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1 Introduction

In very broad terms, politicd busness cycle (PBC) andyss concerns short-run
government behaviour within eection dates. It is believed that authorities run economic policy in
typical intertemporal paterns esch office term.! Theoreticd approaches have searched for
judtifications of such patterns while empirica inquiries have tested their rdiability with actud
data

The andyss in this paper pivots around the foundations of opportunisic PBC moddling.
It combines a new explanation with an empiricd tet a the locd government levd. In the
political economy literature a large, it is commonly argued that incumbents seek re-eection and
challengers drive to reach office. For ingance, Kraan (1996, p. 62) has written: “According to
the dominant view in the public choice literature, the objective function of paliticians is the
maximisation of eectord votes (...).” A dmilar remark is made by McNutt (1996, p. 9). This

" The authors thank Vasco Santos and Friedrich Schneider for insightful remarks, as well as the helpful reactions by
Pedro P. Barros, Carlo Devillanova, Frédéric Gannon, Andreas Irmen, Rogério P. Leal, Jacques-Francois Thisse,
and Robert Waldmann. Comments from seminar participants at the Swiss Federal Institute of Technology (Zurich),
Universidade Nova de Lisboa (Lisbon), and the University of Warwick (Coventry) are aso gratefully
acknowledged. Remaining shortcomings are our own.

L A different, historically oriented strand of literature has focused on the long-run interaction cycles between
economic performance and political systems, seeking ties with the well-known economic history concepts of
Kuznets and Kondratieff fluctuations A flavour of this avenue can be found in Soldatos (1994).
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belief has indeed soread to the PBC literature. Earlier semind opportunisic modds were
recently reprinted in Frey (1997) under the suggestive heading of “vote maximisng modds’.?
Modern examples of PBC modds where incumbents am a maximisng ther re-election chances
are Nordhaus (1989), Shachar (1993) and Reed (1994). Our paper disputes this view because we
believeit lacks redism and follows from a spurious mode ling option.

The motivation to dispute the dominant opportunistic view springs from the fact that
politicd activity is fraught with risk. Electordly gppointed jobs are scarce when compared to the
number of potentid candidates. Under democratic rules, adminidtration postions are subject to
turnover rates much higher than esawhere in the economy. Incumbents who fal to be re-elected
in generd have no certan employment prospects in other public sector offices. These women
and men mug find an dterndive job in case they fal re-dection. It therefore seems quite
reasonable to expect rationd incumbents to bear in mind outsde income (that is, income earned
outsgde the public sector) when making ther fiscd policy decidons. This behaviour looks even
more plausble a the locd rather than the centrd government tier snce the uncertainty on future
politicd appointments is greater for loca than for higher-rank politicians® The maximisation of
re-dection chances done sounds a rather spurious moddling option because the incumbent’'s
expected utility upon uncertain events is impared once one of the feasble dternatives, dectord
defedt, isignored beforehand.

Our paper hopes, therefore, to work out the implications of a Smultaneous condderation
of the two feasble dectord outcomes. to be or not to be in office in the following term. Though
proceeding from an opportunigic view too, we are able to suggest a different explanation for a
fiscd policy cycde the incumbent’s concern with her own wefare in case of no re-dection. The
andyss extends the framework of Baeiras (1997). An equilibrium perfect-foresight modd is
designed which totaly dispenses with any form of irrationdity (namely, on the part of voters) or
the common objective functions (re-éection chances). Being wel grounded in basic
microeconomic  theory (own-wdfare maximisstion by the individua agent), our andyss
provides another foundation for the emergence of PBCs.

2 See Drazen (2000) for afresh survey of the PBC literature.

% The difficulty local incumbents face in finding a future political appointment in case of no re-election has been
documented for the case of Portugal. Mozzicafreddo et al. (1991, p. 45) found that “(...) very curiously, the political
career of mayors Presidentes de Camara) initiates and ends at the local level, barely holding positions in the
cabinet, the central administration or in the national bodies of politica parties. The only link, with some
significance, between central and local tiersis the seating at the national parliament before nmunicipal activity—this
has been the case of 27.3 per cent of surveyed mayors.” These conclusions follow from a survey analysis involving
55 mayors in 1986 and a case-study approach focusing on five municipalities from 1976 to 1987. Moreover, central-
government politicians enjoy a lifetime compensation upon exit of (at least an eight-year long) political activity on
top of any retirement allowance they may be entitled to (the minimum eligible period has changed to twelve years
from 1996 onwards); local-government politicians are not entitled to such compensation.
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The outlined modd is then applied to a pand data sample of Portuguese loca
governments. This agpplication serves a twofold purpose. Fird, it provides a test on the empirica
plausibility of theoretical predictions. The methodology is quite generad and can essly be
adapted to other nationa contexts. Second, it creates the opportunity to try to improve the
understanding of the Portuguese loca finance system. Pand data offer severd advantages vis-a-
vis time-series and cross-section observations done and have atracted an increasing number of
economic gpplications in recent years. In paticular, many empiricaly oriented PBC papers have
reorted to these samples. Examples a the centrd government tier are Roubini and Sachs
(1989a,b), Alesina and Roubini (1992), Alesna et al. (1993) and Schuknecht (1999, 2000) while
a sub-nationd tie's we can cite Blas and Nadeau (1992). In dl these cases, individud
idiosyncrases are moddled as deterministic effects from the outsst and ae not open to
discusson. Contrary to this trend, we believe there are reasons in our datistica population to
proceed otherwise, that is, to expect randomness on inter-municipd dSructurd  differences
therefore, we opt for a stochastic specification of individud effects A formd test supports in
our case, the superiority of the latter versus the former approach.

