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1. INTRODUCTION

The 17.5, President’s Council of Economic Advisors hevalded the passage of
the Tax Reform Act of P986 with the remarks:

Larwer marginal Lax rates on persnnﬂl income, in conjunction with a braacder tax hase,
will inerease labor effort and rodoce the exploitation of tax loopholes. . . . [H]igh
marginal tax rates increase ipcontives to engage in b avoidance and evasion, !

Mirrlecs, Sheshinski, Atkinson, Feldstein, Stern, Hellwig, and others have
analyzed the halance between medistribotion and production of income in
setting marginal bax rates. These studies indicated that the trade-olf would
resobve to optimal marginal tax rates substantially below 100 percent,
Kecently, attention has turncd o the offect of marginal tux vates on eva-
sion (Townsend: Sandma; Graetz and Wilde; Mookherjes and Pug, 1955a;
Sanchez and Sobell 1 this line of work, a revenue enllector can enforce
vompliunce with tax low by capending rosources to audit taxpayvers’ reports.
The more progressive the income tax, however, the more tempted will a
laxpayer be 4o evade, and henee the more anditing will be required to

We thauk the relerees o helpbel advice. Kob Dong Hee for assistance with the oompuota
tions, and . Craves Tor woccss to the P-systom, Dvan 'og geatefully sclonowledmos sopport feom
4 UCLA Cwreor UDevetopmmend Avwaned oncd o grant froon the TCEA Avademie Senate,

E Anneal Hepoet of the Crnneil of Seoeonele Aditsers, U5 Governimant Brivting CHTios,
Washingtun, I.C. (19587:79, B3

411



412 ¢ JOURNAL OF LAWY, ECONOMICS, AND ORCANUZATION V12, THIG

indues taspayers to comply.® Accordingly, a social planoer must weigh the
additional colmreement cost against the redisivibutive bewctits of iore pro-
pressive funes,

This research has shown thut, drter glie, auditing should be random and
e pewvernment should reward laxpayvers who are verified to have reported
trutlifully.? It, however, has provided very little more specific goidines on
the appropriate strocture of txes and enforcement policies. For iustunce,
Moukheriee and Pog {19583} shiwe that taxpavers with the highest income
ghomld pay the highest tux and cojoy the most consumption, but they do nat
provide any further goneral resolts,

Iro this article, we remove bwo unrealistic and implaosille features of
these general setings, and then explare the properties of the more realistic
inodel. First, we believe that governments may be limited to policics that
provide taxpavers with ideutical incomes who submit identical reports with
identical (posttuxy consumption {“herizontal eguity™* Horizontal eguity
rules out the payment of rewards Lo taxpavess whao are vesified inoan andit o
have reported truthfully,

Furthermere, we conlend thar considerations of [irness and of marginal
deterronce with respect to other crimes may dictate that penaltios for fax
evasion be graduated according to the severity of erime committed {propor
tionality”). For instance, in U.5. civil proceedings, the Intereal Reveuue
Code of 1986, a5 amended, specifies fines of up to 5 percent of the evicded Lax
plus interest in cases of neglivence | §6633(al], and [ings of up to 75 pereent
phus interest for frund [§6633(1)].

Acoordingly, we limit the planner to schemes that meet horizontal equity
and fo propaetional fines. For simplicity, we igoore the effeot of inarginal tax
rates on lalor effort wed legal tax avoidance. In our moded, rsk-averse indi-
viduals differ in their {exogenous) income, snd the plunmer seels to mas-
irnize social welfara subject to vaising some tavget revenne. The movernment
has authurity to reqguire cach individual to report his income, and condition
translers and andit enforcement on these reports. Anditing iz withoo! error,
U sing this mode], we aim to describe the optimal strocture of baxes andd adit
enforcemnent policy, and to consider how these vary with individoal visk
aversion, the cost of audit, and the rate of fines for tax evasinn.

Unfortomately, the problem al Lapd. like maost principal-agent models of
anditing sven when drastically simplified. does not yield significant analyti-
cal connparative stabics results, B explore the problem furthar, we assumaed a

2. Fur :-rr'n:_'lh'jg'.ﬂ u'l.-ii,]-q_:!'lft&' nf the effect of tax vatps (311 {!_IH'I!'IH:'II"I-I"'H, ser { :Jrjl!rrel!l_':r_ Clriree u|_|_|_|-
Blourzad, alesander and Peinstein, Alm, Bahl, ol Murray. andd Fed nslesing,

