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Abstract

This paper examines the consequences of tax evadioin a dynamic fiscal and mone-
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tertemporal distortions. An increase in the degofdax evasion may indeed stimulate eco-
nomic activity and alleviate the inflation bias leading authorities to cut distortionary taxes,
hence lower intratemporal losses. Moreover, as dredibility problem of monetary policy
makes that the public investment level is too fiign a social point of view, tax evasion im-

proves the intertemporal distribution of distortoif it brings about a cut in public investment
spending.
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1. Introduction

Corruption is usually regarded as a plague in avader public discussion. Basically, it is
a violation of the rules supposed to govern thecalion of resources in market economies.
Empirical studies suggest that corruption may sestip affect economic efficiency and re-
strain growth through a wide range of channelst ean take many forms and be carried out
at different levels. In particular, there is some&dence that corruption discourages private
investment and alters the composition of governnegpenditure (Mauro, 1997). The oppor-
tunity to extort bribes from new infrastructure jeeis may indeed lead some politicians to
make their decisions on a distorted basis and aaéintincrease public investment in unpro-
ductive projects, especially in developing courstri@here widespread corruption negatively
impacts on the quality and return rate of the egsinfrastructure, too (Davoodi and Tanzi,
1998). Corruption is also likely to have adversedi consequences, especially if it contrib-
utes to larger budget deficits when it takes thienfof tax evasion (Tanzi, 199%).

Such a phenomenon appears all the more detrimesalblic investment spending on in-
frastructure or human capital is likely to sustagonomic growth by enhancing overall pro-
ductivity in the long run (see Aschauer, 1989a.an) probably turns out to be as important
as private investmeAtEven if empirical research does not always suc@eetlawing clear-
cut conclusions about the precise magnitude ofrtipact of public investment on macroeco-
nomic performance (see European Commission, 2008inl; 2004), there is all the same a
consensus according to which public capital exganeliand productivity growth are posi-
tively linked. In particular, public investment ddiplay a leverage role in rendering private
investment more productive and in stimulating morigate investments in productive assets
(Lloyd, 1999).

The present paper attempts to explore the consegsaf corruption in the form of tax
evasion for the composition of government expemdihetween public consumption and pub-
lic investment and for social welfare in generalokder to focus on the strategic aspects that
are instrumental in determining the share of pubNestment in total government spending, |
tackle this issue from a purely theoretical viewppoby means of a standard game-theoretic
model of fiscal and monetary policymaking with cormment problems in a closed economy
in the tradition of Barro and Gordon (1983). Thisedal is particularly intended to describe in
a very simplified way the situation in some deveailgpcountries, where corruption and the
lack of credibility of government institutions assues of major public concern.

For my purpose, | resort to useful ingredients fisome recent papers. To my knowledge,
Huang and Wei (2003) are the first to have combthedssue of corruption with that of time
inconsistency. These two authors model corruptgaraerosion in the government’s capacity
to collect tax receipts through formal channels examine the consequences of such a prob-
lem for the design of monetary policy in developouyntries. Here, | take up again their ap-
proach and use the same type of model, but exteéadwo periods for considering the role of
public investments in enhancing productivity andithmplications for future economic out-

! Of course, tax avoidance exists irrespective ofumiion, whenever taxpayers seek for exemptionsamipu-
late their declarations with the aim of reducingittpayment. The problem is that corrupt practigedertaken
by officials in return for bribes may aggravate thakage of tax revenues to a significant extedt @mntribute
to weak tax administrations. Empirical evidenceeads that high corruption is generally associatét low tax
receipts (Davoodi and Tanzi, 1998). The case aofi Bad Uganda quoted by Tanzi (1997) is particuleelyeal-
ing in this respect: the tax evasion problem wasrgmrtant in those countries and corruption becamperva-
sive that the existing administrations were diseahand replaced with new ones. Another well-kn@xample
is the failure to undertake efficient and equitatbe collection in Russia after the collapse of $luwiet bloc.

2 Some other theoretical reasons, such as the sopplyblic goods or the presence of various mafdiires,
also provide a rationale for public investment.



comes. In addition to their paper, | make use efwrk by Ismihan and Ozkan (2003a, b, c¢),
who utilize a similar policymaking framework andstinguish current spending, which does
not affect output, from productivity-enhancing sgerg, which boosts economic activity in
the long run. The important point is that the cboa¢ the composition of public expenditure
implies a strategic behavior from the incumbentsithe favorable consequences of the vol-
ume of public investment committed today will obky realized in the future.

| start off by studying the optimal level of publimvestment and the implications of tax
evasion in the case in which the policymaker cadibty commit to future inflation. Under
this regime, social welfare always decreases asumioon increases, as already shown by
Huang and Wei (2003) with their static model. Tlasib reason is that the equilibrium infla-
tion rate goes up with tax evasion, given the so@éue of seigniorage in providing public
revenues. In this dynamic version, | show in additihat corruption also increases the loss
originating in the distribution of distortions assotime by affecting the equilibrium public
investment level. However, for any degree of taastan, the commitment regime always
yields the highest welfare level and thus providesitural benchmark for the analysis.

Next | drop the assumption of commitment and caersilde discretionary case. The analy-
sis of the discretionary regime allows me to detive main result of this paper, which runs
counter to conventional wisdom. | show that fiscatruption can theoretically be welfare-
improving when the decision-maker is no longer dbleommit. Such a result suggests that
the actual authorities’ incentive to fight certémms of corruption could depend, in part, on
their anti-inflationary credibility. Thereby, thimight contribute to explaining why bureau-
cratic corruption remains much more prevalent imettgping economies. More specifically,
in a country endowed with a populist political mbde which the government puts more
weight on output than on price stability, tax eeasmight exert beneficial effects by reducing
both intratemporal and intertemporal distortionkeTbasic reason for this apparently para-
doxical result derives from the principle that #ygravation of a distortion (i.e. corruption) in
an already distorted world (owing to the absenceoofimitment and the self-defeating incen-
tive to boost activity through unanticipated inibe) may raise overall welfare, because the
two distortions tend to offset each other.

In this dynamic framework, tax avoidance affectsiglovelfare in two ways, in that it im-
pacts on both the intratemporal and intertempasd tomponents. The first source of welfare
losses is intratemporal and rests in the famil@nmitment problem leading authorities to
attempt to alleviate distortions in the real ecogadmy inflating. As the incentive to create
surprise inflation is perceived by the private secthe price level is higher under discretion
than under commitment, but there is no gain in seghoutput, except through the seign-
iorage channel, since the need for distortionaxgtian is then reduced. It is shown that, pro-
vided that the government puts a sufficient weightoutput and employment when imple-
menting policies, an increase in the corruptiorelaavolves a decrease in the tax rate and
thereby weakens the incentive to generate inflafidns is the first positive effect of fiscal
corruption in the paper: tax evasion makes it foedio bring inflation down and acts, in a
way, as a second-best mechanism that substitutesriamitment.