The paper is organised as follows. Section 2 sets the theoreticd moddl. Mgor features of
the empirical agpplication, such as sample nature, vaiable definitions and econometric
framework, are explained in Section 3. The main empiricd results follow in Section 4. Section 5
concludes.

2 Electoral Defeats: the Rationale for a PBC

This section presents the modd under which the PBC is driven by the incumbent's
concern with her own welfare in case of eectora defeat or, more generaly, no re-election. We
fird describe the assumptions underlying the fiscal policy problem faced by the incumbent
politician. Then, we present three theoreticd outcomes, one by one intertempora consstency of
the policy-maker's problem, PBC on locd public expenditure and a comparative dSatic
experiment over the PBC width.

2.1  Assumptions

Consider two time periods, with an election taking place in-between* The modd
addresses inditutiond  set-ups where the government does not have the option of caling for an
early contest. Theloca government’sintertempora budget condraint is

9.tg =t , 1)

* This two-period time segmentation is usual in related literature. See, for instance, Lohmann (1998), Dur et al.
(1998), Tabellini and Alesina (1990), Persson and Tabellini (1990) and Alesina and Rosenthal (1988).
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where g, stands for expenditure in period i (i =1,2) and t is totd revenue. For smplicity, there
is no intertemporal discount rate® In many countries, locd governments have a substantialy
greater discretion over expenditure than over revenue. Moreover, most revenue parameters tend
to be determined outside the locd tier® Hence, we take t as exogenous, in the sequd, we
normalise it to unity without loss of generdlity.

An dected politician (the incumbent) runs the government and each office term ladts two
time periods. The incumbent decides expenditure levels a the beginning of each period. She
derives persond satisfaction from her political activity during esch period, v(g), and this
function is twice continuoudy-differentisble with v(>0,va<0 for i =1,2. The judificatiion for
a utility term associated to holding office can be traced back to the ego-rent labe introduced by
Rogoff (1990). Explanations for preferring large budgets to smdl ones, other things being equd,
ae common in the public choice literature—recdl, for ingance, the leviathan description of
government as made by Brennan and Buchanan (1980, Chs. 2 and 7) or Findlay and Wilson
(1984).”

The politician enjoys vngg only if re-elected, which is an uncertain event. We believe
the incumbent does care as well about the prospects of losng her office in the following contest.
Hence, this mode innovates by looking aso a the welfare associated to this latter event. As
mentioned above, there is an opportunity cost to holding a public office. Insead of being
incumbent, the politician may be active elsewhere in the economy, ether in the private sector or
in a nontlocd public sector, and earn income y per period. Let x(y) denote the twice
continuoudy-differentigble  utility derived from the outdde income, with x(>0. At the
beginning of period 1, the incumbent faces the intertempord utility function

u=vg]+pvlg]+@- p)x(y) . @

® A positive discount rate was essential to allow for a PBC in many backward-looking models popular in the 1970s.
As we are dealing with forward-looking expectations, we can set it aside and still explain a cycle. Of course, a
positive discount rate could be introduced in our model without changing results qualitatively. Thus, we opted for its
exclusion to stresswhat is essential.

® Local governments naturally have a weaker access to own resources than central governments. This is due to tax
base mobility, scale economies in tax administration, compliance costs, and (notably h the case of smaller
jurisdictions) lack of administrative capacity. Hence, most revenue is made of grants and taxes whose decisive
parameters are set by upper-level governments. For actual illustrations, see Fisher (1996, Chs. 1 and 11) on the US
case and Baleiras (1998) and Costa (1996) on the Portuguese case.

" Moreover, politicians' preferences over public outlays underpin the money-metric utility concept of total
evaluation function recently introduced by Kraan (1996, Ch. 3) to model the demand for public goods by political
authorities.
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where p indicates the re-eection probability. This probability is endogenoudy determined by the
electorate’s ex ante assessment of the incumbent's future performance while in office, which we
denote by s. So,

p=p+g(9 (©)

where p represents an exogenous probability component and g(®) is twice continuoudy-
differentiable, with g¢>0. We further assume p(s)<1, i.e, the incumbent never runs
unopposed, and p(s)3 0, where the equdity dlows for the posshility of no re-candidecy;
therefore, -g(s) £p <1- g(s). Themoddling of p thusreflects ademocratic political system.

The outsde income y is endogenous. The incumbent’s fiscal policy decisons are a sgnd
of her competence for prospective employers. The income they are ready to offer her naturdly
rests on the evauation they make about her political activity performance, s, which is thus shared
by the electorate at large and prospective employersin particular.® So

y=y(@© . (4)
which is assumed to be twice continuoudy-differentiable, with y¢>0.