4. Horder and Sulic] esbablish gimilar resals For w principal secking g0 maximize revenu
feom ciak-nemtanl agents.

4. Atkinson and Stiglits (pp 3HT 92 Higlitz, and Ortese-Chetin aod Goomer disowss the
el ol crnstraints of horizontal conily
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utilitarian weltare function und, following Feldstein and Siern, confined al-
tention to linear income taxes, and numerically computed the optimal
schemes of tax and andit enforcement for reasonabde values of the param-
cters.® We drew on 178, data lor the distribution of income, poverty level
(which dcfines 2 minimum level of houschold consumption), Federal govern-
ment expenditure, and andit costs of the Internal Bevenne Service. We
postulated individual taxpavers to have (constant) relative risk aversion vary-
ing between .25 and 6, o range that includes mnost einpirical estimates.
Several of the vesulls surprised vs. For all reasonable values of the paraim-
gters, the optimal marginal tax rate execeded 90 percent, Moreover, the vate
was quite insonsitive to considerable vaviation in porsonal risk aversion,
poverly lovel, andit costs, and penally rates ® For cach set of porameter
values, a high marginal tax rate was coupled with o boge lnmp-sum subsidy.
This very progressive tax structure reguired substantial auditing, These cad-
enlutions sugpest that calls to cut margingl tax rates in order to redoce Lax
evasion must be trested with cantion. For realistic parameter values, the
audit costs of enforeing more progressive taxes may be onlweighed by the
carrespanding henefits in terms of redistribution and social insvrance,
Border and Sobel showed that a jwineipal secking lo maximize revenue
Bum risk-nevtral agents should aodit repores of higher incomes less fre-
aquently, Chur calenlations indicate that this resnlt does nal apply 1o the
prollem of redistribution that we pose. In our scelling, the audit rate may
rise with reported income essentiably becanse proportional penalties deter
large-seale cvasion much more vigorously lhan minor underreporting.
Llence, to compel truthful reporting, reports of intermediate lovels of in-
come must be andited more Frequently than reports of the lowest ineomes.
A shilt to a Ligher penalty rate did not necessarily raise the optimal
margingl tux rate. Indeed, in many instances, an increased ponally rate was
assaciated with a lower optimal tax rate—bhbecause, as Yitzhaki (1974)
showed, a higher marginal tax rate raises the amount of tax evaded for a
given degree of onderveporting of facome, and therehy enhances the penalty
for evasion, Censeguently, u higher marginal tax rate, by enhancing penal-
ties, will itsedl deter evasion and tend 1o reduce the cost of enforcement.”
Accordingly, at a low penalty rate, an increasc in the wmarginal tax rate raises

A Feldstein wnd Stern louk 1his approach to study the trade-off Betweon et inoentives
and resdistribagion of imewue. Their Freus oo Jlinear txes ooy be justified, in pacd, by Mircieos
flding from sumerieal caleulstivns thut the optimal nonlinear tax sehedule wais very close to
besing linear. In related work, Yowrnsand numerielly computes solulions to a encral principal-
agent formulation of aediting, Cur eophasis i less mothodotogical than Townsends, ond we
fimpease horizortal equity, proportiomality, and lineac taces an Lhe probiemn,

G, Cleanly, the marginal fae pote wondd bwee been stll higher 6 the wellfaee Tunation
exhibited greater aversion to ineguality then a otilitarian one.

7, This chert s boen noted hy ather researchers including Klepper, Nagin, snd Spur.
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welfare both by reducing enforcement eosts, anef by enhancing redistribn.
tion. For higher penalty rates, the effective penalty is limited by the cou-
straint that each taxpaver receive at least the poverty level; henco, o higher
marginal lax rate benelits the social planuer only through redistreibution.

The structure of the paper is as follows, In Section 2, we develop the basic
midel and investigate general properties of optimal nonliuear schemes of
taxes and audit entoreemcnt. This analysis, however, indicates the difficulty
of answering more detailed comparative-statios questions by analytics] meth.
ods wleme. Accordingly, we explore these through numerical eomputations off
aptinial linear tax schemes in Section 3 apd, Toally, present conchiding
romarls in Section 4.

2. MGDEL

Tudividuuls diffier only in their income level, which may tuke one of 1 pos-
sible vales, ¥, ¥, ¥ . where 0 << ¥, | < ¥, for all { = 2. Let an
cxogenous h, proportion of the population have income Y, and without Toss
of generality, X, = 0, for all 4, and 27, &, = L. Each individual knows his
own income bt the povernment does not. The government, however, may
expond resources to discover o person’s true income without error. We
assame {hat the government inenrs a resonree cost of A, to andit an indi-
vidual with true income Y. * All persons have the identical continuous,
strictly increusing, und concave KNeumann—Morgenstern utility funetion L)
defined over canswmption.

In this section, we assome that the govenunent aims (o0 maximize an
individualistic additively separable sorial-welfare function. This farmulation
permits the government’s vlyjective o be represented either by an ex anie or
an ex post sovial-welfre function. We adopt the latter approach.? The gov-
evnment has suthority to reguive all individuals 1o sulunit repaorts regarding
their income, to levy tuxes according to the taxpovers’ reports, to audit
selected reports. and to impose monetary penalties that depend on hath the
taxpaver’s truc incornc and roport,

We belisve, however, that the government way be restricted in the extent
Lo which it may cmploy these instruments. First, thers may be a poverty
level, €, hevond which the government may nob tax or fine a taxpaver.

8. Our analysis extends te the wee where the imdividoal alse iveurs g (commonly knman}
ot frosrn besingg wonfibed. I #hal casae, Ay should Tee viewe) as tee soon ol e costs ineureed by
e guvernment weed Uye ippHvialoall The allocation of awcdil cogts Tetween ther is iorebevand ws
Tramsfers Letwran Uem wn orcior ﬁ\:!‘lﬁﬂl’]l]?rll 1o ae andlil. Undler the restoietion of Torironta]
eiprily 1hat we will irrLpaese }:H]ow, HE HET AT verilied 1o e |'F!|1|'|nr|-e-e|t 1r1:|l.|'|ﬁ|"_1.r sleaabd b
reimbursed For aodit costs ircooeead Tay .

9. Bee FHamnond for o dischsslon of altercdive wellaee l.'?ll:’?ljl":l.'!!i\-'l.'!ﬁ in the THESTCE aof
npeertaindy. In subscquent scotions, we specialize o g olilitacian wellee Doetion, inowhich
ez, the ox ante and ox post appeoaches coincide.
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Second, the government muy he limited Lo tax structures and andil enforce-
ment policies (hat provide egual consumption lo taxpayers with identical
incoine wheo send identical reports, This condition of horizental equity mles
ont randomized tes and randomizcd penalties. Tt also excludes rewards (o
individnals who are verified o have reported teuthfullv— hecause such re-
wards wonld give higher consinnption to individnals whese reports arc au-
chited] compared to otherwise identical taxpayers whow the government does
not audit. '™ Third, legal and social norms may dictate that penalties be set
propovtioually. Accordingly, and also to reflect enrvent practice, we postulate
that penaltics recover unpaid taxcs plus a fixed propartion fof taxes evaded,
sthject to providing the taxpayer with the minimurn conswmption, C.

