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Abstract: This paper illustrates some of the positive incentive effects of rewarding tax
performance outcome indicators. By rewarding total collections, the government induces
the autonomous tax administration to exert effort in improving the quality of tax enforcement.
Improvements in quality effort, in turn, may increase the efficiency of both auditing of
underreporters and inspecting of nonfilers. Although audits of underreporters and
inspections of nonfilers are substitutes for each other, at least one of these enforcement
guantities is necessarily positively related to enforcement quality. We also find that, under
some reasonable circumstances, tax evasion falls with either an improvement in the
computerization of the tax administration or an increase the highest income tax rate.
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Introduction

Several developing countries have recently attempted to reform their tax collection agen-
cies (see, e.g., Bear, Castro and Vehorn (1999), Das-Gupta and Mookherjee (1998), Kahn, Silva
and Ziliak (2001), Mookherjee (1997), Silvani and Baer (1997), and Vazquez-Caro, Reid and
Bird (1992)). Most reforms introduced or improved performance-related bonuses. In Brazil, for
example, a tax collection reform introduced in 1988 provided monetary compensation to tax
collectors based on their individual and group performance in finding and collecting taxes from
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tax evaders. Performance rewards were directly related to the amount of fines collected. Kahn,
Silva and Ziliak (2001) find that the Brazilian bonus scheme led to a significant improvement in
tax enforcement performance. Mexico also reformed its tax collection agency in 1988. According
to Mookherjee (1997), the new Mexican system involves a bonus consisting of about 60% of
additional collections within each office.

The implementation of a bonus system, however, is not per se sufficient for the success
of the reform. Das-Gupta and Mookherjee (1998), for example, show that tax enforcement in
India has not been very effective in spite the existence of performance-based pay. It appears
that the overall incentive effects of bonuses have been weak because both the likelihood of
receiving a bonus and the size of the bonus are influenced by many factors beyond the control of
a tax official.

The Indian case provides a good example of the many difficulties that there exist in
improving tax administration performance with bonuses. Tax administrations are multitask
institutions. Many of the tasks performed by tax administrations are not observable or not verifiable
by the government, responsible for the payment of bonuses. Consider, for example, tax enforcement
quality and field inspections of nonfilers. It is hard for the government to observe the degree of
accuracy or diligence employed by a tax collector in the examination of returns. It is also very
difficult for the government to monitor the performance of tax collectors when they conduct
field inspections. This informational asymmetry implies that the government faces a moral hazard
problem vis-a-vis the tax administration and that only verifiable outcomes can be rewarded. As
Holmstrom and Milgrom (1991) have pointed out in more general contexts, the tax administration
may have incentives to concentrate its efforts on verifiable margins of performance in lieu of
unverifiable margins, such as quality and field inspections.

We show that the potential perverse effects associated with the implementation of tax
performance bonuses - e.g., low tax enforcement quality and low field inspection effort — need
not to occur. If the government rewards the tax administration for its performance in aggregate
outcomes, such as collection of taxes and fines, the tax administration may respond by improving
tax enforcement quality and quantity measures. The underlying rationale for this behavior is
quite straightforward. Performance rewards provide the tax administration with incentives to
improve its effectiveness in the collection of overdue taxes and fines. The effectiveness of the
tax administration is positively associated with both quantity and quality measures of tax
enforcement. Indeed, improvements in quality measures may be necessary for improvements in
the effectiveness of auditing of underreporters and inspecting of nonfilers. Consider, for example,
an economy characterized by a low level of development and widespread tax evasion. It may
initially be easy to catch tax evaders without raising tax enforcement quality because there is a
large pool of tax evaders. Eventually, however, as the easy targets are gone, effective collection
of overdue tax and fines will necessarily depend on the level of effort exerted by the tax
administration in quality activities. By rewarding the tax administration for its performance in the
collection of taxes and fines, the government may induce the tax administration to work harder
in all enforcement activities, and subsequently raise the additional revenues needed to reach the
government'’s targeted level of overall tax revenue.

