tax revenuesexactly offset the income

effectsfrom provisionof the public goodsfor all taxedgoods,so that (epG+_|!')dG = 0"

and a special case of equation (11) applies:

edu = [''DMMCF.c./]dG (11
However, thissituationrelies, at best,on pure coincidenceFurther,it is infeasiblein cases
where income and substitution effects operatein the samedirection, such as when an
increasan public good provisionreduceghe volume of taxedgoodsthrough substitution
effects (asvhenpublic goodsare complementdo leisure,like roadsto the beach)andthe
real income gaindueto public good provisionalso reducethe volume of taxedgoods(as
with a tax on labor supply).

Many studies assumeaway substitution and income effects of public good
provision by invoking separability betweenthe public good and taxed private goods.
However, a situation where the publjood hasno impacton consumptiorof taxedprivate
goods cannot be obtained (adBallard and Fullerton 1992, p126 and many other studies)
simply by invoking separability.While separability placesrestrictionson compensated

substitution effects, iheednot eliminatethem (Deatonand Muellbauer,1980,p128).Even

" This condition for taxed goods is sufficient, rather than necessary. A weaker condition, that (p -
p*)'(epG+_|!‘)=0, would allow useof MMCF without requiringthattherebe zeroimpactson consumption
of individual taxed goods.



if it did, ordinary independenceneed not apply-- the income effects of public good
provision would need to be taken into account.

Examinationof equationg6), (7) and(11) alsoraisesquestionsaboutthe widely-
acceptedassignmen{seeBallard 1990) of compensatedtheasure®f the marginal cost of
funds to the caseof differential tax changeswith constantrevenue,and uncompensated
measures to the cost of public funds raised for the provisipaldic goods.Equations(6)
and (11) show clearly that either tbempensatedr the uncompensate®CF canbe used
to measure the cost of raising public funds for the provision of public goods.

The comparisonof (6) with (7) and (11) makesclear that the real distinction
betweenmeasuredor the impact of public good provision on welfare is the choice of
numeraire rathethan of OthoughexperimentOEquation(6) measureshe welfareimpact
of public good provision in terms of the compensation to the prastrfrom outsidethe
economy needed to leave thivate sectorindifferentto a marginalchangein provision of
public goods.Equations(7) and (11) measurehe impactin termsof the domesticprivate
sectorOmoney-metricvaluationof the change Alternative measuresmorein the spirit of
Little and Mirrlees (1974),that useincomein the handsof governmentas the numeraire,
could be obtainedby dividing (7), (11) or equation(14) in the Appendix throughoutby
FXM.MCF, as in Jones (2005). As might égpectedthe choiceof numeraireis irrelevant

to the policy conclusion.

IV. Does It Still Matter?

Much of the literature on the costs of raising fufaspublic good provisionin the
early 1990s focused on the difference betweenthe compensatecand uncompensated
measures, and its appar@alicy implicationswhenlabor supply respondgo tax changes.
Ballard and Fullerton (1992) provide the clearestexampleof this approach More recent
paperssuchas Feldstein(1995,1999) and Gruberand Saez(2002), havetendedto focus

on the breadthof substitutionpossibilitiesin responseo tax changesand to placeless
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emphasis on income effectsnmeasuringhe costsof raising taxes.An importantquestion
is whetherthe distinction betweenthe compensate@nd uncompensatedeasuresnatters
when these broader measures of response are considered.

To examinethis question,we focus on the caseof US income taxes, for which
numerous MCF estimates of different types are avaifahled for which Snovand Warren
(1996) haveprovidedcomparablameasuregor a numberof earlier studies.Theseearlier
studiesfocusedon the responseof labor supply aloneto the incometax and frequently
found the difference between compensated and uncompensated measuestmbesn
proportional terms. We update Snow aNarrenOsomparisorby addingestimatesased
on studies using the broader definition of factor-suppgponseso tax incentivesthat has
characterized the literature on the marginal cost of funds since Feldsi@irgbgal (1995)
paper.

Following Snow and Warren (1996, p294), we designate the Maigylatiare Cost
of taxation as the Margin&ostof Fundsminusunity in both compensatedMWC®) and
uncompensated (MWK casesMWC" need not be a measure of tharginalwelfare cost
of a distorting tax relative to a lump-sum tax, since the uncompensatecbMEIEMp-sum
tax may be less than unity if the negative incafiectsassociatedvith a tax increaseraise
the volumeof taxedgoodsconsumedr supplied(seeTriest 1990). However,comparison
of MWC® andMWC" doesindicatethe reductionin the marginalwelfare costof taxation
implied when an MMCF estimate is used in place of MCF in equation (6).

Table 1. Estimates of the Marginal Welfare Cost of US Income/Labor taxes.