Many problems of mechanisr desivn can be simplified by nsing the
Revelation Principle. ' In the present setting, the taxpayes’s infornination is
verifiable, there are restriclions vn permissible messages, and the mecha.
nism must sutisty horizontal equity. Accordingly, it is not a priori obwvious
that the Revelation Prineiple applies. Indeed, Stglitz {1952) showed that o
utilitariun planner may preter to introduce randomized policies in the pres-
ence of incentive constraints. Hence, il the planner is restricted to determin-
istic policics, it may be desirable to induce faxpavers to choose randomized
for asymumetrie) reporting strategics to realize the “efficiency” beuchits of
ssymunetric reatiment of taxpayers, in which case taxpayers will not abways
be induced to report trothfinlly

We show in Appendix A, however, that the Revelation Prineiple does
indeed apply in this context. 2 Accordingly, let the government choose a
structure of taxes, {T',}, where an individeal reporting income ¥, musl pay tax
T, and an enforcement policy, {;ur.,.!f'!_y__r}, where reparts of income ¥, will be
audited with probability p;, and every individual with tree income ¥, who
reports ¥, and is andited will be fined an amouwnt 2 v By the Revelstiou
Privciple, the government may vestrict attention to schemes of taves and
audit enforcement that induce each taxpayer to report his income trutbfully,

Consider a taxpaycr with income ¥, who reports truthfully. 1e will re-
cefve consumplion ol ¥, - 7, — &, 5 it the povernmend audits Liis report, and
consuption of ¥, — ¥, otherwise. Horizontal equity regeires that the gov-
crnment not impose any additional transfer if o audit shows the taspayer o
have reported trathfully (i.e.. F, , — 0. Hence, the consunption af such an
individual will be simply ¥, — T

. Havizodal equity, however, dues nol constrain the planner to teeat idendicl Busgayers
iedemtically olf the eguilibrim path,

11, This privciple stides that the government may restrict attention o pechunisms where
taxpayers ire ashed to report their incotmes and are pravided with incentives b report truth-
fully. Spe Haeris and Towensend,

12. See, aiso. Border and Sohel, Melumad and Monkheses, and Octuno-Ortin and
Rocmor.
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What if the taxpayer with Income ¥, fulsely) reports income Y2 It he is
not qudited, he will have consumption ::f}’ — T,. Bince he will not veport an
income that would foree his consumption heh;m the poverty lovel, we re-
strict the possible false reports to Y, such that ¥, — T, = C. Ifthe government
does audit his report, it will dlscuvu that he th'ﬁcmh]Ld and [ine him an
amount F, . dincluding the amount of nnderpaid tases), Tn cquilibriom, all
tivpayers rc-]:-ml truthfilly: hence, horizontal equity does not restriet the
fines, F.y i 5 §, off the equilibrium path. By the proportionality postulate,
the IJ("[lH.]l} lor false reporting will be set al {L + f)iT; — Tk subject to
providing the minimum consnmption, €. Aceordingly, ihe consumption of
the taxpayer who dissembles will he

wax,Y, = T, — fit, — 1. (1

Thus the government aimns to choose o seheme of taxes and audit enforee-
ment, {Top), lo masimize

]

X LWL, - T 2
il

subject to the revenne constraint
! 1 I
2 AT, - pAL = R 3

the: incentive constraints to ensure that each Gepayer will veport truthlully,

Y, — T) = pti{max|C. Y, AT, - Tk
(1 pgl l"**r T (4]

foor ull § such that ¥, — 7, = €, {or all j; the constraints that consuruption not
fall bhelow the poverty evel,

Y, -T,=cC. i

for all §; and the constraints that the p; be prolabilitics,
13=p, =0, 6

for all 4.
By (8], ¥, = 1, for ull §, und by (3,
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tor all 4, sinee ¥, = Tpp, = 0. and A, =0, all j. We assome that B iz small
coough to ensure that the feasible sel is nonempty. Sinve the feasible sel is
bounded, there will exist a salution to the problem.

Proposition 1. 11 the optimal tax structure is {1}, the aplimal audit policy is
UlY, - T - U, - 1)}

“‘mﬁh{Wn"w—ummun—n—ﬁn-aniﬂ

i= 1.1

Progf. Al any solution to the prablem of maxiwicing (2) subject to (3} (6), the
revenne construin! wnast bind; oltherwise, the problem is to maximice i2)
subject Lo {4)-[8). However, the latter problom has wo solution, us we oan
choose o lump-sum lax policy £, = Ty= T forall i, j, und let T be arbitrarily
snall.

This implics that given the tax strncture {T}, the optimal audit pulicy
must minimize the aggregate cost of audit B, ap A, subject to the incen-
tive constraints {4). From (4},

pAUY; = T) ~ Ulmax(C.Y, = T, ~ AT, ~ T}
=00, - L) - VY, 1,

for afl j such thut T, = Y,— G UT, =T, then f,"["lf'_f =T~ Y IJJ =1}
henee, the coustraints are .5attisﬁeti even with g, = 1), Thus, the conslraints
apply only i T, > T, which implics that T, < Y, — C, since by (3), T, = ¥, —
.. The result then follows immediately. ]

This recursive structeve of aptimal tax-andit schemes suggests how o
delegate enforcement and collection of income: taxes. Onee thie goverment
has chosern the tax structure, it should direct the revene-collecting ugeney
ter entoree the given tan scheme at minimum andit eost.