Our economy consists of two sectors, black and white. Agents in the black sector may

2 See, e.g., Baer, Castro and Vehorn (1999), Crotty (1998), Das-Gupta (1999) and Gill (1998) for a comprehensive
list of measures and strategies that, if effectively implemented, may improve tax administration performance.
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evade taxes by not filing at all or by underreporting income. Agents in the white sector, on the
other hand, are assumed to always file tax returns. However, they may evade taxes by
underreporting income. Our crucial finding is that, under some reasonable circumstances, the
tax administration exerts effort in auditing of underreporters and inspecting of nonfilers at levels
that are positively related to the amount of effort it exerts in quality. In other words, auditing
effort and inspecting effort may both be strategic complements to quality effort.

Given the fact that black markets are widespread in developing economies (see, e.g.,
Goswami, Sanyal and Gang (1991) and McLaren (1996)), we believe that our model may be
quite useful in understanding how developing economies may effectively lower tax evasion. We
find that improvements in computerization and increases in the highest tax rate may both motivate
the tax administration to work harder in all of its enforcement activities, and an improvement in
tax enforcement effectiveness may lower tax evasion because it raises the expected cost
associated with tax evasion.

The model

Consider an economy with two sectors, white (W) and black (B). The populations of agents
in black and white sectors &&and P", respectively. There are three types of income earners,
high (H), medium (M), and low (L). The populations of income earnersPame and P. We

assume thaP® =P +P? and P* =P, + P;'. In words, agents in the black sector earn either low or
high income. Agents in the white sector earn either medium or high income. Beagg,+ P}’

In order to finance its expenditures, the government levies a tax on income. Before tax, the
income levels arg, > Y, >Y,_.We assume that the income tax rates sdtisfy >t, >t,. We also
assume that: (I}, =0; and (ii)t, =0.Low income earners (“low types”) earn the subsistence level
of income. Assumption (i) normalizes this income level to zero. Assumption (i) tells us that low
types do not pay taxes because they earn the subsistence level of income.

The government knows the population sizes and the levels of income earned by “whites”
and “blacks,” but it cannot immediately distinguish individuals according to their income types. To
obtain information about individual incomes, the government relies on individual income reports
and on the enforcement effort of its Tax Administration (TA). To simplify the analysis, we assume
that whites must pre-register with the TA and that the TA can verify without cost whether or not
whites filed tax returns. Our objective is to reserve the option of filing or not filing to earfners o
high black income (“high blacks”).

Earners of white income have two options open to them: (a) nepodr (b) reporty,,.

High blacks, on the other hand, have three options open to them: (a) Yep@o) reporty,,; or (c)
do not file a tax return. We refer to high blacks that do not file as “high nonfiléts). Since low
blacks do not file tax returns, the total population of nonfilers, Ni 2R + N,,.

The TA may monitor income earners in two possible ways: (i) by auditing returns or (ii) by
conducting field inspections of nonfilers. We refer to audits of returns and field inspections o
nonfilers simply as “audits” (A) and “inspections” (), respectively. The TA may audit taxpayers
who report medium income or audit taxpayers who report high income,, hatA, denote tia

quantities of medium-income and high-income audits performed. For simplicity, we assume
thatA, =g, andA, =e, whereg, and e, represent the effort levels exerted by the TA in auditing

activities. Further, we assume that the quantity of inspections perfdrmeduals the effort
level,e , spent on inspections=¢ .
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In addition to audits and inspections, the effectiveness of tax enforcement depends on
the TA’'s quality performance. Indeed, in the analysis below, quality performance is a
necessary condition for the effectiveness of tax enforcement. The quality ¢evisl,assumed

to be equal to the level of effort exerted by the TA in this activilys e, .

Let y/(eM 84,8 ,eQ) denote the TA's total operational cost. To keep things simple, we
assume that:
e, +e, +e +el

Y’(eM,eH,e,,eQ) 5

Effort levels are not perfect substitutes but their individual impacts on total and
marginal costs are identical.

LetR, andR, denote the numbers of high and medium tax filers.
Then,R, =R + R} and R, =R} + R} . The probabilities that high and medium tax filers are
audited are assumed to E}é‘“—} and(:“‘

H

J, respectively. Similarly, the probability that a

nonfiler is inspected is assumed to(l;ll\lej. These assumptions imply that the TA is unable to

distinguish tax law offenders from abiders prior to auditing or inspecting activities.