Findly, we must define the way voters and prospective employers assess governmenta
choices. Taking g as expenditure on public goods, they ae naturdly pleased whenever ther
provison isincreased and displeased when called to pay for it. Therefore,

s=wg,]+wlg,, (5)

where w() is twice continuoudy-differentidble, with w(>0,w« <0. Government revenue t is
omitted from (5) because it is exogenous. This evaudion function is forward-looking since
people a time zero judge the current incumbent according to what they expect her to do in the
future. Why would a rationd individud ever assgn any weght in his voting decison to what a
government has done in the past when what matters to him is what the government will do in the
future® Note that prospective employers take into account the incumbent’s choice of g, in thar
assessment, a choice the politician will have to make in the pod-dection period only if re
elected, even though outsde employment takes place in the opposte date of the nature (non-re-
election). We are thus assuming rational players and perfect foresght. This, in turn, implies that
voters interests do influence the incumbent’s choices snce the later incorporates the

8 We may take the latter as arandom sample of the former, areasonable and mild assumption.
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electorate’'s evauation in her decison problem—directly through p(s) and indirectly through
y(9).2° There are empiricd tests asserting the wisdom of this procedure—see Levernier (1992)
for an gpplication to US state government eections.

An appropriate incentive-compatibility condraint is required to make the incumbent
politician interested in are-election run. Condition

fo ngzg- x(y)>0 (6)

plays this role. It says the utility from being re-elected, v(%), exceeds the satisfaction derived
from the dternaive occupation, x(*). This expresson thus dtates the expected incentive for the
incumbent to seek re-éection; it can be understood as a necessary (though not sufficient)
condition for a re-dection run. It would be unredidic to suppose the sgn of f otherwise as the

vas mgority of incumbents seek re-dection if permitted to do s0. Technicdly, a negative f
would dter the players incentives implict in our modd, thus rendering its solution

meaningless—see Proposition 2 below. It dso seems naturd to assume I f /19, £0; in words,
the lower the pre-dectord public expenditure the higher is the pod-dectord (feashble)
expenditure and the more willing to accept a second term in office will the current incumbent be.
Thus, by taking the intetempora budget condraint (1) into account when differentiating
condition (6), we derive the assumption

vi- glg+xdy¢wd991g- wi- gz 0 . (7)

To conclude, two further technicad assumptions are required if one wants the optimd
solution to be meaningful. Badcdly, we require the incumbent's utility function u() to be

drictly quasi-concavein g, and g,,** and will exclude norvinterior solutionsin the sequel.

Footnotes, continued from previous page

® Naturally, this attitude does not exclude data on the government’s past behaviour from the voter's relevant
information set. Further justification for this line of reasoning can be found in Keech (1995, pp. 141-143) and
Alesinaand Rosenthal (1995, p. 3).

19°A curious interpretation of voters' rational behaviour is summed-up in three characteristics by Suzuki (1994, pp.
241-242), regarding the design of macroeconomic political business cycle models: “(the) electorate possesses a
well-defined utility function in accordance with the structure of the macroeconomic system in which they operate;
voters have good ideas about the strategic environment of the system and are aware of the possibility that the
incumbent government will pursue its own political goals at the expense of public economic well-being;
under standing that the way they evaluate the government profoundly influences the formation of macroeconomic
policy, voters rely on a sophisticated heuristic for their electoral judgementsin an attempt to hold the government
accountable for economic performance.”

M Quasi-concavity defined for u(?) with p, y and s replaced by their definitions so as to have the politician’s
objective function defined only over the fiscal instruments she controls.



2.2  The optimal fiscal policy problem

Under the hypotheses presented in Subsection 2.1, how is locd fiscd policy designed?
The incumbent's choice of g, is trivid. She maximises her own wdfare v(>) by exhauding the

budget revenue (t =1), net of the previous period expenditure g,, since v(>0. Thus,
9, = 1- G

The sdection of g, is not trivid. The politician maximises her intertempord utility (2)
subject to the condraints resulting from the definitions of re-eection probability (3), outsde
income (4), voters and prospective employers assessment of her performance (5), as wdl as
from her own (trivid) srategy for choosing g,. Formdly, the fiscal problem faced in the pre-
electord period is

max g, +pvlg, ]+ (1- p)x(y)

p=p(s)
12
ot §V° y(s) ’
s=w(g,) +W(9,)
9,=1-¢,
which smplifiesto

max vbglg+p[\l\lbglg+\’\'01' %g]\'nl- o+

(8)
- p[wlg,+wl1- g Sy wha+wh- oIS
In the pre-electoral period, the incumbent picks g, teking into account how her decison
shapes her subsequent policy option, if re-eected. This is clear if we note that the solution to
problem (8) is recursvely derived and thus condiitutes a sub-game perfect Nash equilibrium of
the game. We date this first result as Proposition 1.

Proposition 1—optimum and Nash equilibrium: the optimal solution to the local incumbent’s
problem before elections is a pure strategy sub-game perfect Nash equilibrium of a game played
by successive policy-makers.