Proposilion 1 also implics that the optimal audit enforcement poliey will
have the fallowing 1wo features.

[a) If every taxpayer oblains consumption greater than the peverty level,
wpatiamarl aiedits are random {i.e.. p; <0 L1, for el i) i reports of some mcome,
¥, were andited with certainty, cvery taxpaver with a different income, ¥,
wonld strictly prefer not to misreport ¥, as they would certuinly be dis-
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covered aned penalized. Conscguently, the lrequency of audit may be re-
duced below 1 while preserving incentives for truthlul reposting, 13

(b} Reports of incomes for which the tax is highest need not be qudited
e, if 1, =71, forall 1, then py = 0L All other reports must be audited with
pusitive probability,

Tn Yight of Praposition 1, the govermnent’s problem simplifies to choosing
{T} to imsximize

> n WY, — T (2)

i—L

subject to the revenne constraint

n L3
z ML, =R+ Z h,:’!.,.{jlm_ux [ [b'['YJ' |
=1 i=T "

T,

— (Y, - Tl | | Ny, - T,) — U[max{E,}} =T
- s -] '}, ®
andd the minimum construints on consumption,
Y, -1 =0C, 3

for all i

The expression tor the enforcement cost is rather unwieldy, and cannat be
characterized simply by a sct of first-order condilions, One resson 15 that
cven if we restrict the government to struchures of taxes that inerease wilh
income, the degree of progressivity of the taxes affecis the identity of the
higher-income taxgryers that are the most tempted to report falsely) a given
incoine level, In particular, our computations below show that (he incentive
construinty in {7} thal bind need oot be the lacal downwurd vnes.

3 NUMERICAL COMPUTATION OF OPTIMAL LINEAR TAXES

In this section, we numerically compute optimal policies of taxation and
enforeement for parameter values representative of the US. econamy in
1986, 14 Wilh these compuiations, we aim 1o shudy the trade-off belween lax

15, This conlirms Townsend's conjecture that randorn andits pencrally can indoee taxpsyers
1 repert towthfully at lewer cost than policies ol determinlstle auditing.

14. Please veler to Appondis B for o detviled descriplivn of the metbods wsed o the
ermputitions
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progressivity and enforcement costs, and how this Balunce depends on
penalty rates, rvisk-aversion of taxpavers, awdit costs, aud the poverty level.
Our culeulations shouold also throw lisht on the qualitative properies of
optimal andit strategies {c.g., how andit rates should vary with reported
income).

In urder to facilitate interpretation and more reliable comnpulation, we
resteict the problem in several ways. First, we focus on linear income tax
schodules, T — - T 1 BY, where T i3 a lueap-suin subsidy {interpreded as
the size of the welare system), and § is the constant marginal tax vate, 0= 3
= 1. Besides providing a simple measure of tux progressivity, tlis restriction
to lincar taxes significantly simplifics the task of checking the solutions gen-
erated by direct grid search over'the parameter space, 15

Second, we assume o utifitorion welbiore fouction, and that all taxpayers
have identical constunt relative risk aversion, p, so that wtility THCY =
GV — p) Kimball argues that reasonable values for p range hotween 1
and 6, while Iunsen and Singlelon ostimaied values bedween 6,264 and
2,731 "% We compute results for values of p between 0,25 and 6.

Under these assumptions, tuxes rise strictly with income; hence, he
oplimal audit probabilities {71 simplify to

B A
= max j |[Y, — BY, + £)-r
2 L“"fﬂ{!" B :

() - B, Ty effy, - By T
—maxfC {1 — @YY, + T __ﬂ?'{}?_;.' _ Y,-:'Jl_r']"]j' , (o)

i = ..., Fupther, the mindmum consumption constrainly, (3), become
r h! Ly 2l 1
1-gy,+7=¢

i = 1....,m henee, if the solution meets the constraint for £ = 1, it will satisly
ull the others as well. Substituting in {2, (8}, md (3}, the problem for a
utilitarian government is to choose T and B £ [0 1] lo maximize

H

i i
= 2 AL BIY L], (o)
1= Pf—l

subject to the constraints on revenic,

15 In thei aummerical suabysis oF Tw Urde-off betwen offort incentives and the weliure
@alns [roen Lux propressivity, Feldslein anad Stern also enafined attention e Boear L sehedales.

16, Hansew armd dinpleten obtained ooe estimeate of —0.559, which they did ot eonsider to
b evonomically plasilile.
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EH "
T+ B 2 N, =+ > A, ma [[[Y; BY, + T e
=1 =i {2}

- (L= BIY, + TPof |y, - Y, + T
~wadC.0 - @Y, + T — B - e an

ard minimum consumption,
a-py, +7T=0 e

We: kake the income distribution to be the 715, houschold distribution of
money income in 1986 as provided in the Statistical Abstract of the United
States: 198517 The Statistical Abstract gives the distriltion Ly brackets of
incone; for cach lwacket, we take the midpoint as the income of every
howsehold swithin the bracket, Table 1 shows Hw compueted distrilintion.