Let us now consider the incentives facing income earners. Although convicted tax
offenders are required to pay fines for tax evasion, we assume that there is no reward for
compliance with tax laws. Hence, medium income earners have no incentive to report high
income. Because these individuals always report truthfully, their after tax income is
ZM = (1_tM )YM .

Consistent with developing country experience, we postulate that high income
earners may be able to avoid punishment for tax evasion even when they are audited or
inspected. For simplicity, we assume that high types can be ordered according to their
"innate" ability of avoiding punishment for tax evasion. For an individlm[O,PHB], let p
denote his innate ability opunishment avoidance. Hence, individgal g has the lowest
ability and individuab = P} has the highest ability. Similarly, for an individuale [O,PHW], let
w denote his innate ability gfunishment avoidance.

When the TA’s level of effort exerted in quality activitiesdg, an audited individual

w , who has ability of punishment avoidanggis punished with probability:

e )= e i) - e B
H

Henceux"(0,w)= x"(e,,P¥)=0andu"(e, 0) = e,.

It seems reasonable to assume that, everything else equal, it is harder to punish a high
black than a high white. We model this increased hardship with the assumption that the TA is
less informed about the black sector than about the white sector, Lgt , 1 denote the
degree of useful hard tax information about the black sector available to the TA. When the
TA’s quality effort level is e,, an audited or inspected individug/, who has ability

punishment avoidanceg is punished with probability:

(e )=l i e = e [ B2

P}
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Each high white individual faces three possible contingencies: (1) repafrtdoes
not face punishment; (2) reponts/ faces punishment; or (3) repoms. Each high black, on
the other hand, faces five possible contingencies: (1) repgprtsloes not face punishment;
(2) reportsy,, / faces punishment; (3) repoms; (4) does not file / does not fagainishment;
(5) does not file / faces punishment. loetlenote a contingency and" ={1,23}denote the
set of contingencies for high whites. Defin®(o ) as the consumption level of a high white
when contingency o 2" occurs. Similarly, let ¥®={12345}denote the set fo
contingencies for high blacks, and defing(s) as the consumption level of a high black
when contingencys € ® occurs. Letf denote the fine rate for underreporting gkenote
the fine rate for not filing a tax return. Then, the consumption levels for high blacks and
whites are as follows:
W)=2:0=Y, -1,Y,
f(2)= (- (1+ f)tH Yo+ ft, Y,
5(3)5( '

(6)= - s ok, v,

We assume that< f < ¢ . To simplify the analysis, let= 1

oo Hence,z§(5)zo
H
To minimize ambiguities in our comparative statics analysis below, we assume that
income earners are risk neutral. The expected utility for a high type who reports truthfully is
simply(1-t, )y, - The expected utility for an individugiwho reports medium income is:

YH _tMYM _[AM JeQ(PW J[Y tMYM _((1_(1+ f )tH )YH + ftMYM )]

R, P,

Then, individual w reports truthfully if and only if

U((:]'_IH)YH)Z U(YH_IMYM)_(Q_MJq[PWP—W)[U( tMYM)_U([l_(1+f)tH]YH +ftMYM)]' (1)

It is important to observe that condition (1) is violatedvatp)’. It follows that we

are always guaranteed to hare' < P'.
The expected utility for an individual b who does not file is

o 222 v,
The expected utility for an individuaIHb who reports medium income is
U(Y, —t,Y,)- [ J(q )( J[U( -1,Y,)-U([1- @+ )ty +1t,Y,)]
Then, individual b files a tax return if and only if

{1—(«{#)[ P bﬂum)s max{U(a- 1, Y, JU(Y, - t,Y,.)

Py

_(qK)(Q—MJ[%J[U(Y -t,Y,)- ([1—(1+f)tH]YH+ftMYM)]} 2)
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Since condition (2) is violated at=P?, we always havel, > 0.

Let C denote the total number of individuals who comply with tax laws. Individuals
may comply voluntarily or involuntarily. i€, denotes the total number of taxpayers who
comply voluntarily and denotes the total number of tax law offenders that the court
convicts for tax evasion, we ha@e=C, +C,. Furthermore, the group of convicted tax
evaders consists of those convicted following successful additsand those convicted
following successful inspections, . HenceC_=C, +C,. For future reference note also that:

C,=Cl+C/=R}+P, +R/.
C,=C} +C}.