The second source of welfare losses stems fronintegemporal distribution of distor-
tions across the two periods of the game and thierefepends on the equilibrium level of
public investments. In this game-theoretic framéwtite incumbent strategically chooses the
public investment level in the current period iderto influence inflation expectations — and
hence the inflation bias of monetary policy — ie tiext period. Devoting more resources to
productive uses in period one makes it possibleotmst activity in period two; accordingly,
the incentive to inflate in the final period wilelweakened. The problem is that this strategic
behavior makes that the equilibrium level of praduecspending in period one turns out to be
too high from a social point of view; that is toys¢éhe intertemporal allocation of distortion-



ary losses is suboptimal. It can then be showndhancrease in tax evasion may involve a
decrease in productive spending through its impadhe incumbent’s effective discount fac-
tor. This is the second positive effect of fiscatraption: tax avoidance lowers intertemporal
welfare losses whenever it entails a cut in pragagtublic spending.

The rest of the paper is as follows. Section 2 niless the two-period model with public
investment spending. Section 3 shows that fiscaildance always worsens welfare under the
commitment regime. Section 4 turns to the consewpgenf fiscal evasion for social welfare
under the monetary discretionary regime and deteasmthe formal conditions under which
an increase in the degree of tax evasion permits intratemporal and intertemporal distor-
tions to be reduced. Finally, Section 5 concludé® details of the calculations are contained
in two technical appendices, available from thénautipon request.

2. The model

The modeling framework is in the tradition of Baand Gordon (1983) and Alesina and
Tabellini (1987) in a closed economy and formulaiegame between a centralized policy-
making authority and workers representing the peivsector. This standard framework is
developed into a dynamic two-period model to inocoape the role of public investment in
enhancing overall productivity and its consequerfoesesconomic performance in the long
term (see Ismihan and Ozkan, 2003a, b, c). As ianguand Wei (2003), corruption simply
takes the form of tax evasion and is then assumeduse a leakage of tax revenues.

A representative firm faces the production functior A(L,)“ whereY,, L; andA; repre-
sent output, labor and the productivity level imipeé t, respectively, and € a < 1. The firm
is a price taker on every market and has to maeif¥(1 — ) — WL, whereP; andW; re-
spectively denote the price level and the nomiregevrate in period t, and whegas the tax
rate on the total revenue of the firm in periodg.in Alesina and Tabellini (1987), fiscal pol-
icy has distortionary effects: any increase inttherate leads to a fall in profitability and thus
results in lower output.Workers make rational expectations and have f& sbjective to
achieve a target real wage rate whose logarithmoisnalized to zero; hence, the nominal
wage rate in period t is set equal to the expeptémk level for period tw; = (py)°, where
lower case letters represent logs and where thersenpt “e” denotes a rational expectation.
It is easy to check that output is then giveryby (a/(1 — a))[p: — (0)° — & + a/a + log(a)],
where log(1- r) has been approximated by %).

Following Ismihan and Ozkan (2003a, b, c), | simadsume that productivity in any pe-
riod directly depends on the public investment lelesen by the policymaker in the previ-

ous period:a, =a, + 3,0;,, Whereg' denotes public investment expenditure agds, > 0.
Therefore, substituting: into the output equation above and setiihg f/a for algebraic
simplicity yieldsy, = (a/(1 - a))[pi - (P)° - &+ Bg,., + ala + log(a)].

Normalizing output by subtracting the constant saglr + log(a) from the equation
above and setting = %2 for convenience finally gives:

X =74 =T~ T+ By (1)

% The absence of lump-sum taxes implies that tisé-iiest equilibrium cannot be attained here. Tlterse best
corresponds to the commitment equilibrium withony @orruption. The tax evasion problem thereforékesa
that the solution with the highest welfare levelttban be reached in this model is only a third.bes



wherex; is normalized output angf stands for the inflation rate. The paramgfaneasures
the productivity of public investment. Notice thadrruption in the public sector may also
affect the value taken by Davoodi and Tanzi (1998) provide empirical evicethat corrup-
tion is often associated with poor quality of idfiraicture because of cutbacks on operation
and maintenance expenditure and reduces the praitiyctf public investment in the end.
According to this analysis, the higher the levelcofruption in the economy, the lower the
productivity parameteg.

| take up again the distinction made in Ismihan @atan (2003a, b, c) between public
consumption spending), which has no effect on economic activity butigseinstant utility
to authorities (on political and electoral grounfis, instance), and public investment spend-
ing (g"), which has a positive impact on overall prodiitfiand makes it possible to increase
output in the next period, as seen above. Curemdn-productive) spending is made up of
public sector wages, transfers and other governecmmgumption expenditure. Public invest-
ment is here understood in a broad sense and gatabkists of spending on infrastructure,
such as transport and telecommunication netwoekslihg to changes in the stock of physical
capital, and of spending on knowledge and humaitatajeducation, training and research
and development).

The government budget constraint creates a link between fiscal and monetary policies
within each period and between optimization deaisiacross different periods:

gc +gy =7+ )7y, )
O<y<l
Borrowing as a source of financing is excludeddbstracting from the issue of strategic
public debt accumulatiohThe left-hand side of (2) represents the totalegoment outlay.
The right-hand side indicates the two sourcesr&rfcing available to authorities: seigniorage
revenues7z, and tax revenuess.”
yis the key parameter in the analysis. | resume#iseimption of Huang and Wei (2003)
concerning the connection between the degree o@igtion and the amount of tax receipts,
and model corruption as a diminution in the govesntis ability to collect tax revenues
through formal channels. Corruption brings aboldss of public revenue when it takes the
form of tax evasion. Hencg;can be thought of as a fiscal capacity index:|tveer ), the
lower the amount of tax receipts eventually acgumthe government. When= 1, there is
no corruption at all. On the other handy# 0, so important is tax evasion that the tax cellec
tion system collapses, and the government cantiectany revenue through the tax channel.
The government’s loss function reflects the prafees of society, in that it accounts for
the preferences of not only workers but also nonkets, and is increasing in the deviations
of inflation, output (i.e. employment) and publiensumption spending from their targets:

1& *
VL, =03 p 1[ﬂf+sxxt2+sg(gf-9t )2],
t=1
O<p<lands,s, >0.