Author/Year MWC* MWC® % Reduction using MWEC
Stuart (1984) 0.212 0.076 64
Ballard (1990) 0.197 0.030 85
Fullerton (1991) 0.25 0.07 12

" As noted by Jones (2005, Table 7.2), only compensated measures are available for many other countries.
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Feldstein (1999) 0.57 0.27 53

Notes:MWCF is definedasMCF -1. MWC" =MMCF -1. (a) Basedon 85 percentcompensation(b) Calculatedoy
transformingthe definitions of MCF and MMCEF into elasticity format suchthat MMCF= 1/[1-(_ B _,{t/(1-1)}]
where__is the elasticity of supply of taxableincome;_, is the incomeelasticity of the supply of taxableincome;
andt the averagemarginaltax rateappliedto marketwages,p*. The valuesfor t= 0.259; _=1.04;and_,= -0.40
were takenfrom Feldstein(1999, pp 675;677;679)To obtainthe compensatedCF, the , termwasomitted.

In Table 1, the estimatesbasedon Stuart (1984) and Ballard (1990) are those
recalculated for consistency by Snow and Wa(l€96,p301). The estimatesattributedto
Fullerton (1991, p303) are from hisable 1. All of theseestimatesare basedon traditional
valuesof responsegarameterssuchasthe compensatethbor supply elasticity of 0.2 and
the uncompensated labor supply elasticity of zero used in Fullerton (1991, p306).

The estimates in thinal row of Table 1 werederivedfor a small across-the-board
increasen the incometax rateon incomein all tax brackets(including the currently tax-
exempt low income bracket) using the average marginal tax rate (0.259) astirtreef
substitution (1.04) and income (-0.40) elasticities relativbe@fter-taxshareproposedoy
Feldstein(1999). Our estimateof the compensatednarginal welfare cost per dollar of
taxationis basedon FeldsteinOaveragemarginal tax rate and would be expectedto be
lower than Feldstein0$1999, p678) estimateof $0.78 per dollar of revenue because
FeldsteinOsstimateis basedon proportionalincreasesn existingtax rates,and therefore
doesnot raisetaxesin the zero-brackegroup, wherethe MWC is zerd®, while we must
raise taxes in aihcomegroupssincewe useinformation on the averagemarginaltax rate,
rather than information on individual taxpayers.

The point estimatesf 0.43 and -0.135 for substitutionand income elasticitiesof
taxableincomeestimatedby Gruber and Saez(2002, p19), while lower than FeldsteinOs,
point to a broadly similarelativity betweenthe substitutionand incomeelasticities.Gruber
and Saezwere unable to obtain statistically significant estimatesof the income effect,

althoughtheory and other empirical evidencepoint strongly to the existenceof a nonzero

™ Parry (2002) makes this point, that tax deductions and exclusions can affect the marginal welfare cost of
taxation.
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income effect on the aggregate supply of income-earning fauttits.Auten and CarrollOs
(1999, p693) statistically significant estimatesof 0.55 and -0.166 for substitutionand
income effects, and the average marginal pateidedby Feldsteinthe MWCE is 0.24,the
MWC" is 0.15,andthe reductionin the MWC implied by usingMWC" is 9 centsin the
dollar, or 38 percenf its original value.While the reductionin the MWC is smallerthan
with FeldsteinOslasticities,it would still be large enoughto have major implications for
real-world decisions.

The key feature of Table 1 for our purposethecontinuingimportanceof income
effects.For traditional valuesof the behavioralparameterssuchasthoseusedin the first
threerows of the table,the uncompensatedpproachyields much smallerestimatesof the
marginal welfare cost of taxation, with the estimated marginal welfare ctastationfalling
close to zeroWhile the recentliterature,including Feldstein(1995,1999) and Gruberand
Saez (2002), has tended to focussabstitutionratherthanincomeeffects,our experiment
with an increase in tax rates onialtomeshowsthat incomeeffectsremainvery important
even giverthe parametershosenby Feldstein.With FeldsteinOgarametersmoving from
an uncompensated margivegifare costto a compensatedheasurenore thandoublesthe
cost,raisingit by over 30 centsin the dollar. This doesnot meanthat income effects will
alwaysbe importantNin the caseof an increasein progressivityconsideredoy Feldstein
(1999, p679, Section C), the income effects were dominated by substitution effects.
However,they were considerablymore important in reducing the measuredcost of an

increase in all tax rates (other than the zero rate) in Feldstein (1997, p203).

V. Conclusions

In this paper, we provida generalframeworkto guide decisionson the benefitsof
governmenprovision of goodsand services.The modelwe provideis simple but general,

incorporatingthe benefitsof public goodsto householdsnd producers;including a very
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general multiple-output, multiple-input characterization of public gmodtision; andtaking
full account of the governmentOs financing options through packages of tax changes.

Our analysis enablesus to provide a simple rule for evaluating government
provision of public goodswhich reinstatesPigouOg1947) conclusionthat the costs of
providing public goods must take into accountthe marginal costsof raising government
revenues. Further, the adjustment for the marginalafogpvernmenfunds (MCF) should
be a compensatetheasureunlessoneis willing to adjustthe measuredenefitsof public
spending for the income-effect-determined changes in tax revenues refsaitingrovision
of public goods.