We assume that the government cannot observe either the TA's inputs (efforts) or
outputs (audits, inspections and quality level). The government, however, can observe some
of the TA's performance outcomes, namely, collections of total tax and fine revenues. This
implies that the government can use these indicators to reward the TA's performance. The
autonomous TA, therefore, controls its own revenues and allocation of effort levels among its
four activities. The TA’s objective function is

QES+pTT+pFF+p®<D—T(eM,eH,e,,eQ;e)

The quantity S represents the lump-sum transfer received from the government (i
positive) or paid to the government (if negativiedlenotes the total tax revenue collected, F
gives the total fine revenue collected from convicted underrepodtergpresents the total
fine revenue collected from convicted nonfilgrs,is the reward rate per dollar of tax revenue

collectedp, is the reward rate per dollar of fine for underreporting collectedpgisdthe

reward rate per dollar of fine for nonfiling collected. The TA takes the reward rates as given;
they are predetermined by the government.

The Income Tax Game

We are now ready to describe the "income tax game" played between income earners
and the TA. The game is as follows:

The Income Tax Game

Stage 0: The government announces the tax structure — i.e., tax rates, fine rates and
performance rewards.

Stage 1: Income earners decide whether or not to file, and those who file decide
whether or not to file truthfully.

Stage 2: The TA decides how much effort to exert in each of its auditing and
inspecting activities.

In order to focus on the incentives governing the decisions of income earners and the
TA, we do not model the government as a strategic player. We assume that the tax structure is
determined exogenously. This does not seem to be a strong assumption in what regards tax
and fine rates, since in democratic societies they are determined jointly by the executive and
legislative branches of government. Performance rewards, on the other hand, may be
determined solely by the executive branch. Our assumption here is based on the Brazilian
experience with performance bonuses. While the bonus scheme was designed by the
Brazilian TA itself, its implementation depended on approval of both the executive and the
legislative. A model that correctly depicts the Brazilian case, for example, would need to
consider the lobbying efforts exerted by the TA as well as the strategic motivations of both
the executive and legislative branches. This is an interesting avenue for future research.
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The equilibrium concept used here is subgame perfection. As it is usually done, we start by
examining the last stage of the game. First, note that

T=T,+T,=t,R, +t,R, +1,C, =t,R, +t,R, +1,(C, +C),
F=ft,C,, ®=¢t,C =(1-t,)C,.

Then, the TA's objective function becomes:

Q=S+ pT(tMRM +tHRH)+tH[(pT +pr )CA +(pT +pq>(1_ tH))CI]_lP(eM’eH’el’eQ;e)'
Letp, =p, +p,fandp, =p, +p,(1-t,) Hence:
Q=S+p,(t,R, +t,R,)+1,[p,C. +p,C |- ¥(e,.€,.€,6,6).

It is important to notice that at the last stage of the game some quantities have already been
determined in the previous stages and are thus taken as given by the TA. These quantides are th
tax and fine rates, the performance rewards and the numbers of individuals who do not filee who fil
medium-income reports, R and who file high-income reports;RThe TA is mainly interested in
finding tax evaders — underreporters and nonfilers — who will not be able to avoid punishment for
tax evasion.

It is straightforward to calculate the expected numbers of tax offenders who are cbnvicte
for tax evasion. These quantities are given by

B B
Ci(e,.0,.€.8,)= [L?j[mjj(%}(m N R2M j
M H
€ o, € RY_P RY _p
chnae {5555
M H

(2[5 5%

Note that each of the functions above decreasgs ihhis is easy to explain. Auditing Hig
income reporters has no direct deterrent effect on underreporting or nonfiling behavior, but it
competes resources away from auditing of medium income reporters and inspecting of nonfilers.
Hence, the TA does not find it desirable to exert effort in this activity:

e, =0. ®3)
Let
V(eM’eI’ Q)E tH[pACA(eM’el’eQ)+pICI(eM’el’eQ)]_T(eM’el’eQ;e)' (4)