3)

* Faure (2004) investigates this issue and the tsffefocorruption by means of a similar model. Tiedduction
of public debt does not alter the qualitative natof the results and would even reinforce the agich of the
present paper: tax evasion may again improve vweelfader the discretionary regime by reducing botitatem-
poral and intertemporal welfare losses if authesifput a sufficiently large weight on output.

> For convenience, | shall suppose throughout teeatethe paper that there is no public investnspending in

t=0norint=2,sox =75, -7 -1, andgs =77, +7,.



The targeted inflation rate is taken to be zero @mdesponds to price stability. For con-
venience, without any consequence for the resthiésputput target is also set equal to zero,
which is the level reached, in the absence of tatodions (i.e.z; = 0), in a rational expecta-
tions equilibrium whenever inflation is correctiptipated (i.e.7z = (77)°). This normaliza-
tion is possible seeing that the desired publicsoarption spending levely, is strictly posi-

tive. In this model, the need to provide public de@nd services in each period of the game
is enough to generate the usual time-inconsistprnalylem and an inflation bias under discre-
tion. Notice that public investment spending is i&elf an economic policy objective, in that
there is no targeted value for this variable, butevertheless enters in the determination of
welfare through the budget constraint and the dwtppply function in period one and in pe-
riod two, respectivelys, andsy are both positive and denote the weights of thipuiuand
current spending objectives, respectively, relatovéhe weight of the price stability objective
(which is normalized to unity). Finallygis the subjective discount factor of the governimen

Unlike Huang and Wei (2003), the weights assigreethe various economic objectives
are here allowed to differ from one another. Ad b clear below, this assumption is crucial.
In reality, there is no particular justificationrfeupposing that the government would always
attach the same importance to each of its objextiVee weight put on activity may indeed
differ from those put on price stability and thesided level of public expenditure, depending
on the economic and political features of the coyrthe ideological preferences of the dif-
ferent political parties, or even the probabilioy the incumbent of being out of office at the
end of the first period. For instance, a populsteynment might place a very large weight on
output and employment seeing that its re-electiabability is rather low. On the other hand,
a conservative policymaker should worry more ahoflétion. In a general way, | shall as-
sume throughout the rest of the paper that thesdecmaker is rather weight-liberal, and
then particularly cares about the deviations opoufrom its target, but not much about infla-
tion or public expenditure (i.& — « andsy — 1). This assumption is necessary for show-
ing that an increase in the degree of tax avoidanoebe welfare-enhancifig.

3. The commitment regime: when fiscal corruption does harm

| first consider the case in which the single pgii@ker can credibly commit to a given in-
flation rate (i.e.7 = (77)° ex antefor t = 1, 2). This equilibrium corresponds to the thiesb
solution (if there is some tax evasion) and prowithee benchmark as regards social welfare.

3.1. Public investment and welfare losses

In this dynamic setup, the decision regarding houclmto spend on infrastructure and
other projects to improve productivity is madehe first period while taking into account the

® A possible justification for this assumption, apom the fact that it contributes to explainingyythe poli-

cymaker may come up against a commitment problesghb@nunable to set a time-inconsistent policy his t
corruption, though universal, is all the same nsméous in countries whose environment is politjcahstable,
especially in the poorest, on account of wealtlgjiradity, among other things. In such a contexthaxities tend
to discount future events at a higher rate andnaree readily prone to adopt populist policies inatempt to
increase their re-election probability. In thisligtyd framework, that type of behavior is captumneda simple

way by a marked aversion for the deviations of oufpm its target.

" The details of the derivations for the commitmeae are contained in Appendix A (available upouest).



repercussions of these investments on future owsoklence, when determining the produc-
tive expenditure level, the first-period playersaets a leadevis-a-vis the second-period
player, since public investment can be employeatesgically for influencing future decisions.
The model is solved by backward induction: the sdeperiod policy choices and welfare
losses are derived for any value @f and under the conditiors = (7z)° subsequently, the
first-period policies (including the equilibriumvel of productive spending) are computed
under the constraim = (77)°, given that the second-period policies will besgimally.

When determining the optimal level of productiveéghancing public expenditure, the
current decision-maker has to equate the margostlfoom increasing public investment (i.e.
larges losses in period one) to the (discountedpmal benefit (i.e. smaller losses in period
two). Eq. (4) below illustrates this intertempatralde-off:

g +d. = pBY(g; - Bg.) (4)

The left-hand side of (4) represents the loss gesdaby society in period one in conse-
guence of public investment spending. Expandindiputivestment inevitably takes place at

the expense of lower public consumptifre.(dg,’)/(dg,) <  TDherefore, the higher the pub-

lic investment level, the higher is the positive deetween the targeted level of current spend-
ing and the effective level. Moreover, any risgpmductive expenditure implies both higher
seigniorage and tax revenues given that they @&éwbh means of financing available to au-

thorities (i.e.(87z)/(dg,) >0and(dz,)/(dg,) > 0), thereby lowering the current production
level, which is always below its target in the ditpaium (i.e.(0x,)/(dg,) < 0).
The right-hand side of (4) represents the beneftariod two from undertaking public in-

vestments in period one. The higher the level dilipunvestments, the better will be eco-
nomic performance in the final period. The incregsproductive spending results in higher

output in period two(i.e.(dx,)/(dg,) > 0).Moreover, the favorable effects of public invest-
ment are not limited to economic activity. Publwestment indeed expands the amount of
tax receipts in period two thanks to productionvgto (i.e.(07,)/(dg,) > 0), and thus im-
proves the policymaker’s leeway for reducing theiakon of current spending from its target
value in period twq(i.e.(dg5)/(dg,) > O)which in addition makes it possible to have a lowe
inflation rate (i.e.(87z,)/(dg,) < 0).

From Eq. (4), the equilibrium level of productivyeesding under commitment is:

c_ P9, 0,
loif = ©)

whereg® = pBy= 0, and where the superscript “c” is used for comant.

O is the government’sffectivesubjective discount factor. This term varies isaadance
with the nature of the policy game (i.e. the conmneitt technology available to authorities).
A higher effective discount factor raises the maagibenefit of public investment and so

leads to a rise in productive public expendit(ire.(d(g, )°)/(dp°) >0 8.

8 The effective discount factor is equal to zeroydnlthe very particular case in which the governt@uld not
collect any revenue through the tax channel (i=0). In that case, the commitment and discretiosatytions
merge into a single one, as will be clear belowthatities would then only consider the current perivhen
implementing their policies, and so would set ttggintrol variables so as to have a nil loss infite period

(i.e.0; =-0;,75 = 0andr, = 0,hencel, = 0, while L, =[s,(g5))/[ 2L+, ]).