The distribution shows a total of 49,479,000 households. Also from the
Statistical Abstract (p. 7, Table 2}, the population of the United States in
199G was 241 546 million: henes, the sverage bousehold incloded 2.7 per
sons, Wo measurs the minimum allowable consamption, €, by the 1986
money-incime poverly levels compnted by the T8, Social Scourity Admin-
istration, which were $58737 for a houschold of three persons and $11,203 for
a household of fonr persons (Statistical Abstract, p. HNG)

Total outlay of the Federal Government in 1986 was 3589.8 billion (Statis-
tieal Abstruct, Table 472, p. 2940 henee, we take the povernment vevenue
requirement per houschold to be H = §11,060. EFrom the Budeet of the
United Stofer Government, T8 total Federal nutlay on examinations by
the Intornal Revenne Servies in 1956 was 11395 billion to examine 1,310
millisn returns; henee, the average eost per veturn examined was $870. As
mentioned in the Introduction, vader the Internal Revenue Code, penaltics
in vivil procecdings range from 3 to 73 percent of the tax evaded. We
consider values of the pooally rate, [ ranging from 0.1 to 0.6

We adopted the following as & berchmark for most of vur calealations:
cocllicient of risk aversion. p = L.23; poverty level, € = $8737, revenuc
turget, B = $11,060; andit cost independent of income level, A, = A = §RT0,
for all 4; anel penally rate, = 0.3

In Table 2, we presend solutions for poenalty rates of 30 and 40 percent,
Under hoth penalty rates, optineal tax schedules appear to be vory progres-

IT. LS, Burean of the Cengus, Stativtical Abatrace of the United Niatey, 7088, 1080 od,
Weashingion, .00 (I8T422, Fable fiti).

18, Appeadic to Badget of the United Stgtes Covernment, 1535, 1,5, Ofice of Manapgamen|
and Budgel, Wishington, L0 WS Goveronent Trinting Oice (1987.1-521-25),
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Tuble: 1. U4 Household istribuabion of Money Income, 1986

Al Inewno, Thousand US$

4.5 [ 12,5 17.5 2.5 a0 42.5 LR

Froporteon af
heompseliobds T 0117 i3 0. 10 0,046 0. L&ty 0. 165 {168
Sowroe: U5, Bureaw of the Censns, Stediviienl Abstraat of the Uadted States: 1G4, 108tL od , Wash-
fmgpun 10.C. (LABT: 422, Table &6
CTher enidjednd of the §50, 0% and abswe: incame brackel was taken to be $100, 000,

sive at all levels of visk aversion. Marginal rates of at least 93 percent are
coupled with lump-sam subsidies excecding 320,000, and sulstantially
above the poverty level, Not surprisingly, these very progressive tax strue-
tuves require substantial anditing: for instance, in the benchuark case of =
(1.3 and p = 1.25, reports of all but the highest income must be audited with
frequencies exceeding 48 percent. By contrast, Mansfeld reports that total
Internal Revenue Service investigations and andits made up loss than 2
percent of tolal returns filed in 198129

How do andit frequencies vary with reported income? Border and Sobel
showed that & revenue-maximizing principal shonld audit reports of higher
incomes less frequently, Further, Mookherjee and Png (1949h) prove the
wurne Tesult in 4 setting of redistribution throngh Jinear bages similar to the
present one, bt in which the planner is penmnitted to penalize all evaders
down to the poverty Jevel without regurd to the mnount evaded.

COr caleulations, however, indicate that this pattern does not generally
apily when penalties ave proportional, from Table 2, when f = 04 and p =
1.25, the audit frequency rises trom 0.6671 for reports of income Y, to
(L6672 for reports of ¥,; and azain, in the case of f = 0.4 und p = 4, the audit
rate rises from 005905 for reports of T, to (.5814 for roports of Yo, Indeed,
with f = 0.4, the audit rate is almost constant with reported income over the
lower four incume brackets at all levels of risk aversion above 0.5

This may be explained as follows. By {11 the consumption of every tax-
payer with true income Y, discovered to have falsely reported income ¥, will
be reduced o

maxf[C, (1 = BIX, = (¥, -~ Y3 + 1,

which rises with Y. Since the penalty lor evasion increnses with the extent of
evasion, # taxpayer may be more tempted {o cvadc a little than on a larger

8. Of course, these Llow andit cates might Le jostified by the sobstantially lese progresjve
s system in effect.
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Table 2. Optiroal Linear Tax ol Aedit Poliey with © = 8737, B = T, 060, A = 870,
and Penalty Rates f = 0.3 and [ = (0.4

0] (.20 (1.5 75 125 1.h 2 4 1]

F=03 [F h9ssT  Dodad [r G [T L) S N 1.1KM} LRI ) 1.1KM]

=T 024% 23470 23460 23550 23540 31 TO0 23 TRD 23 H30
o 097G OLTREM 07514 ALT3HE 0T3S0 6.TR06 0, kA 0.G152
P TR OTATA 07DId ARTHE Tl 07206 DG6RR OaElsR
p, ALTHEDI O GTET 07504 .T302 0 (TA5) QTROG GAEER 06132
pe OTEE RTETL 07514 ALTME ALTAI] 07206 LB6E  Gels2
py  LTEIT O BUTHIE OT4ER 07346 07153 OAEZ 0AIT4 0.5IT]
s 0 SR s 07262 06DsG OEADL GoedTs A 5162 (k4935
tz L7158 (LBHIO OIGE D4R 04170 026925 Ak [b, (IR
fa A 1] 0 L] { I] 1) 0