Proof: see Appendix. 0

12 The re-election probability is still ruled by function (3). The parameter p is omitted here just to economise on
notation. It will play arelevant rolein Proposition 3 below.
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Proposition 1 assures us that the backward induction procedure used to solve the dynamic
fiscd policy game generates a time-condstent expenditure profile no matter who wins the
upcoming eections. In case of the incumbent’s defeat or no candidacy to a new term, the choice
rule of the subsequent administration regarding g, is aso to exhaust the budgeted revenue,

exactly the same strategy for setting g, asthe current incumbent’ s

The problem above can dso be looked upon as a stage of a multi-stage game where one
of the players is a compodte of successve adminidrations, the other two being voters and
prospective employers. However, dationarity of the stage game, resulting from the assumptions
on the budget as wel as on voters and employers horizons (two consecutive periods with
eections in-between), smplifies the andyds condderably by diminating the need to sudy the
overdl game. Note dso that the incumbent has a pre-commitment mechanism snce her pre-
electora choice renders her post-eectora policy option credibly known to both voters and

prospective employers.

2.3  The political expenditure cycle
In this subsection, we want to show how a specific intertempord expenditure asymmetry
is generated in an inditutiond environment as described aove. To do that, we mus firg

characterise the optima solution to problem (8). This characterisation is conveyed by the first-
order condition*

v(bglg- p(s)v(bl- glg :V\,{Wtﬂglg- W‘ﬂl- glg] 9
with
wo Iy(9)]- - 6Jfgqs)- [1- p(9]xAy)yks) <0

The dgn of W springs from the incentive condition (6) and the derivative signs assumed
over the primitive functions. The following propostion dates the politicd business cycle in our
modd.

Proposition 2—the political expenditure cycle: the incumbent’s optimising behaviour captured
by the first-order condition (9) implies a politico-budgetary cycle such that pre-electoral

expenditure exceeds post-electoral expenditure Ugl > 0.5g .

13 Though in a different policy context, Tabellini and Alesina (1990, p. 40) have pointed out that the time-consistent
solutions to dynamic optimisation problems similar to ours is indeed the non-co-operative equilibrium of a game
played by consecutive decision-makers.

14 | ts necessity to describe optimal behaviour is established by the proof to Proposition 2, below.
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Proof: see Appendix. 0

So, the incumbent engenders a cycle a the optimum, g,>g,. Why? By taking into
congderation the chance of losing the upcoming contest and thus earning the outsde income, the
incumbent is led to discount future utility from being in office according to her re-eection
prospects, whereas her pre-electora utility is not discounted. Hence, pre-electord outlays bear
full margind utility, whereas, in contrast, pod-electord expenses convey only a probabiligticaly
discounted margind utility. As a consequence, she is led to st pre-electora expenditure above
post-electora  expenditure. Summing-up, the concern with her own post-electora welfare, by
leading to a probabilitic assessment of post-election outcomes, generates a cycle.

One could note that a pure re-election seeker would induce no cycle a dl in this modd,
which contragts sharply with the conventiond wisdom in the opportunigic PBC literature—see
Bderas (1997) for detals The cycle is cdealy ascribed to the contingent nature of the
incumbent’ s post-election utility that results from her concern with the electoral outcome.*®

2.4  Re-election probability and the cycle width

In typicad opportunistic political business cycle models, we would anticipate an inverse
relaionship between the probability of eectora success and the expenditure cycdle width. When
that probability drops unexpectedly, the re-eection-seeker reacts by spending more before
dectionsin order to recover popularity, thus widening the cycle!®

In our model, the incumbent is not a pure re-eection runner and yet the above
relaionship gill holds. The present subsection ams precisdy a showing this (apparently) odd
outcome. To consider this issue, we have to look for the tota derivative of g, with respect to the

exogenous probability component p. As will be shown below, a clear concluson is achieved.
We date it as Proposition 3.

Proposition 3—re-election probability and the political expenditure cycle: the political
expenditure cycle does not narrow with declining exogenous re-election probability

(dg,/dp £0).

Proof: see Appendix. 0

15 Baleiras and Santos (2000, 2001) extend this model in a number of ways. In particular, they allow voters and the
business community to have independent preferences. Interestingly, even when both groups exhibit an exogenous

bias towards “reverse” cycles (i.e., fiscal policies where g, <05), the later paper shows that a cycle such as
Proposition 2 predictsis statistically more likely.

16 As Frey and Schneider (1978) put it: “When (governments) are afraid of losing the election, they make an effort
to influence the economy in order to increase their popularity and hence their chances of re-election.”
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With exogenoudy given revenue, an increase in pre-electoral expenditure decreases post-
electord expenditure and thus widens the cycle. Propodtion 3 tells us that an exogenous
probahility fal does not shrink the dectora expenditure deviation.

This outcome woud be the naturd response of a re-eection seeker, pure opportunistic
politician. However, our model does not comprehend such a player. Intuitively, note that a fdl in
the exogenous probability of success decreases the weight assigned by the incumbent to post-
eectorad public expenditure. In fact, recal the objective function (2). Both g, and g, enter the
outsde income definition with the same weight. However, a gven levd of g, pays off a higher
ego-rent than an equa levd of g, because v(g,) is discounted by the success probability.
Hence, a lower probability renders the pre-electord utility even more important than the post-
electord one. Therefore, the rationa incumbent reacts to the probability shock by widening (or,
a least, by not narrowing) the expenditure cycle. The discussion of the following example may
provide additiona motivation for this outcome.