The right-hand side of Eq. (5) reveals the deteamii® of public investment. The higher
the second-period current spending target, theenigtust be the level of productive spending
(i.e.(0(g,)°)/(dg,) > 0). Conversely, the higher the first-period public smmption spending
target, the lower the optimal share of productiveesditure(i.e.(d(g,)°)/(dg,) < 0).

The expression for society’s equilibrium welfarsdacan be decomposed into two terms
so as to distinguish the intratemporal componeanhfthe intertemporal one:

VC = Licntra X L?nter' (Ga‘)
The intratemporal loss factoLif:a) represents the distribution of the existing distms
across the various available policy instrumentdiwiteach period, and thus corresponds to
the result that would be obtained in a simple dm&-game without any public investment.

The intertemporal loss factok;fe) stems from the distribution of distortions acréiss two
periods, and hence depends on the rate of timengrefe. After some algebra, one finally
arrives at the following expressions (see Apperddirr the details of the calculations):

S
Lo = (6b)
pG*
Linter = T of (6¢)

whereZ =s +ss, +s,y° >0andG = fyg, +g, >0.

3.2. The negative consequences of tax evasion for social welfare

It is easy to demonstrate that fiscal corruptiomagis harms welfare under commitment.
Let us analyze the impact of a rise in the degfagexoevasion on each loss component suc-
cessively.

According to (6b), as the intratemporal loss fagtostrictly decreasing iZ, and asZ
strictly increases withy, any drop iny involves larger intratemporal distortionary losses
(i.e.(o(L, N/@py) = (0(L;,,.N/(0Z)x(0Z)/(dy) < 0). This result, first shown by Huang and
Wei (2003), is due to the fact that fiscal corraptihen tends to call into question the anti-
inflationary credibility of monetary policy. The eijbrium inflation rate under the commit-
ment regime effectively goes up as fiscal corrupti@comes more severe (ije— 0) be-
cause the recourse to taxation for financing pudghending is more and more costly in terms
of foregone output. Accordingly, authorities preferun a more expansionary monetary pol-
icy in order to obtain higher seigniorage revendesthe social loss is a positive function of
the inflation rate, more corruption inevitably reds welfare.

The new point here concerns the impact of tax ewasn the distribution of distortionary
losses across time:

s _ 2085(g; ~0°53)
oy [+ ppyf

(7)



The equilibrium level of public investment is stiycpositive if and only if o°g, > g, (see

Eq. (5)). This condition makes that the partialieiive (7) is always negative. Thus, in this
dynamic setup, the leakage of tax revenues exartdditional negative effect through the
distribution of distortions across time. A highexgdee of fiscal corruption involves a cut in
productive public spending that reduces the fiesigul loss but increases the second-period

loss in return. To see this, let us calculate #tig derivative of(gl' )C with respect tg/

o) _ pBl2By; + (- 0°By)ai)
oy L+ o°Byf

. 8)

Notice that L = oL if and only if p°By =1 (see Appendix A). Social losses are then
equally distributed across the two periods of tamg. Even in that case, a rise in tax evasion
involves lower public investment spending (see.(8))e leakage of tax revenues increases
the immediate cost of public investment, sincetéherate that has to be fixed for financing a
given level of productive expenditure goes up wita degree of fiscal corruption, all other
things being equal. The curtailment in productix@enditure in period one because of cor-

ruption will be still more pronounced in the moealistic case in whictp®By < {i.e. when

L < o). Tax evasion then negatively impacts on the intepiral distribution of distor-

tions still further by leading authorities to tradé losses in the second period against addi-
tional gains in the first period.

To sum up, this setup shows that tax evasion alweglses a country worse off under the
commitment regime by increasing both intratemparal intertemporal distortionary losses.

4. The discretionary regime: when fiscal corruption may be a good thing

Let us now consider the more interesting case irchwhuthorities are no longer able to
commit to their policy announcements. The discretiy case is more appropriate because the
present model is especially intended to describesttuation in many developing countries,
where corruption and the lack of credibility cohge a much more serious problem than in
developed countries. The model also becomes megeesting on account of the theoretical
conclusions to which it leads. Unlike the previoagime, tax evasion might indeed be wel-
fare-improving under discretion. This result cothds contribute to explaining why bureau-
cratic corruption remains prevalent in developir@reemies and why authorities in those
countries are not always encouraged to make stgnifiefforts to fight the problem.

4.1. Public investment and welfare losses

The method of solving the game is the same as déeéacept that the constraint= (77)°
applies ex postnow? Monetary policy is time consistent and the solutiof the non-
cooperative game between the policymaker and thvatprsector is the Nash equilibrium.
Note that if authorities consider inflation expeictas in period one as exogenously given, the

® The details of the calculations for the discregigncase are provided in Appendix B (available friwn author
upon request).



second-period expectations, in contrast, still nieede formed and are affected by the first-
period policy decisions. The level of public invesnt is consequently selected in a strategic
way in order to influence future outcomes.

The equilibrium level of productive expenditureuks from the equalization of the mar-
ginal cost from reducing the amount of availabkorgces for current spending in period one
and the (discounted) marginal gain in period twesaen before. Under discretion, this in-
tertemporal trade-off is given by the following adjon:

pﬂw (

g +0. = - Byt ) 9)

whereN =s, +s,s,(1+ )’ +s,)” >0andD =s, +s,s,(1+ ) +s,/” > 0.

Hence:
_p gz N
10
oif =5 5 (10)
where p° = pﬁyN > 0, and where the superscript “d” stands for discretio

A is the effective subjective discount factor ofhewities under discretion. In contrast
with the commitment case, the effective discoumtdanow also depends on the govern-
ment's relative preferences among the various enanobjectives, as measured fyandsy,
through the ratid\/D. An increase in this factor leads to a rise indpiive public expendi-
ture, as seen befofge.(0(g,)*)/(0p") > 0).

The comparison of (10) with the corresponding eggian (5) from the commitment re-
gime shows that the lack of reputation leads tinarease in productive expenditure as long
asy> 0 (i.e. as long aNl > D). This rise representscaedibility-improving effectaptured by
the ratioN/D. The presence of this ratio raises the effectigeadint factor and thus the sec-
ond-period gains associated with additional puinNestment.

The higher productive public expenditure level ne discretionary regime is due to the
fact that the current decision-maker can affedatidn expectations, and therefore the infla-
tion bias of monetary policy, in the next perioghe8ding more on infrastructure and human
capital enables authorities to enhance overallyrtidty and stimulate economic activity in
the second period, which will automatically weakbka incentive to create surprise inflation
to try to protect employment. Thus, by increasindplic investment, the government trade-
offs additional distortionary losses in period gne. higher inflation and taxes and lower
output and current spending) against gains in tédilgility of monetary policy in period two.