=04 Bo0.9391  DUshd R0USE DUBISE BN (RONEY LAk

ST L AT 294B00 RILAN LA nA0 2G40 23 TH0 STHIN 2300
e OTTET O TR DBR2T 0EYTE DEEDS rasdl 05313 05280
e OTHTT  OLTRET O ARGR2L DGVTL O OOGENS 06541 0USULY 03280
P DLTEE BTITE O 04HMEZ BATTL O DLGBSE 065D 0514 03750
p,  LTEGE QTG 06922 BATTE (LGESS 06542 65814 U0.5380
me DT 06987 RBIS hGSRE BATd DG4 08ZHT 04375
g ALT214 0 DVERZE 0.GROd OLGZET QAG3) 05641 O J114 (L3RI
pp LGSR OoGald 06159 04TV 04127 0RO0S nMAL Db
pe D n 0 i i o 0 @

scale. Accordingly, the authoritics may nced to audit reports of intermediate
income lovels move freguently than lower reports 2431

3.1, Pevarory RATES

Intnitively. one might think that stifer penalties would reduce enforcoient
costs and, hence, lead the social planner toward a move progressive tax
struclure, Some of the solutions in Table 3 do cxhibit this property-—fiw
instanee, 11 the benclunark case of p = 1,23, the optimal marginal rate rises
from 0.992 to 0997 as the penalty rate rises from 0.5 to 006 Thble 3,
however, shiws many more instances of the opposite effect—uwhore the
optimal marginal rate falls with the penaity vate; for example, in the
henchmark case, the optimal B Falls from L OO0 to 0,891 as {rises from €01 to
0.5.

When penalties are propurtional, the ubsalute size of the penalty depends
ou the marginal tax rate. Yitzhaki proved that for a given degree of undo-

20, By condpast, in Mookhedjes and Pog (19880), every tispayer who is disesverod bo have
clissembled 1Ay Lo [_1|*r|.!|]'i':{ﬂf down the ke rky |1-'e'>'t‘:'|: €, howace, LAXEIEYEIY ArE 1r_'|'|||'}tw,'|_ [[x]
evawle, 3 at atl, 1o the meximom possille Ao

21, Inthecases of = 00 and p 025, 05, the copulations alsa zhow theet each of the
nenzere andit [reqnencies is determined by 1he heentive constrainl to ensure that Laapsyers
with tho highest income do nat falsely reporl the respeetive liwee income. This enntinns that
the Lneal dlownward incentive constrgints need not bind at e solution,
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Fable 3, Optimal Marginal Tax Hade, 8, with € = 8737, it = 11,060, A = 570,
and Altermative Ponally Bates

Risk Aversion. p

0.25 0.3 I+ 1.25 L) ) < L
Penally rale, £
1 1 -4} LA 1, 00HF jRIlL]] 1, D IRLED] 10K L0
02 TN} 100 1,000 EAOQ0 L C¥I0 LAKN} L.4HH) 1.0
.3 1. 96R% 1 1M LIR11¥5] LIRIY (). 3k EAl0N} 1.0HKD 10400
LA (1.934 11465 10955 (1953 (1.5 11458 1.00H) 1.04010
{5 10,9349 0. 5067 .47y 112451 (b, HEIH 1. 4H89 1.000 1. (KK

Ih.Fi 0.941 £ 1Igsk 0A76 0897 0994 994 1. KD L. Dy

reporting of incume, un incrcase in B raises the amend of taxes cvaded, and
thereby generates a higher penalty for lax cvasion. Acvordingly, when the
penalty rate is ow, a dsc in § raises welfare both by reducing enforcement
costs, and by enhapncing redistribution. For higher penulty vates, the cfloe-
tive penalty is linited by the constraint that each taxpayer receive ot least
the poverty level; hence, a highar B bendfits the social planner only through
redistribution.,

3.2, RisK AVERSION

In a setting of redistribution throongh linear taxes similur to the present one
but in which the planner is permitted to penulize oll evaders down to the
poverty level without regard for the amount evaded, Mookherjee and Pag
{1989b) show that higher risk aversion reduces the andit frequencies neces-
sary o induee a truthful reporting nnder & given tax structure. Fother, the
higher is risk aversion, p, the greater the welfare banefit from redistribution.
These two tactors suggest that with a higher g, a higher degroe of pro-
gressivily would be optimal,

lndeed, from Table 3, we see that, cxeepl when the pemalty rate f = 0.3,
the oplimal marginal rate riscs or is constunt with p, When f = 0.3, the
marginul rate first rises as p increases from 0,23 to 0.5, then ascillates as p
increases Lo 1.50, and finally rises monotonically thereaftor,

The latter ohservations might be explained by lwe countervailing factors.
First, an increase in risk aversion, while redecing absalute enforoement
costs, may raise ihe marginel euforcement cost associalod with higher prog-
ressivity [f.e., the cross-partial 3{ép,/aB)/8p muy be positive]. Second, the
higher is p, the more sensitive the seefal-welfzre fanction will be to varia
tions in low valees of consnmption 22 A lower marginal tax rate will require

22, Specifivally, for small values of €, LrfC) = Oris increasing in p. Moreover, as p—s 2,
e utidity fimction epproaches masi-anin.
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Table 4 Optimal Linear Tax with p = 1.25, £ = 11,060, [ = 0.3, aud Allernative
Values of £ and A

Cosl o Andie, A

K70 1740 3450 L 1740 Ak

blininu e corstmption, © LYHY BTIT RT3 LR, 2003 11,203 11,203
Marginal tax ralo, B LR 2] 09540 09879 £, 59646 0,49838 (1L49HET
Lumip-sum subsidy, —7T 235! 22 W0 21, Tl 23,530 20 010 31,640

less andit expenditure, allowing the lump-sun subsidy 1o be increased,
thereby incroasing consunption for loweincome individuals,

A3 Aurar Cosrs AN POVERTY LeviL

Wo also varied the audit cost and poverty level Feonn (he beachmark case,
The solations are displayved in ‘Fable 4. As might be expected, the optimal tax
structure hevume less progressive with inereases in cither the cost of andit or
the poverty level. Even with andit cost set at $3480, being quadmple the
average cost incurred by the Inlernal Revenue Service, and the poverty level
set at the lour-person household minimum of $11.203, the optimal marginal
ride exceeded B8 percent.