Congdder two dternative incumbents, one seeking re-election and the other not. Clearly,
the re-dection probahility is postive in the former case!’ and nil in the latter. With the specific
probability function we are udng, it seems natura to differentiste between the two dternative
cases according to the vaue of the exogenous component p . Hence, an incumbent not seeking
re-election hasalower P than an incumbent standing for the next dections.*®

Recdl that Propostion 2 applies to both cases, that is, a politicd expenditure cycle is
predicted whether or not the current incumbent runs for re-election. By definition, someone not
ganding for re-dection has no incentive to manage policy instruments for dectord purposes and
0 the expenditure cycle to which she contributes is soldy motivated by ego-rents on her last
office period, which happens to be a pre-electord period. The re-eection seeker, though facing
an uncertain contest score, attaches some utility to the victory outcome and so decides to spend
public resources more evenly across time. Therefore, a larger public goods provison before
dections is naturdly expected from the depating incumbent. Furthermore, the quitting
incumbent may also want to deliberately damage her successor's expenditure scope, especidly if
the mogt likedy winner belongs to a different party. These motives dl contribute to exhilarating
the expenditure cycle when the current incumbent does not aim for re-eection.

17 We naturally discard the possibility of an absolute incompetent politician for whom the chances of being re-
elected are simply non-existent.

18 More precisely, the no re-candidacy case implies p =-g(s) in equation (3), exactly the lower bound for
parameter p . There-candidacy caseimpliesp > -g(s) .
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3 Application to Portuguese Municipalities

As an agpplication of the previous theoreticd work, we now wish to investigate whether
the proposed sructurd model helps to understand the actua behaviour of locad governments in
Portugd. Propostions 2 and 3 contain empirical implications that make up the basc ingredients
to tes. The former implies that pre-eection locd government expenditure exceeds post-dection
loca government expenditure. The latter entalls a cycle to a departing incumbent thet is a lesst
as large as the one induced by a re-eection seeker palitician. Note that this second implication
discriminates on empiricd grounds our rationde from a conventiond opportunisic mode
because, in such a modd, the incumbent canot am a anything other than winning the
forthcoming eectord contest. Through this gpplication, we adso hope to enlighten other
potentidly interesting facts concerning the politica economy of Portuguese loca public finance.
We fird introduce some inditutiond information that is rdevant for empiricd moddling;
secondly, we describe the data set; thirdly, we explain the econometric framework designed to
serve the above purposes.

3.1 Aninstitutional digest of investment-decision making in Portugal

For reasons to be explained in the next subsection, investment outlays are the expenditure
category that will matter to us the mogt in this gpplication. A few inditutiond facts regarding
loca invesment setting seem useful to gpprase the empiricd moddling options described
below. The locd government unit we will address here is the municipdity. In mainland Portugd,
the public sector comprises the centrd government and 278 municipdities—there are no
intermediate-level governments. Each year, the municipality’s executive branch proposes to the
legidative branch the locd budget and the activities plan. The legidative branch votes on both
documents but cannot impose any amendment to them. Investment expenditures can only be
authorised whenever they are budgeted and framed in the activities plan.

A wide public invetment gpectrum is legdly foreseen for loca governments
intervertion. Municipdities hold exclusve competencies to promote investment on particular
items in the following aeas urban and rurd fadlities, sewerage, energy, transports and
communications, education, culture-leisure-sports and hedth. Through case-by-case partnership
contrects with the centrd government, the municipdity may dso invest in other areas adong
regulated sharing procedures.

The charman/woman of the executive branch (presidente) plays a prominent role in bcd
politics. Moreover, she is legdly assgned protagonist functions as far as investment actions are
concerned. Among her exclusive capacities, she is entitled to the right to persondly authorise the
payment of budgeted outlays and the execution of public works framed in the activities plan. In
other words, she hold aone the power to decide on the timing of loca invesment actions and on
the choice of capita goods suppliers.
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The sengtivity of dtizens daly life to municipd invesment assgnments and the

protagonism legdly vested in the executive branch leader we have just seen suggest that she has

the means required to implement the political budget cycle moddled in Section 2. It is now up to
the rest of this paper to demonstrate that she aso behaves according to the moddled will.

3.2 The sample

We have condructed an annud pand data sample of thirty Portuguese (mainland)
municipalities comprisng five full eectord terms, from 1977 to 1993. For our purposes, the
dependent varidble should be an expenditure item having locd accountability and politica
vighility. In other words, the endogenous variable ought to be an expenditure category subject to
discretionary change by the loca authority and whose manipulation from one period to another
is not condrained by serious rigidities, additiondly, peopl€'s awareness about these outlays is
crucid if one expects governments to use them to enhance ther idiosyncratic gods For
example, wage payments to loca civil servants are not a good candidate for dependent varisble
in most countries both because public employment flexibility is not symmetric (entries tend to be
esser than exits) and labour contracts do not provide the kind of inter-year wage flexibility
deemed necessary to dlow for politicd busness cycdes. The politicd vighility of wage outlays
can be dgnificant in smdl jurisdictions where the locd authority accounts for a lage
employment share but this is not the dominant pattern in most countries.