Just like in the commitment case, the expressiosdoiety’s welfare loss is split into two
terms for considering the intratemporal factor #relintertemporal factor separately:

Ld

V - Ld inter * (113.)

|ntra

After some algebra one finds (see Appendix B fdaait®:

g _g%N

intra 2D2 ’ (11b)
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di2}~2
L —M’O_LE_ (11c)

inter — (1+pdﬂy)2

4.2. The effect of tax evasion on intratemporal losses

Let us first examine the effect of fiscal corruption intratemporal losses. According to
(11b), the impact of a change in the valug’oh the intratemporal loss factor is given by:

W =S85 -+ 57,0 v 2] @2

Moreover, as the intratemporal loss factor coingidath that of a static game in which
there is no public investmerite.g, = Ghe effect of fiscal corruption on both inflatiand
taxation in any period t is given by the followipgrtial derivatives (see Appendix B):

o7 .

S ) (13)
ard .

ar;/ = SE)% [sx (1+ sg)—sg yz]. (14)

The sign of the derivativédL! )/(dy Inay be either positive or negative, depending on

the relative importance attached to the output puolic consumption spending objectives
and the degree of tax evasion. However, it is amvitat the sign must be positive in the case
of a government that cares about employment ablbema@ nearly assigns the same weight to
price stability and current spending (isg— « ands; — 1). In that case, a rise in the degree
of fiscal corruption has favorable consequencesadiosvs intratemporal distortionary losses
to be reduced.

The intuition for the positive effects of tax evasim the discretionary equilibrium is the
following. Corruption in the form of tax evasiontamatically increases the cost of using the
fiscal instrument for collecting revenue. All othibings being equal, the tax rate that has to
be fixed to obtain a given amount of tax receipieggup with the degree of tax evasion, so
much so that the cost sustained by society in t&infigregone output and employment rises.
If the objective of reaching the output target ygprevails, compared to the price stability
and current spending objectives, the optimal reactif the decision-maker to a rise in the
corruption level consists in cutting distortionaayxes (see (14X07)/(0y) > @ sc— « and
sy — 1). Consequently, the impact of corruption on\afgtiturns out to be positive (i.e.
(0x)/(0y) =—(01)/(dy) < 0). Moreover, when the policymaker primarily focus@®m eco-
nomic activity, the equilibrium inflation rate id¢sa lower in consequence of corruption, be-
cause the gain in terms of higher output lesseasrtbentive to generate surprise inflation
(see (13):(071°)/(dy) > 0if s,— = andsy — 1). Thus, another beneficial effect of tax avoid-

ance is to mitigate the inflation bias associatéti wiscretionary policymaking, provided that
the weight put on output is large enough. In tlzse; tax evasion acts, in a way, as a second-
best mechanism that substitutes for commitment.

11



In fact, the government is no longer encouragednidertake anti-corruption reforms be-
yond a critical degree of tax evasion. To see tbig)s examine the polynomial of degree two

in y within the partial derivativedL? )/(0y )Rearranging the terms in square brackets in
(12), (0L, )/(@y) = 0 if and only if:

_(Sx +1)Sgy2 —BSngy+sX(sx S _1): 0. (15)

The discriminan®A of the polynomial (15) iryequals9sfs§ +4s,5,(s +1(s,—s,-D. A
sufficient condition to havéd >0 is s, >s; +1 which must hold when the government at-
taches much more importance to employment tharistmther objectives, hence two real
roots: y; = (\/Z—3sxsg)/[2(sX +1)s,] and y, =- (x/Z+35ng)/[2(sx +1)s,]. Notice that the
root js is of no interest here since it is always negatbre\/z >0. It is also easy to check
that Oy, <1 if 3s;s, S\/ZS5SXSQ +2s,. Accordingly, tax evasion has damaging effects
(i.e.(0L% )/(9y) <0) if yfalls into the interval](\/z—SSng)/[Z(sX +1)s,],1]. The intratem-
poral welfare loss reaches a maximire.(0L,.)/(@y) = d@)y= y. Corruption then im-
proves welfare(i.e.(0L?, . )/(dy) > O)f yfalls into the intervalO, (\/Z —35,8,)/[2(s, +D)s,[.

However, for sufficiently large values gf, the intratemporal welfare component is always
decreasing iryin the range between 0 and 1 becagsel.

0.25
.252
245 2515
.251
.24
2505
0.235¢1 L L L n L
0.2 0.4 0.8 0.8 1
0.2455¢
0.2 0.4 0.6 0.8 1 0.249 \
0.225¢ 0.2485¢
Figure 1. Intratemporal losses = 2 ands; = 1 Figure 2. Intratemporal losses &= 4 ands; = 1
0.268¢
0.254
0.238¢}
0.253
0.236
b.252 0.254f
251 0.232}
0.z 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
Figure 3. Intratemporal losses =5 ands; = 1 Figure 4. Intratemporal losses fgr= 7 ands; = 1

As an illustration, the four figures above show tlution of the intratemporal loss
component according to the fiscal capacity indexpor several values o, (with sy =1 in
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every case). The larger the value takershyhe higher the government’s aversion to unem-
ployment. Ifs, = 2, the intratemporal loss reaches a maximump=a), so that any increase in
tax evasion is always harmful (see Fig. 1). WhBen 4, the critical value oj/for which the
intratemporal loss factor reaches a maximum witheinterval [0, 1] is around 0.54 (see Fig.
2). In other words, corruption begins to be benafim that case when the rate of leakage of
tax receipts exceeds 50%. If the relative prefezeioc employment continues to rise, the de-
gree of tax evasion from which welfare gains carrdaped is getting weaker and weaker.
Thus, the value offor which the intratemporal loss reaches a maximises to about 0.76 if
s« =5 (see Fig. 3); that is to say, tax evasion themaky begins to be beneficial when it bor-
ders on 25% now. Whes) goes up to 7, the intratemporal component is @sang inyin the
entire interval [0, 1], and corruption is then aywavelfare-improving (see Fig. 4). In sum,
these results suggest that a country attaching mmwdlemore importance to employment will
be less and less prone to make efforts to loweevasion.

An interesting consequence of tax evasion, firghlighted by Huang and Wei (2003), is
that the commitment problem vanishes in the extrease of a tax collection system com-
pletely destroyed by corruption, so much so thatgbvernment can no longer collect revenue
through the tax channel (i.g= 0). In such a case, since the total amount ofipubsources
does not depend anymore on the choice of the tax fiacal policy is set only according to
the output objective. Consequently, the outputdlig always attained (i.& = x; = 0), so the
incentive to resort to unanticipated inflation &imulating economic activity vanishes, and
monetary policy is then selected on the basis etrithde-off between the price stability objec-
tive and the benefits of inflation in terms of se@age. It follows that the commitment solu-
tion and the discretionary solution merge intorggls one in that case. As long jgs 0, the
intratemporal loss factor is always greater undgerdtion than under commitment: although
output and current public expenditure are higheghendiscretionary equilibrium, the aggrava-
tion of the inflation bias problem makes that tbssl incurred by society is greater in the ab-
sence of commitment.