The TA chooses nonnegati{eg,e,,eq} to maximize (4). To illustrate the circumstances

under which both auditing of medium income reporters and inspecting of nonfilers are strategic
complements to enforcement quality, it is instructive to solve this maximization problem in two
steps. We shall first keepfixed and maximize (4) with respect g and ¢ . This procedure will

enable us to defing and ¢ as implicit functions ofe, and then characterize the circumstances
under which both functions increasee. In the second step, we place the implicit functions into
(4) and then maximize the implied function with respedt,to
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Assuming an interior solution, the first order conditions with respect,t@nde are as
follows:

oV p.C.le+e,) pC
V, = =t -~/ 1-(1-0), =0, 5a
2Ly 2B rR) 0S| o, ()
Vv, Ea_V:tH|:pICI(eM +eo)_ pACA:|_(1_e)eI =0. (5b)
oe, Ee E

Equations (5) indicate that auditing and inspecting efforts are chosen at levels that equate
marginal revenues to marginal costs. Giggnthese conditions are both necessary and sufficient

for a unique local maximum, since

v, = _%EEHE) <0, (6a)

| = ViV, V2 = 1—9)2[2E(e, +eM)JI;2(2eM +eQX2e, +eQ)]>0. (6b)

Conditions (6) tell us that the second order leading principal minor of the Hessian rhatrix o
V, |HM,|, is locally negative definite. Hence, we know that equations (5) can be used to implicitly
define the functions
e =e(€.ppp i, 0,0,,0,, R, RN, P LB, PSP ) j=1,M.
Differentiating equations (5) with respectelgyields:
oe,
(1—6)2E2eg(ze“‘ +E e, +e,] e, =((1— 0)e, +e )Ee, +t,(p,C, +p'C')e°].
e,+e 2e+E) %e | | (1-0)e, +€)Ee +1,(p.C. +p,C e,
e,
Close inspection of the linear system of equations (7) reveals that at least one of its

()

variables,giM andg%, must be positive. In other words, at least one of the enforcement quantities
Q Q
must be strategically complement to enforcement quality. Indeed, it is quite reasonable to expect

that both auditing and inspecting are strategic complements to quality, since

%z(l—e)E(eM +e)e,(E+e)-€]+t,(p.C, +p,C 2 +e )e (8a)
de, (1-0)Ee,|[E* +(E+e,)e, +&)+4e,6 |
ﬁz(l—e)E(eM+e,)[e,(E+e )-€, ]+, (0,C, +p,C,N2e, +& )e (8b)
de, (1-0)Ee, [E? + (E+e e, +e)+4e,e |

Partial derivatives (8) are both positive ef =e. They are also positive with unequal

auditing and inspecting efforts provided these quantities are not strongly dissimilar. It is possible
that one effort level is so large relative to the other that one of the partial derivatives turns out to be
negative. For example, (8a) could be negative ifs very large relative tce,. The other partial

derivative, however, would necessarily be positive. To minimize ambiguities in what follows, we
shall assume that, for any, >0, the optimal auditing and inspecting efforts chosen by the T

satisfy the following inequalities:

e,(E+e)>¢€, (9a)
e(E+e,)> €. (9b)
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Although inequalities (9) are apparently quite reasonable, in the sense that they hold as long
as auditing and inspecting efforts are not too strongly dissimilar, it should be clear that they are only
sufficient, not necessary, conditions for the partial derivatives (8) to be positive. Inequalities (9) are
quite useful because they enable us to sign some partial derivatives in our comparative statics
analysis below.

To examine the TA's choice of quality effort, let us define
r(e,)=V(e, (e, *)e (e,*)e,) Maximizing T(e,) with respect te, and assuming an interior solutio
we obtain:

1" . dr =tH(pACA+pICIXeM+e|)

e e ~(1-6)e, =0. (10)

Equation (10) tells us that the TA exerts quality effort at a level that equates the marginal
revenue and marginal cost from such an activity. It is important to alert the reader that, due to the
strategic complementaritiesI"is not necessarily strictly concave in the neighborhood of a
maximum. Fortunately, the (omitted) condition requiredfdo be locally strictly concave does not
appear to be very restrictive. Assuming that this condition is satisfied, we can use (10) to implicitly
define the following function:

eQ :eQ(pA’pl’tH’e’aM’al’K’Rl\Bﬂ’R:\,ﬂv’NH’PL’PM’P:’P:/)
At stage 1 of the game, income earners anticipate how the TA will react to their decisions

and behave accordingly. Given the results above, conditions (1) and (2) may be rewritten as
follows:

u(@-t,)v.)= (Y, -t,Y,)