In our application, the dependent variable (denoted by y) is totd red per capita
invesment expenditure: if any political influence of the kind discussed in Section 2 exidts,
invesment is the expenditure item over which that influence is likdy to extend with grester
sgnificance.

The empirica test of Propodgtions 2 and 3 requires the use of quditaive explanatory
vaiables. Given the two-period nature of the incumbent’s modd discussed in Section 2, it seems
natura to define the two following dummy regressors.

= 1 if local elections are held at the end of the current period
>~ Yo otherwise

the current period is pre- electora

1 if the current incumbent seeks re- e ection and 1
X, = )
: 0 otherwise

19 vaiable X, has unit value if the regression equation contains an intercept term. More will be said about the
intercept presence later on when presenting the estimation method.
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According to our economic modd, eections are run in (a the end of) the second period

of each office teem. Congder a fit involving x, only. Our prior, based on Propostion 2, is to
find a postive esimate of b,.?° The electord schedule introduces an expansionary deviation on
investment outlays at pre-electord periods. If x, and x, enter the same fit, Proposition 2 calls
for podtive estimates of b, and b,+b, because a PBC is expected without regard to the

outcome of the re-candidacy decison. However, this decison is expected to make a difference
on the g/cle width; in fact, Proposition 3 implies b, £ 0, thus ascribing a narrower cycle to a re-
election seeker.

Due to a legidative change, the firgt three sample terms (1977 to 1985) are three years
long and the last two (1986 to 1993) are four years long. The pre-dectord period of these latter
terms was defined as the dection’'s year and the year before; the pre-electora period of the
former was defined as the eection’s year only.

We have defined an additiond political regressor to take into account the degree of
politicd coheson within the loca government. Although the theoreticd modd of Section 2 does
not require this variable, we believe it plays an interesting role in actud policy-making; hence,
we decided to include it in the current gpplication.? In Portugd, as in many other countries, the
budgetary function is shared between both branches of government but naturdly, the
intertempord profile of fisca policy is a prerogetive of the branch empowered with the initiative
competence?®> Thus, municipd paliaments are not so bothered with intra-tenure investment
management as are executive branches and thelr leaders. They do, however, bdieve in the
politicd vaue of invesment outlays. Hence, the members of a locd parliament beonging to the
president's paty natudly tend to favour expansonary plans while their opponents wish to
redran invetment inititives To make it dearer: ceteris paribus, we expect municipa
investment in any year to be higher if the presdent’s party enjoys an absolute seet mgority at the
legidative branch than when that is not the case. We can test for this hypothesis by defining a
new palitica dummy variable,

at the legidative branc

1 if theincumbent's party holds more than 50% of total seats
X, =
0 otherwise

2% Hereinafter, we will denote the parameter associated to the independent variable x, as b, .

21 Actually, the fits do improve with the presence of this variable.

22 This prerogative is indeed legally binding in Portugal. According to the Local Authorities Act, the municipal
parliament cannot introduce a single amendment to the budget or the activities plan proposed by the executive
branch; it can only approve or reject the executive’ s proposal (no. 4 of article 39).
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Our expectation is therefore to find a podtive estimate of b,. We could dternatively
conceive a continuous measurement of political cohesion, defined by the exact seat percentage.
However, this seems a rather wesker way of cgpturing econometricadly the likey influence of
political coheson. A score under 50 per cent would probably cal for a compromise solution with
other parties a the parliament, thus diluting the expangonary mativation of the ruling party.

There is one last explanatory varidble we need to define An economic varigble is
required to control the regressons. As the financid environment facing local governments is not
dabilised dong the sample period, we mug diginguish between expenditure changes genuindy
induced by locd political consderations and expenditure changes smply due to varying funding.
Therefore, we should add a funding indicator to the empiricd mode in an attempt to control for
political effects. Recalved capitd trandfers are a naturd candidate, given ther reative size—
these grants represent over 60 per cent of capital accumulation during the sample period. We
label this new varidble as x,. It is obvioudy defined in red per capita units just like the

dependent variable. Naturally, we expect a positive estimate for b .

In principle, we could instead use lagged values of the dependent variable to control the
regressons. In fact, this dternative gpproach has been endorsed in severd papers, such as Blais
and Nadeau (1992) and Alesna and Roubini (1992)—who have both used the firg three lags.
However, these authors have al benefited from much longer (time) samples®® In our case,
lagging the dependent variable would reduce the time dimension too severdly, as we have only
seventeen periods and five full government terms.

To conclude, we add a word on the technicd measurement of the economic variables. As
there is no theoreticd recommendation, our empiricd implementation will measure red per
capita invessment and red per capita tranders both in naurd units and in logarithmic terms.
However, for the sake of space, we report only the logarithmic case in Section 4 below, as itsfits
are better.