4.3. The effect of tax evasion on intertemporal losses

| now investigate the implications of fiscal cortigm for the distribution of distortionary
losses across the two periods of the game, andceqaaastly for the equilibrium level of pro-
ductive expenditure. The partial derivative of thértemporal factor with respect fois
computed from (11b):

aL?mer = 2G a'od d_ _ dV2 V¥ dor A
o T ﬂy)s[ 5 (0° - 8y)6 - Blo+ (0°F o' 91)}. (16)

The examination of the expression above showsatltatange in the degree of tax evasion
affects intertemporal distortionary losses in tvstidct ways, with both positive and negative
consequences. The first term in square brackets tt@n right-hand side of (16),

[(0p")(0V)](0° - pBY)G, captures the effect of corruption on the publigestment level
through the variation of the decision-maker’s dife discount factor,o® The second term,

Blo+(p)?)(p%g, - 0;), captures the impact of tax evasion on the goventisi¢rade-off

between the current and future public consumptipending targets. Both these terms are
positive as soon as the equilibrium amount of petista spending is strictly positive
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(i.e.p’g, >g,). Therefore, the former corresponds tavelfare-enhancing effeaf fiscal

corruption, whereas the latter corresponds wekare-worsening effecthe overall effect of
fiscal corruption on the intertemporal loss compurie thus ambiguous.

The first term represents a beneficial effect duthe fact that the effective discount factor
turns out to be too high in the discretionary aquilm from a social point of view. To see

this, let us compute the partial derivativeldf, with respect top® from (11b):

oL, _ 2G%(p" - psy)

: 17
d pd (1+,0d ﬁy)3 ( )
Moreover, one finds after some algebra:
d
90" _ PBINs (1+s, )+ 2Ds,s M1+ ) + 5,42 (2D - N)| (18)

dy D?

The partial derivative (17) indicates that the ntamporal allocation of distortionary
losses is optimal if and only i = pBy. This equality holds only in the extreme case hich
tax evasion is complete (i.¢.= 0); the commitment and discretionary regimes thmnge
into a single one. In all other cases (i.es P< 1),,0d > pBy. Thus, the intertemporal compo-
nent is strictly increasing ip” as long ag’> 0, which means that the effective discount factor
and so the amount of productive expenditure arehigb in the discretionary equilibrium
from a social standpoint, provided that the leakafax revenues is not complete. In addi-
tion, the partial derivative (18) is always positissince B > N, and indicates that any in-
crease in tax evasion entails a decrease in teetefé discount factor. Consequently, a rise in
the corruption level can exert a positive effectegards welfare by tilting the balance in the
composition of government spending towards cumemntproductive expenditure.

Such a result, which seems quite surprising at $ight because of the detrimental conse-
guences for the second-period macroeconomic pegioce) can be explained as follows.
Remember that public investment policy is emplogtdtegically here. Whereas they take as
given inflation expectations in period one, thetfiperiod authorities can influence inflation
expectations and economic outcomes in period twmegns of public investment spending.
The lack of commitment implies that the (endogeh@exond-period inflation expectations
are too high from thex anteperspective of these authorities. By devoting njublic re-
sources to productive uses, they have the captacdifeviate the inflation bias in period two,
since output will be higher. As a consequencejribentive to generate unexpected monetary
shocks to boost activity will be weakened, resgltin lower equilibrium inflation. As ex-
plained before, this strategic behavior from thstfperiod authorities is formally captured by
the ratioN/D in the expression for the effective discount faclithe problem is that such a
behavior involves a suboptimal intertemporal altaabecause it leads the first-period au-
thorities to rely more heavily on unanticipatedatibn for financing additional spending. In
the discretionary equilibrium, inflation expectattoare endogenous in the first period, too,
since the private sector correctly anticipatesfitst-period policymaker’s incentives. Hence,
the discretionary equilibrium is characterized by excessive reliance on the first-period
sources of financing. Therefore, tax evasion pediiimpacts on the intertemporal distribu-
tion since it deters authorities from undertakirdgliional public investments by reducing
their effective discount factor.

The second term in square brackets on the right-isade of (16) captures the effect of a
change in the fiscal corruption level on the traffebetween the current and future current
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spending targets. That term represents the deemaker’'s incentive to increase public in-
vestment in order to raise the amount of availab®urces in the future and to set a higher

tax rate (remembethat(d7,)/(dg,) > O)thereby making it possible to get closer to the sec

ond-period current spending target. When- 0, resorting to taxation to finance current pub-
lic expenditure becomes more costly in terms aédone output. So authorities are induced to
spend more on productive projects with the aimnafeasing the future financing capacity.
Accordingly, in contrast with the first effect aix evasion, that second effect is damaging as
regards welfare since it corresponds to an additidaterioration in the intertemporal alloca-
tion of distortions. The higher the second-periablg consumption target, the larger the
negative impact of tax evasion will be.
It follows that the net impact of tax evasion oe gquilibrium level of public investment

theoretically appears to be uncertain:

d
olo;) _?yG'pdﬁ(pdg;'gi). (19)

oy L+ o)

It is easy to make the bringing together betweenetkpression above and Eqg. (16). The
first term in the numerator on the right-hand sid€19), [(00°)/(d))]G, corresponds to the
first effect of tax evasion on the intertemporaigmnent through the variation of the effec-
tive discount factor, while the second terpf,3(0%g, -9, coxresponds to the effect associ-
ated with the trade-off between the current andreugovernment spending targets. A higher
corruption level is welfare-enhancing(@(g;)?)/(dy) > (@e. tax evasion leads to a decrease
in the effective discount factor, and thus to loweoductive expenditure), but increases the
intertemporal loss component {9(g,)")/(dy) < (Q.e. tax evasion increases public invest-

ment and damages the intertemporal distributiogigibrtions).
The partial derivative above reveals the importaofcboth the productivity parameter of

public investment expenditurg, and the second-period government spending tagjetin

the determination of the implications of fiscal mgation for intertemporal losses. With the
aim of illustration, the four figures hereafter shthe evolution of the intertemporal compo-

nent according to the fiscal capacity indgxfor two distinct values gf (0.3 and 0.6) andj,
(10 and 20), withs, =5;s, =1, p = 09andg, =2 in every case? Generally speaking, to ob-

serve a damaging effect of corruption, one muselalarge value for the government spend-
ing target in period two in comparison with thattleé first period), so much so that authori-