Sveond, woe also consideved how our results dependoed on e assumption
of Hxed wudil costs, We assimmed instead thal the aedit cost inereased propor
tiomately withi reported income aeeording fo A, — 0.025Y,, ¢ —= 1.... 4, which
viclds an average andit cost of $870 as in the henchmark. The solutivns in
Tabde 5 also involve high optins! marginal rates. This should not be suepris-
ing as the results in Talle 2 indicated that the audit frequency tended to izl
with reported income, Under the assumption of propodtional andit costs, the
cust of auditing lower roports would fall relative Lo the cost of suditing higher
reports. This would reduce the enfircement cost of suppurting a higher
murging bax rate.

Tahle 5, Optical Marginad Tax Rate, B, with £ == 8737, R = 11,060 f = 0.3,
and Fixed cis-g-cis Fropoctional sudit Costs

ik Aversivn, p

0.25 0.5 *.73 143 L5 2 4 i

Flzed arelit cost (L4GHE  (RUSSS TRYRIRT 09070 OUGE  1.0600 GO 1N
Proportional andit 089755 GOS8 DU 049462 080T 0TS LI | LA
kit
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4, CONCLUSION

Our caleulations indicate that, For parumeter values representative ol the
United Stutes, the audit costs of enforcing compliance with very progressive
taxes may be outweighed by the corresponding benefits i terms of re-
distribution and social insnrance. Lower tax rates, however, may be justificd
on several other imporiant grounds that we ignored in this unulysis. High
margingl tas rates discourage production of income, and lead taspayers to
expend resources in (Jegitimate} tax avoldance—Tfor instance, in codirecling
investmonts toward tax-favored activilics, Moreover, we assmined that the
government could audit individuals’ incomes perfectly.®? Accordingly, our
calculations are merely a first step loward s cowiplete imderstanding of the
balanee hetween tax progressivity und enforcement costs, 24

In our sctting, all taxpavers report truthfully; hence, audiling will not
generate revenue, The results of Melumad and Mookherjee, however, sug-
pest hat {he optimal audil enforcement policy can be indneed through
appropriate inccutives for the eollector of revenue, oven if he caunot pre-
eornmuit to sudit policics, Finally, our anabysis is onabashedly noruative: we
ignored all political ohstacles o the coactment of progressive tuxes and large
audit expenditures.

APPLERKDIX A REVELATION PRINCIFLE

The government can generally design a mechanism consisting of (@) a set M of
possible mossages that cach taxpayer is allowed to report; i) the tux T,
pavable consequent on any given report m € M; (iil} the probability p, that &
report of mowill be sudited; and (iv) the penalty I levied npon a laxpayer
whio reports , is andited, and is discovered to have an income of ¥, Given
this mechanisim, let g, he the probability that a taxpayer with income ¥,
reports .2 Further restrictions on feasible mechanisms are presented
belowr

Given a mechanism, (M.{T, _p, . FH, and associated taxpayvers’ reporting
strategy, {o, 1 the expected level of social welfare is

23, O the dsgee ol ermors und ambiguitics in the fac Dlog and awdil provess, see Scotchmet
and et

4. Gaactz, Reingar, aod Wilde provide s positive anabysls of lhesc jssues, Kaplow
considors the Leade-dT belween weltire distortions from commadine tres and aodit enforce-
ment esls in s mede] wheee sl] consemces wee sisk nentral,

23, Alternatively, there B 4 large popnlation of twpayers thal choose deterministie vepost-
ing sirmlesivs. wnd g;,, is the frection of taxpayers with ineome Y that ropore s
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Z }"'1' Z qir.lg[pm“ﬁ:LT{},l - T.-n - Fimﬂ

=1 = A J S TR L

(1= p, JWUY, = T AL

Ilenee, the government's problem is to desipn a imechanism that masimizes

social welfare subject to several constradnts, The first is that net revenue
meet an exogenous tareet, A,

E M2 Gyl T = Puld = Bl 7 R, {A2)

nae= M

Second, the mochanism must provide all taxpayers with consumption al or
above the Puverty level. This mecans that for each l"l, theve mnst be 2 repaort
m M such thal

Y,-T,=¢C and ¥,-T, - F, =C. {A3)

Further, the strategy {g,. b is au equilibeinn reporting strutegy for a taxpayer
with income ¥, if. fur all m such that g, = 0,

[p:ﬂr[j‘lri = TII! = 'r!:I'n'I'r -| 1'] TH)! I\} - Tflil:l]
= |-Pm.'UI:f1 i 'rm gl e B “ T pm'}{"'r[-vl o Tm':l-]r I:'A'{I

it

for all m' & M, such that ¥, -V =LmdY —-T, .= C
The fourﬂ: sod ol mnslrmntq cn'surm that audit pruba’r:uhilcs lic: between 8

and I,
D=p, =1 %Y,

far all m & M. Finally, we come to horfzontal equity. This reguires that taxes

and penalties be deterministic. In addition there should be no diserimina-

tion hetwaen taxpayers with identcal incomes who submit the sane report

according to whether their repovts are andited. Henee,
=0

friz H

{AB}

for oll ., such that g, = @, for all i Accordingly, the taxpaver’s capeeted
utility is LYY, — 1) in egullibrivm. OIF the couilibeium path, whore o, =
0, penallies are imposed according to ¥, = (1 + f3T, — T

We next prove the following lemma.