3.3 The econometric framework

As is evident from the sample nature discussed above, each variable observation contains
both an individud and a time dimenson. With N individuds ad T time periods, the empirica
model becomes

K
Ve=a b+,  i=1..N:t=1..T , (10)

k=1

2 For example, Blais and Nadeau considered annual data from 1951 to 1984 (34 periods) and Alesina and Roubini
managed quarterly datafrom 1960 to 1987 (112 periods).
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where k accounts for the number of regressors and v, is the usud stochestic resdud. Sample
municipaities are likely very different from one another. Population Sze is not the same across
them, their geographic location varies, they are ruled by digtinct political parties, the persond
motivation of incumbent leeders is inherently idiosyncratic, incumbents competence is undike
and dl this diverdty leads locd governments to differ in the way they adjust investment
expenditure to common gimuli. Clearly, the assumption of equa regresson coefficients implict
in (10) does not seem redigtic. But the problem of finding a better specification is that we do not
know for sure what it exactly is. Moreover, the wish to add redism must be traded off againg the
degrees of freedom loss when we think about estimation procedures.

In our quest for a pasmonious specification dlowing for individud heterogenety, we
decided to reflect inter-municipd differences soldy in intercept teems. To be more precise, all
dope coefficients are assumed to be equa across individuds and the parameter associated to
k =1 isexpressed as

b, =b,+m "It

where b, is congant and n; is the individud-specific component. Although unknown, one must
aso assume from the outset whether these individua components are fixed or random.

The choice between fixed and random effect pecifications has been thoroughly andysed
in the econometrics literature. Following severd criteria suggested by Bdedtra (1992), Hsao
(1986, Chs. 3 and 6; 1992) and Greene (1993, Sc. 16.4), we opt for the stochastic verson of
individud parameters. Firs, municipd heterogeneity lies upon a number of non-observable
random causes, such as access to capital transfers®* incumbent's re-candidacy decisior? or re-
eection probahility.?® Secondly, given that T is rdatively smdl (when compared to N) in our
sample, parameter esimates in fixed-effect modds are less rdiadle than in random-effect modds
because the ratio of esimable coefficients to avallable observations is larger. Thirdly, the sample
is open in the sense that the N collected municipdities are only a subset of the whole gatidticd

24 Access to national transfers relies very much on the central government's discretion and very little on the local
governments behaviour. The same applies to European capital grants, whose eligibility is contingent upon
administrative contests empowered by the central government and European agencies. Ex ante, these variables are
unknown to the individual municipality, whose bargaining power is typically too small to exert any noticeable
influence upon their realisation. Only a collective lobbying organisation encompassing a large enough number of
local governments may have such power. The reader interested in a political economy approach to municipal
lobbying for transfers may wish to consult Pereira (1996).

25 The re-candidacy decision, whose foundations lie beyond this essay’ s scope, depends on the incumbent’ s personal
trade-off between the local public and non-local public job offers and we can think of politicians as being sorted out
from a random distribution of these trade-offs. The concerned reader can refer to Reed (1994) for a cost-benefit
analysis of re-election runs.

26 We have not explored in Section 2 the randomness of the re-election probability but we do not ignore its role in
thereal world. See Tabellini and Alesina (1990) for an example of random probability modelling.



16

population of Portuguese locd governments. Therefore, individud differences are not a man
research concern—the focus is cdealy on dope paamees. Individud asymmetry andyss
would become a naurd priority if the sample were dosed in the sense of covering dl individuds
of the dtatisticd population; in this case then a fixed-effects model would be most welcome?’
Findly, we would like to use regression results to draw conclusons bearing some dgnificance b
Portuguese locd public finance in generd and not only gpplicable to sampled municipdities. In
other words, we prefer to make datistical inference with respect to population features rather
than inference conditional on the effects present in the sample. According to Haao (1986, Chs. 3
and 6) in particular, a random-effects modd is the most suiteble specification when this kind of
inference is wished.”®

Having decided to use a dochadtic specification of individua effects on intercepts, the
gopropriate  econometric  specification is the so-caled error-components modd. It will be
estimated according to the feasible generalised least-squares method. Technica details on both
the modd and the estimator can be found, for example, in Greene (1993, Ch. 16), Métyéas (1992)
and Hsao (1986, Ch. 3).

4 Empirical Results

We ae findly able to report the main outcomes of our empirica research. The basic
results are in Subsection 4.1 while arefinement comesin Subsection 4.2.

4.1 Basic evidence

The relevant results are shown in Table 1. The regression in column £° is the benchmark
cae it runs the logarithm of red per capita investment expenditure (y) againg the logarithm of

real per capita received capital transfers (x;) and the politicd dummies (the eectord variable
X,, the re-candidecy differentid variable x, and the political coheson varigble x,). The fitted
line seems quite good. In fact, dl parameter estimates are economicdly sound since they

conform to the predictions designed in Sections 2 and 3. Moreover, most results bear datistical
significance.

27 The individual-specific terms m should be treated as constants if the performance of the individual units in the
database were of paramount interest, but that is not our case. The size and magnitude of slope coefficients matter
more for us than eventua individual differences between them.

28 On top of al these theoretical arguments in favour of the randomeffects model, an appropriate statistical test
clearly endorses our choice—Hausman'’ s test, see results below.