19 Notice that these values are arbitrary and haea kelected above all to illustrate both the pesiéind nega-
tive aspects of fiscal corruption. The estimatiohthe output elasticity with respect to public itapdiffer quite
noticeably according to empirical studies and rengacontroversial and debated issue. In partictiar results
obtained for the United States by Aschauer (1983%an his pioneering work have been criticized @mious
econometric grounds and as being implausible oawatt@f an elasticity near to 0.4, which would espond to
“pretty stratospheric estimates of the marginaldpmt of government capital” in the words of Grarl{@d994).
Many subsequent analyses following alternative eggnes have been carried out with the aim of mewgthe
contribution of public investment expenditure todsreconomic growth for different countries and @esi
Eventually, much of the literature tends to cormai® Aschauer’s views as to the crucial role playggublic
investment for explaining growth, but the estimabsgbact of public capital on output is neverthelef®n
weaker than that found by Aschauer (1989a, b). Thasording to the findings in the empirical litens, a
value of 0.6 for here may appear to be overoptimistic, whereavahge of 0.3 at first glance seems a better
approximation; these two values have been, howeetajned for bringing out the differences in trense-
guences of tax evasion more distinctly.
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ties are forced to increase public investment kheprto raise the future financing capacity
(compare Figs. 5 and 6), and/or a significant iisthe value taken by, because the higher
productivity of public capital leads them to invesbre (compare Figs. 5 and 7). When hBth
and g, are large enough, the negative effect of tax eveisi (16) and (19) becomes the big-
gest and the intertemporal loss factor is decrgasiry over most of the interval [0, 1] (see
Fig. 8). However, with such values, it is ratherettreme theoretical case (see footnote 10).
A value of 0.6 for the parametgtis, in fact, hardly credible; empirically, the jtoge output
elasticity of public investment found in many seslis not so high (see, among others, Sturm,
de Haan and Kuper, 1998; Hénin and Hurlin, 1999pgean Commission, 2003). Generally
speaking, for smaller (and probably more realist@lues off3, and/or for smaller gaps be-
tween the government spending targets, the poséffect of fiscal corruption on the in-
tertemporal allocation of distortions is much mprenounced; that is to say, the intertempo-
ral loss is increasing ipover all the interval of definition, as in Fig5.

0.2 0.4 0.8 0.8 1 0.2 0.4 0.6 0.8 1

Figure 5. Intertemporal losses 6= 0.3 andg; =10 Figure 6. Intertemporal losses 8= 0.3 andg; =20

94
93
a2

2

91

0.2 0.4 0.6 0.8 1

Figure 7. Intertemporal losses 6= 0.6 andg; =10 Figure 8. Intertemporal losses 8= 0.6 andg; =20

To sum up, tax evasion might make a country beffen the discretionary case by reduc-
ing intertemporal distortionary losses, too, in sequence of a fall in the effective discount
factor. In the extreme, if tax evasion becomes detafi.e.y= 0), the effective discount fac-
tor equates zero, so that the intertemporal compoisethe same under discretion as under
commitment (i.e. the two regimes then merge; setnfie 8).

™ Moreover, as other forms of corruption may alsduge the productivity of public investments andutem
poor-quality infrastructure (Davoodi and Tanzi, 839%the value taken bg could, in fact, turn out to be very
small, so much so that the whole effect on intepieral distortionary losses would be even stronger!
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5. Conclusion

This paper has explored how corruption in the fafmtax evasion might impact on both
the setting of macroeconomic policies and socidfase by means of a game-theoretic model
with time-inconsistency problems. It appears the tommitment technology available to
authorities could be a key factor in the fight agaicorruption. More precisely, when the
government is able to commit to policy announcemsietatx evasion always harms welfare.
Therefore, under a commitment regime, authoritresireduced to reduce fiscal corruption, as
already shown by Huang and Wei (2003) in theirstaibdel. On the other hand, in the more
realistic case with discretionary policies, an @age in the degree of tax evasion could be
welfare-improving, especially in a country where government gives a large weight to out-
put deviations but worries very little about inftat. Thus, this result may contribute to ex-
plaining, in part, why corruption remains much mprevalent in some developing counties.

The basic theoretical reason for such a resultasthe introduction of a distortion into an
already distorted world may enhance welfare inghd. Within the present framework, the
distortion associated with tax avoidance tendsffisebthe distortion originating in the inabil-
ity to commit and resulting in both excessive itila and public investment. Indeed, in the
presence of tax distortions that restrain econaaatovity, corruption may both alleviate the
inflation bias associated with a discretionary ntanepolicy and boost output thanks to a cut
in taxation, thereby lowering intratemporal lossE®reover, the lack of credibility makes
that the equilibrium level of public investment sdang turns out to be too high and involves
a suboptimal distribution of distortions acrossdint has been shown that tax evasion can
then exert another positive effect by leading arities to spend less on productive projects
and thus reduce intertemporal losses, too.
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Appendix A. Derivation of public investment and welfare losses
in the commitment regime

In the absence of lump-sum taxes, the highest reel&vel is attained when the policy-
maker is able to commit and then adopts the mopgialicy that is announced at the begin-
ning of each period, before wages are set. Forpthyconstrainiz = (77)° appliesex antefor
each period £ 1, 2.

Public investment policy is selected in period avigle taking into account its conse-
guences on the second-period welfare loss. Theiaolis found by backward induction and
solving for optimal policies given the current valof the state variable (public investment
expenditure) and given that future policies aramoglly chosen. The policymaker’s objective
function in t= 2 can be written as:

Lzzé{ﬂzz"'sx(_ T2+ﬂgll)2+Sg(7T2+yZ'2—g;)2}. (A1)

The government has to minimize the loss above veisipect torz and 1. The first-order
conditions are:

_s,(o; - 1)
> 1+s, (A.2)
__sPa+se - 7)
, = : (A.3)
S+’
Solving the system (A.2)-(A.3) fos and r» yields:
s.s, g, - B,
=5 g(gz ﬂml), (A4)
z
| .
r,= siLts, )ﬂzgl 5K (A5)

whereZ =s, +s.s, +s,)° >0, as defined in the main text.