_[aMeMReMQ(- . ](eE(())j PHWPH;WJ[U(YH ~1,Y,)-U(L- @Oy, YL (A1)
{1-(“'6'(§(°)’°)J[K§‘E.(§)J( Pﬁp:bﬂumsmax{u«l—tH)vH),um 1Y)
_(“MeMFge:(’)")J( “E())j( P”BPH; bJ[U(YH ~4,Y,)- UL- @+ DY, +1,Y, )]}, (12)

Where E(.) = eM (eQ (.)’.)+ eI (eQ (.)'.)+ eQ (.)'
We now investigate the properties of an equilibrium for an economy characterized by a low
level of development. We define such an economy as one where we observe a low enough value for

the parameteg so that condition (12) is violated for ajlc [0, p:]This, in turn, implies thaly, = p°

and r¥ = r . In words, all high blacks are nonfilers and thus those who report medium inceme ar
all whhiﬂtes, h(Aeither medium or high whites. Furthermore, we assume that condition (11) isdsatisfie
binding for some typg" < (O, p:"] wheny -pe andr" =R, . Hence, all high whites whose types
are in the interva[o,w”] report truthfully and all high whites whose types are in the int@wlai:v]
underreport their incomes. That is to sgy.= R = p¥ —(RXX _ pM) and
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U(a-t.)v,)=U(Y,-t,Y,)

_[aMeMF(Q?(-),-)][eE((:))j[RXPH;V Py j[U(YH “t,Y,)-U[L- @ Oy, +f, Y0l (23)

It is important to note that the quanti®, — P, gives us the number of high whites
who underreport income; i.e.,. Sindg is fixed, changes iR} represent changes in the
number of underreporters. Equation (13) defRgsis an implicit function of the relevant
exogenous variables:

R\r\//lv = R\I\IA\/(tM ’tH’YM’YH’f’pA’pI’e’aM ’al’K’Pl—?’PL’PM’PI—\IN)'
It is useful to summarize the results that we have obtained so far. The subgame
perfect equilibrium for the income tax game played by income earners and the TA is
characterized by equations (3), (5a), (5b), (10), (M8)=pP° and R} =R,,. Equations (5a),
(5b) and (10) inform us that the efforts exerted by the TA in auditing medium-income reports,
inspecting nonfilers and improving quality are set at levels that equate the TA's marginal
revenues to its marginal costs. Equation (3) tell us that the TA finds it unprofitable to exert
any effort at all in audits of high-income reports. Equations (18),=pP° and RY =R,
describe the equilibrium for income earners in an economy characterized by low
development, an economy where the degree of information about the black sector is so low
relative to the degree of information available about the white sector that no high black finds
it advantageous to file a tax return. Equation (13), however, demonstrates that the TA's efforts
are not totally in vain, since they deter some high whites from underreporting their incomes.
The strategic complementarity there necessarily exists between at least one of the
effective enforcement quantities and enforcement quality is, perhaps, the most important
message of our analysis up to this point. Knowing that improvements in enforcement quality
lead to improvements in audits and inspections, the TA does not have any incentive to
sacrifice enforcement quality in order to save resources that can be allocated in the other
activities. Conditions (8a) and (8b) demonstrate that at least one of the effective enforcement
guantities, audits of medium-income reports and inspections of nonfilers, must be
strategically complement to enforcement quality. Conditions (9a) and (9b), which rule out
strongly dissimilar effort levels, provide sufficient conditions for both effective enforcement
gquantities to be strategic complements to enforcement quality.

Comparative Statics

It is important to know which refutable hypotheses, if any, are implied by our model.
As we shall discuss below, our comparative statics analysis is plagued with ambiguities.
Whenever possible, we will attempt to shed some light on the sources of ambiguities. In a
few cases, the relationships become unambiguous by further placing some apparently
reasonable restrictions.