Lemimra {Revelation Principle). There will be no Joss ol welfare if the govern-
ment restricts attention to the class of incentive-compatible revelation mech-
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anisms; thal is, where the message space consists only of the passible: incoine
levels, M = {Y,¥,,....Y,}. and tax structurcs and andit enforcement pol-
ivies are such that every taxpayer will choose 1o report his ineome truthfully,
Ben = 1 iFand only ifsn = ¥,

Froof, Consider any mechanism with message space, M, and scheme of
taxes ond oudit coforcement, {T, .p,,,. 1 and ussocialed reporting strategy
{g,,.}. that satisfy constraints (AZ2)—{A6). For each income Y, define rid) & M
by the property

& FIRX oy A (AT
H‘J-Fﬂ!}lqm- [i:. m T P 1 ¥

We now canstrvet a revelation mechanism in the pllowing wuy. Let M —
1¥,..... ¥, I, and the tax-andit scheme be 'f" = Lw By ™ Prgin and Fi.}} ==
F, i We claim thal this mechunism, combined with truthiful reporting by
taxpavers, satisfics constraints [AZ]-(AS) und provides a level of expevted
social welbure equal to that in the origival mechanism.

The reporting strategy g, in the origingd mechanisim satisfies (Ad). This
implies that for all reports m such that g, = 0,

L.‘[}-‘r_ - Tr.-:IJII = pm'U{YI - Tn:-' - 'Llr'm'] I ':]' - pm'?" L'r[]'rr' - Tm"l]s ':'13'5

forall m' € M, such that ¥, — T, — F,_. = C and Y,— T, = C By
eovstruction ol »{), it follows that ‘:‘mg Z ). Hence, for J" reports i snch
thal QIHI '-;. {}

LXY,

=T = Y, - T =Y, — 8 (AG)

{i.c., a taxpayer with income ¥, who reporls truthfully tn the rovelation
mechanism, receives utility exactly equal to that which he would receive
under the original mechanism},

By the reporting constraints (A8),

WY, — T, 9) = p, ,UIY, — rl:_ril & Fie ,1' tfl P DY — L,
= Uﬂ‘ - ;J - m;+ il1-- TJrJ LifY, =
ifY, is such that ¥, — T, = C and ¥, — T, = (. Ry substituting from
M‘:!] it fallows that undFl thr' rﬂclahun 1nerh.1m‘:m the taxpuyer with
income ¥, will not prefer to report some Y, # ¥,

Thus, um]cr the revelation meLhamsm, taxpayers of every income will
report truthfully, and receive utility cxactly equal to thal which they wonld
receive under the original mechanism. Henee, the revelation mechagisin
generates an cgual level of sonial welfure,
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Sinee the revelation mechanism satisfes constrainds (A3, (AZ) and (AG), @t
remains only to prove that the revelation mechanisin raises no less vevenue.

By (AB), I', = F. .y = 0, since gy, = 0. Thus, the revenne raised by the
revelation mechanism is

n

2 }"![.'f'r' = f:'i[-’i = '3' ] Z hr[lf‘s =8 Lﬁav’d‘:]-
i=1

Hy the definition of #{f), for any m with g, = 0, T} — fA, = T — prad,
=T, — pudy By (A6), if g, = 0, then F,, = 0 and it follows that

Z A [T A 5K F“.}:! = E }"- 2{ QIm[Tm r‘.ll:lr\:A] - Fim][

WMEM

(i.e., the revelation mechanism raises no less revenue), .

APPENDIX B: PROCEDURE FOR COMPUTATION

'Lhe prollem deseribed by (10} {12} has the following parameters: porsonal
cocflicicnl of risk aversion, i poverty level, O audit cost, A); and penalty
rate, f. For each setting of these parumeters. we first used the Graves P-
system, initialized at T = 0 and B = 0.5 to compute a candidate sobution, 28
Wellare in all solutions was compnted to six significant fignres.

We next employed a simple grid scarch to obtain another candidate solu-
tien. Althougl (110 imust hind with equality in a solution, this relalion cannat
e casily inverted to olitain a value for T as a function of B, Consequently, we
had t construct a grid over both values of T and B, Since the P-system
always produced T around —§20, 000, we felt that it would be prudent to
restrict our seorch to ' hedween 0 and —40,000, By assumption, 3 € [0.1],

The erid search procecded as follows.

(i) Set the rrid on T in steps of 100 and the grid on § in steps of 0,001

26, Please refer to Brown, Graves, and Bonen for the propramming method and s00rman
conle of the Papslem,
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denote the bhest five results (T,B), i = 1,...,5, in decreasing order of
wolfare,

(i) For cachi i = L,...,5, resel the grid on T o steps of 10 and the grid on B
to steps of 0.08001, and scarch for the bost five results o the range T hebween
T 1 and T, + 1000, and B between @, — 0,01 and 3, + 0.01L. Denote
the best fve results fj:, “[ij], J=1,....5, in decreasing order of welfure,

{ifi} For cach j = 1,._.,5. reset the prid on T to steps of 1 aned the grid on B
to steps of 000001, and search for the hest five results in tho range T
between T, — 50 and T, + 50, and B between B; — 0.0005 and B; + 0.0065.

{ivl Select the besl results from step 3.2

If the P-system’s candidate salution yielded hicher welbire (ot six sipniti-
cant fgures) than the candidute solution from the grid seareh, we acceplod
the solution of the P-system, 1 the P-svstem’s candidate yvielded fower wel-
farc., we reran the P-system with the two variables iniHalized at the grid-
scarch candidate. In all cases, the second run of the P-system generated the
Lest candidate, which we accoepted us the solution,
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