Make use of Egs. (1) and (2) in the main text ttawbthe second-period levels of output
and current spending for a given value of publiestments:

* [
- M A6)
o |
95— 9 =-J—)S* = Zﬁml . (A7)

Substituting (A.4), (A.6) and (A.7) into (A.1) yas the second-period loss for a given
level of public investments:
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- 2
%:%%@&FM)' (A9

In period one, the decision-maker considers thewiahg optimization problem:

- 2
L+, :%{nf +817 +sg(7zi S gi)2}+ p@sg(géz ’B}gl) . (A.9)

The first-order conditions forg and 7; are, respectively, given by:

s, (0, + 9! - y7.)

= I+s, (A.10)
s, /g + 0 -7)
r,=—" . ,
% (A11)
Solving the system (A.10)-(A.11) fog and r yields:
- M (A.12)
Z )
* |
7, = M. (A.13)

Combine the two equations above with (1) and (Zheémain text to obtain the levels of
output and current spending in the first periodda@iven value of public investments:

X = -—Sgy(gz *g) , (A.14)
Z
* |
0~ = _slo+a) 912+ G, (A.15)
Therefore, the social loss in period one is a pasfunction of public investment:
< ( - |)2
L =259 "8/ (A.16)
2Z

The first-period authorities have to determine @pémal level of productivity-enhancing

public expenditure. The first-order condition fr¢&9) is (gl'lj p(ag j 0. One finds:
1

1

* |
o —g + gpﬂy(gzz Ba.) 0. (A.17)
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By making use of Eq. (A.15), this first-order cotnai can be rewritten as:

g, + 9! = pBY(g; - Brat) (A.18)

which is (4) in the main text.
It is straightforward to solve for public investmam the commitment regime from (A.18):

_ P90
(o) = , ;c 3 (A.19)

which is (5) in the main text, and whege= pBy=> 0, with the superscript “c” indicating the
commitment regime.

Substituting (A.19) for the public investment vat@ainto (A.4)-(A.7) gives the second-
period policy and economic outcomes. Combiningetkgression for public investment above
with (A.12)-(A.15) then yields the first-period abjorium values. One finds:

5,5,0°G

= A.20
(1+p°ﬂy) (A:20)

v S,P° G

ﬂ“p—ﬁy) (A.21)
(0°)f -9 ﬂ%) (A.22)

ssG

S, )G

(o5f g5 =- SXGC : (A.25)
2t o)

whereG = Byg, + 9, > 0,as defined in the main text.

The total loss for the two periods of the game fiaally be computed from (3) in the
main text:

VC = SXSQ X sz
27 1+ pB*y*

(A.26)

where the first term on the right-hand side isititeatemporal loss component and the second
term is the intertemporal loss component.
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Appendix B. Derivation of public investment and welfare losses
in the discretionary regime

It is now assumed that authorities cannot comntt take as given inflation expectations
in each period (that is, the policymaker and thegbe sector play a Nash game). The method
of solving the game is the same as before, exbapthe constraintz = (77)° appliesex post
The objective function in period two can be writees

Lz=%{ﬂ§+sx(ﬂz-ﬂ§-r2+ﬂgl')2+sg(ﬂz+yr2-92)2}- (B.1)

The government minimizes the loss above with rdasfwegs and 7. Taking into account
that rational expectations implg = (75)° ex postthe first-order conditions are:

8,05 -0, +(s, - s, 1)

m, = :
2 1+s, (8.2)
. s,Ag; — 7 )+ 5,801 (B.3)
’ SX +Sgy2 . .
Solving the system (B.2)-(B.3) fag and 1, yields:
* [
n,z — stg (1+ y)(gZ ﬂ}gl)’ (B4)
D
* |
T2 — Sg}gz + SX(1+ Sg (1+ y))ﬁgl , (BS)

D

whereD =5, +55, (1+ y) + sgy2 >0, as defined in the main text.

Make use of Egs. (1) and (2) in the main text ttawbthe second-period levels of output
and current spending for a given value of publiestments:

- sgy(géD- pi) 5.6)

o -, :_Sx(g; [‘)/31'91'). (B.7)

The substitution of (B.4), (B.6) and (B.7) into {B.yields the second-period loss for a
given level of public investments:

* 2
L2 — SngN(gz _Zﬂ}gll) (88)
2D
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whereN =s +s;s, 1+ y) + s,V° >0, as defined in the main text.
In period one, the decision-maker considers theviahg objective function:

2

h+ﬂﬂ=%bﬁ+%0yﬂf-n)+%@ﬁwn-$-df}

. (B.9)
. 8,N(g; - Bl |
2D? '
Given that7g = (77)° ex postthe first-order conditions fom andr; are:
s;\0: + 9, )+ s —s )
]7:1: g(gl gl) (SX gy) l, (BlO)
1+s,
s /0, +0, - 7%,
Tl — gy(gl gl 1)' (Bll)
S +s,)°
Solving the system (B.10)-(B.11) feg and ry yields:
* |
ni - stg (1+ y)(gl + gl)’ (812)
D
s, /\0;, + 9,
7, :M_ (B.13)

Combine the two equations above with (1) and (2)hm main text to obtain the first-
period equilibrium values for output and currenersgiing for a given level of public invest-
ments:

__sAg +g)) 814
X 5 : (B.14)
. "+
gf-m=—5£%;%) (B.15)

Accordingly, the first-period loss is a positiventiion of public investment:

* 2
H:%%N@HGD. (B.16)
2D?
As in the previous case, the optimal productivendpey level is selected in=t 1. From
(B.9).the first-order condition |E6—L}J + p(a—l‘fj =0. Hence:
09, 09,
o + 9. = PBND™(g; - Brer) (8.17)
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which is (9) in the main text.
Let us notep® = pﬁ[’)yi\l where the superscript “d” stands for discretione Tével of pro-

ductive expenditure in the discretionary equilibmits deduced from Eq. (B.17):

_p gz 9,
(91) 1+ 0°By (B.18)

which is (10) in the main text.

Substituting (B.18) into (B.4)-(B.7) gives the sedeperiod policy and economic out-
comes. Combining the expression for public investnadove with (B.12)-(B.15) then yields
the first-period equilibrium values. After some elbga one finds:

_58,L+y)p°G

B.19
D(L+0°By) (B19)

= s,0°)G

W (B.20)
Fgegpo -
, (B.22)

X5 = _W, (823)
(05 -9: = —aﬁf—dm- (B.24)

Substituting the results (B.19)-(B.24) into (3)tire main text gives the social loss for the
two periods of the game:

d:SXSgN><(p+('0d)2k-:'2 (B 25)
2D? (1+ pdﬁy)2
where the first term on the right-hand side isittieatemporal welfare loss component, while
the second term is the intertemporal loss fac®hedore.

The comparison of (B.25) with (A.26) shows that bottratemporal and intertemporal
distortionary losses are higher under discreti@m tinder commitment as long jas 0.
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