To better understand the sources of ambiguities, we provide a list of the relevant
partial derivatives for each stage of the income tax game. To save space, we do not present
the partial derivatives per se, but only indicate if they are positive, negative or ambiguous.
Consistent with the way we solved the game, we start by listing the relevant partial
derivatives for the last stage of the game. Giv(%r) we obtain the following partial

derivatives for the enforcement quantity efforts:

18



RBEE Revista Brasileira de Economia de Empresas

Brazilian Journal of Business Economics

Vol. 2 - n° 3 Setembro - Dezembro 2002
8 >0; o8 <0 (14a)
P, P,

%2 <0; o8 >0; (14b)
o, p,

%y 0; %, 0 (14c)
ot a,

% s g % o (14d)
00 00

o8y >0; %, <0 (14e)
oa.,, oa.,,

oe oe

—M < —L >0 14
oo, - oo, g (149
oe oe

—M <0 —>0; 14
< e (149)
% g &g (14h)
oRY R

% Lo % (o (14i)
oP, oP,

%y .0, % g (14))
oP, oP,

% g % g (14K)
oP? oP?

% & o (141)
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Partial derivatives (14a) tell us that auditing effort increases and inspecting effort decreases
as the "auditing performance reward ratp," increases. Auditing and inspecting activities are

strategic substitutes, even though each activity is strategically complement to enforcement quality.
The rationale for partial derivatives (14b) is identical to the rationale for partial derivatives (14a).
The signs of partial derivatives (14c) and (14d) follow from our assumption that enforcement
quantity efforts are not strongly dissimilar, conditions (9). Audits of medium repods an
inspections of nonfilers become more lucrative as the highest tax rate increases. Provided the T
does not strongly favor one of these activities over the other, effort levels increase in both activities.
By a similar reasoning, the profitability of both activities rises when the overall cost of productio
lowers as a result of an improvement in the degree of computerization.

An improvement in auditing productivity leads to an increase in auditing effort and a detrease i
inspecting effort, as partial derivatives (14e) indicate. The rationale for partial derivatives (14f) is identical.
As for the effects on enforcement quantity efforts of an improvement in the TA's degree of informatio
about black sector activities, we find that inspecting effort definitely rises because inspections of nonfilers
becomes more lucrative. In principle, it is not clear whether such an improvement would increase o
decrease the profitability of audits of medium reports. If some high blacks were to file returns, auditing o
medium reports would become more profitable, holding everything else constant. But, the opportunity cos
of increasing audits may be substantial. Since auditing and inspecting are strategic substitutesgan increas
in audits would necessarily compete resources away from inspections. Hence, provided some high blacks
filed returns, the information improvement would produce positive and negative effects on adiditing o
medium reports, and the implied relationship between these quantities would be ambiguogis. In th
equilibrium examined in this paper, however, no high black files a return. This implies that the TA finds i
desirable to reduce auditing effort as the degree of information about the black sector improves.
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To understand partial derivatives (14h) - (14l), it is instructive to remember how the
expected numbers of people convicted for underreporting and nonfiling are calculated, functions
C, and C,. Since, in equilibrium,R: =0, we haveC! =0 and C, =C. Now, note that @&
increase in the number of medium reports by high whites leads to an incre@seaind to no
change inC,. Therefore, auditing of medium reports becomes more profitable relative to inspecting
of nonfilers as the number of underreporters increases, effects that partial derivatives (14h)
illustrate. Since the logic for results (14i) - (14l) is similar, we will not comment on them.

The results concerning the comparative statics for enforcement quality are murky. Because
both enforcement quantity efforts depend positively on enforcement quality, the effects o
enforcement quality effort of changes in the parameters are both direct and indirect. As the indirect
effects influence the overall effects as a sum, the overall effects on enforcement quality effort
cannot be unambiguously determined unless both indirect effects have the same sign. For example,
the effect on enforcement quality effort of an increase in the auditing performance reward rate is
ambiguous because such an increase leads to a simultaneous expansion in auditingdeffort an
contraction in inspecting effort, and the overall effect on enforcement quality effort depends, among
other things, on the sum of these two effects. Therefore, there are only two partial derivatives for
the enforcement quality effort function that can be unambiguously signed:

%0 and % o, (15)

at,, 00

The first partial derivative in (15) tells us that the TA increases quality effort as the highest
tax rate rises because such a change in highest tax rate raises the profitability of enforcement
quality. This result is implied by the positive impact on the profitability of both enforcement
guantities following an increase in the highest tax rate. By a similar token, an improvement in the
degree of computerization leads to a decrease in the overall cost of production. This motivates the
TA to exert more effort on both enforcement quantity activities and, consequently, to increase
enforcement quality effort.