If the incomeeffectsassociatedvith tax-inducedchangesn pricesandthe income
effects associatedwith provision of public goods are taken into account, considerable
simplification is possible with the tax-revenuesffectsassociatedavith both setsof income
changesbeing collected togetherin a multiplier term. Another important simplification
arises from reorganizing the impacts of governnpeavisioninto a fiscal costthat may be
project-specificNthis allows us to ciBnowand Warren0$1996) GordianKnot requiring
estimationof the impacts of governmentspendingon private sector behavior before
progress can be made on measuring MCFs.

We showthat eitherthe compensatedr the uncompensatetheasuresanbe used
for policy guidance, as long as the approach is followed consistently, and all raheoams
terms are included. Wereferthe compensatetheasure®n the groundsthat they provide
measure®f potential compensatingNorinducingNinternational transfers,and that they
embody the useful benchmark of an MCF of unity for a lump-w&xyrevenwhenthereare
otherincome-responsivéaxesin the initial tax base.However, the fact that one can use
either measuremeansthat only one measureof the MCFNwhether compensatecbr
uncompensatedNisieededfor public good provision basedon a specified packageof
marginaltax adjustmentsSincethere is a clear consensugsee Ballard 1990) that the

compensatetheasurecan be usedfor differential-incidenceproblemsin which taxesare
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changedwhile holding governmentevenuesonstantthe samecompensate®ICF canbe
used for both differential-incidence and balanced-budget analysis.

Once the income effects associated with the provision of public goetskeninto
accountthe useof the uncompensatetharginal cost of funds has none of the profound
policy implicationsattributedto it by Ballard and Fullerton (1992, p122) and many other
authors. At least in the well-researched case of US income thisaisnplies a considerable
increasen the measurectostof raising governmentevenuedo fund provision of public
goods relative to estimates based on the cuc@mensugsee,for example,Dahlby 1998)
that the marginal cost of funds for public goods should be basedon uncompensated
elasticities.While recent,and more complete,representatiorof the substitutioneffects of
taxation on income generation hasdedto reducethe importanceof spendingeffects,the
difference between the compensated and uncompensated measuresvemamyortant--
moving to compensatedheasuresoughly doublesthe estimatedmarginal welfare cost of

US income taxation when FeldsteinOs (1999) parameter estimates are used.
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Appendix: Interpreting the FXM and the MCF

To interpret the FXM and the MCF, we begindifferentiatingthe governmentnd
private sector budget constraints with respeat, 0, p andu, with G held constantIn this
situation, the counterparts of equations (3) and (4) are:

e'dp- (p- p*ye, dpB(p-p)g,du = dp (3)

e/dp+edu = do (4)
To interpret the FXM, we consider the case of an exogenausvtere dp and du are
endogenously determined, arg0. As in Section I, we let dp = gdand solve (3 for the
scalar @ yielding:

dp = -1[e’_+(p-p*)'g, 1. (p-pg, du (5)
Substituting the resulting expression for dp intd &#hd rearranging yields:

-6,_lle/_+(p-p*)'g, 1.(0-p*)(g, /e,)e,du + €,du = do
or (1 DMCF(p-p*)xl).eudu = da
or edu =[1/(1 DMCF(p-p*)Xl)].doc = FXM.da (12)
which shows that FXM is the value placedthg private sectoron a one-unittransferfrom
the rest of the world to the private sector.
To interpret the MCF, we begin with equations'{dand (5) and consider the case of an
exogenous [flwhere dp andaare endogenously determined, and du=0. As in Section II,
we assume the government balances its budget by changing taxes in a particular way and
use dp = _d to solve (3 for the scalar @ yielding:

do = -1/[e’_+(p-p*)'g,_.dp (57)
Substitutingthe resulting value of dp into (4') with du=0 yields the expressionfor the
change in the transfer to the private sector required to maintain utility given the chtrege in
governmentOs transfer to the rest of the world:

do = - ep_/[ep'_+(p-p*)'q)pj.d[3 =- MCF.&3 (13)
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This shows that the MCF can be interpreted as the compensation from the rest of the world
to the private sector required to offset a change in government revenues raised and
transferred to the rest of the world. It will not generally be unity because of the changes in
the volume of taxed goods associated with the changes in consumer prices resulting from
the tax changes the government uses to adjust to the change in its transfer to the rest of the
world.
To interpret the money metric value of a transfer to the government
If we assume that the government receives an increased transfer from the rest of the world,
dp, and that it refunds this to the household by a reduction in taxes, and that the household
responds to the consequent increase in income by adjusting its spending on taxed goods, we
can use equations (12) and (13) to assess the consequent money-metric change in welfare:
gdu =FXM.MCF.d_ (14)
The MCF term adjusts the transfer from its value in the hands of government to its value as
a transfer to the private sector, allowing for the benefits associated with the governmentOs
ability to lower its tax rates. The FXM term adjusts the value from that of a transfer to the
private sector to its money metric valuation, allowing for the income effects on volumes of

taxed goods.
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