Let us now turn to the relevant comparative statics for stage 1 of the game. We shall
examine the effects on the varialie of changes in the set of parameters, .t,.v,.Y, }. As we
observed above, changes in the other exogenous variables lead to ambiguous results. Unfortunately,
none of the signs of the partial derivatives for tiie function can be determined unambiguously.

The sources of ambiguities in this case are basically two: (i) the concavity of U (i.e., risk aversion);
and (ii) the enforcement quality raig= e,/E.

Risk aversion is a source of ambiguity for all partial derivatives except for the partial
derivative with respect td. The only source of ambiguity for this partial derivative conceras th
effect on the enforcement quality rate of changes in

aq_1 %_[EJE (16)
00 E\loo \E)oo )

Since aaig>o and Z—§>O, the sign of partial derivative (16) cannot be deterthine

unambiguously. This is problematic because equation (13) clearly demonstrates that the ¥ariable o
interestrw, depends on the enforcement quality rate.
If we assume, as it seems reasonable, that the enforcement quality rate increases with a

. . ... 0 .
improvement in the degree of computerlzatleé%,>0, we are able to conclusively state that

w
underreporting falls as the TA becomes more computerﬁaﬁe&<o_ The TA's optimal responses

to an improvement in the degree of computerization are effective in increasing the expectéd cost o
underreporting. Consequently, fewer high whites attempt to evade taxes.
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If we assume risk neutrality instead of risk aversion, we obtain conclusive results for three
of the remaining four partial derivatives. With risk neutral income earners, equation (13) simplifies

to:
o[22 (eQ<->,-)J[eQ<->J(R:—mjzl_ an

E(o) E(o) P,:N

Unlike before, the implicit function defined by (17) is independent of the
parameter§, ,v,,Y, . These parameters do not influence the TA's efforts. It follows that aechang

in any of these parameters does not affect the expected cost of underreporting. Hence:

aR:x_aR:;_aRg:
ot oY, oY,

0. (18)

M H M

Similar to the case for th2 parameter, we can only determine the sign of the partial

w
derivative with respect to,, a;“” , if we further assume that:

H

515 (1)), )
a, Elat, \E)at,

If the enforcement quality rate is positively related to the highest tax rate, underreporting
falls as the highest tax rate rises. The TA's optimal responses to an increase in the highest tax rate
raise the expected cost of underreporting which, in turn, effectively deters some high whites fro
underreporting their incomes.

Conclusion

The simple model studied in this paper illustrates some of the positive incentive fffects o
tax performance outcome indicators. By rewarding total collections, the government induces the
autonomous tax administration to exert effort in improving the quality of tax enforcement.
Improvements in quality effort, in turn, may increase the efficiency of both auditing o
underreporters and inspecting of nonfilers. Although audits of underreporters and inspédctions o
nonfilers are substitutes for each other, at least one of these enforcement quantities is necessarily
positively related to enforcement quality.

Holding enforcement quality effort constant and assuming that the enforcement quantity
efforts are not strongly dissimilar, we were able to sign most of the relevant partial derivatives i
our comparative statics analysis for the quantity effort variables. These partial derivatives had th
expected signs. The two most important results turned out to be the impacts on the quantity effort
variables of changes in the high tax rate and in the degree of computerization. We showed that
quantity efforts rise with increases in the high tax rate and in the degree of computerization. These
results were quite significant because they enabled us to conclusively ascertain that enforcement
guality also rises with increases in such parameters.
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Due to ambiguities introduced by risk aversion and the enforcement quality rate, we were
unable to obtain conclusive results in our comparative statics analysis concerning tax evasion incentives.
By restricting our attention to situations where the enforcement quality rate rises with increases in the
degree of computerization, we were able to state that tax evasion falls with improvements in
computerization. Tax evasion also falls with increases in the highest tax rate ifincome earners are risk
neutral and the enforcement quality rate rises with increases in the highest tax rate. Both of these
effects on tax evasion incentives are due to the actions undertaken by the TA in response to increases
in the degree of computerization and in the highest tax rate. Because each of such changes in the
parameters motivates the TA to work harder in all enforcement activities, the expected cost of
underreporting increases. Hence, fewer high whites attempt to evade taxes.
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