29 Tables in this paper are interpreted from left to right. Hence, column 1 always refers to the leftmost displayed
regression.
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Leaving Propodtions 2 and 3 for a later comment, note that the parameter estimate
associated to the politicd coheson dummy is podtive, as expected, and datidticdly sgnificant.
The control varidble role is very drong; the dadicity of investment with respect to received
capital trandfers is dout 68 per cent, digplaying a remakable dHatisticd dgnificance. The
specification passes the ovedl dgnificance F-test, despite the fact that its coefficient of
determination is only about 51 per cent>® Interestingly, the Hausman's statistic is comfortably
located in the acceptance region of the relevant c?-digtribution (the critical value for a 99 per
cent confidence level is 13.3); thus, the empiricd evidence does not contradict our priors in
favour of the random composition of individud effects.

Table 1—The PBC on local investment expenditure, 1977-1993

I ndependent Dep. var. Dep. var.
variables Iny Iny

Inx, 0677 0.701
(10.667)* (11.176)*

X, 0.223 —

(2.142)***

X, -0.099 —
(-0.877)

X, 0.265 0.257
(3.643)* (3.604)*

Constant 0975 0.987
(5.135)** (5.220)**

St. error of

2§ 0513 0487

Adjusted R 0471 0451

Hausman 5315 534

t-Ratiosin parentheses.

* Significant at 99 % (one-tailed test).

** Significant at 99 % (two-tailed test).

*** Significant at 97.5 % (one-tailed test).

We can now address the empiricd implications of our man theoreticd results. Recdl that
Proposition 2 entails b, >0 and b, +b,>0 while Propostion 3 implies b, £ 0. As mentioned
above, the edimates in column 1 do comply with these theoreticd redrictions. According to
them, leaving incumbents are associated to a 22 per cent investment jump in pre-electord years
while re-dection runners dso diglay an intertempord asymmetry but of a lesser magnitude,
recording only a 12 per cent PBC. Chat 1 illugrates the cycle for the case of the Loulé
municipality.>*

30 Typically, panel data models of government finance exhibit relatively low values for |:| and display significance
problemswith dummy variables at high levels of breakdown.

31 The choice of municipality isimmaterial. Louléis located in the Algarve province—southern Portugal .
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The <olid line plots the no-cycle prediction for this municipdity—it corresponds to
column 1's fit without the cyce dummies x, and x,. Adding up these dummies, we derive the
expenditure prediction in line with the proposed regression; its plot is given by the dashed line.
Please note that eections were held in mid-December of the following years: 1979, 1982, 1985,
1989 and 1993. The verticd solid line segments between those two lines underline the estimated
pre-dectord upward jumps in invesment. The jumps are higher (22 versus 12 per cent) when
the incumbent leader did not run for re-election, which occurred in 1982 and 1985 in the case of
Loulé.

Log of real per capita investment
Values predicted according to Table 1, column 1
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Chart 1—The political expenditure cyclein the municipality of Loulé

The dgdidica dgnificance of invesment deviations was dso invedigaed. Firs, we
teted for the joint dgnificance of both propostions Column 2 in Table 1 presents the
condrained modd (derived from column 1 by imposng the nulls. The rdevant F-datidic is
13.465,%? and 0 the data do not reject the overal explanation of investment cycles advanced in
Section 2.

Second, we have aso looked for the individud significance of each propostion. As there
are two empiricd implications springing from Propodtion 2, its test requires i) a smple t-ratio

¥ Thisstatisticis
L IR - Rell/m
l- ReJ/(NT - K)

where M is the number of (linear) constraints and R’ (Rf) denotes the coefficient of determination of the
unrestricted (constrained) model. It is distributed as F(M, NT - K) .
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andysgs of 62 in column 1 above and ii) a comparison between the unrestricted modd in
column 1 and a condrained mode embodying the null Hy:b, +b,. Note therefore that b, in
column 1 is ggnificantly norntzero; the coefficient of determination of the constrained modd (not
shown) is 0.498, leading to an F-datistic of 14.724, which alows us to regect the null. So both
empiricd implications of Propostion 2 pass the data test. To &st for Proposition 3's implication
done it is sufficent to look for the individud sgnificance of b, in column 1. Although
portraying an economicaly sound estimate, this proposition seemsto lack statistical support.

A mgor event occurred by the middle of the sample period, the country’s accession to the
(then) coined European Economic Community. As detailled below, this seems a good reason to
expect a dructurd change in the empirical specification around 1986. We therefore decided to
test for it and amend our results accordingly. The matter is pursued in the following subsection.

4.2 Diachronic structural break in 1986

Portugdl joined the European Community as of the 1% of January, 1986. Its participation
on the community regiond policy gave the centrd as well as locd governments new resources,
the structurd funds (and later, from 1993 onwards, the cohesion fund). These proceedings are
matching grants conditionad upon the rules of digibility and alditionality that edrict their use to
investment finance. A large fraction is actudly trandated into public capitd accumulation. Rules
of access to these new income streams, however, differ quite subgantidly from those goplying to
traditional centrd government transfers. In particular, their disposa by municipd budgets is less
predictable than older trandfers (those from the centrd government) since these newer transfers
are conditiond on the pre-exigence of investment programs and, to a large extent, must be
bargained with centrd government agencies. The whole transfer procedure is thus longer and
contans severd criticd deadlines sharing nothing with locd dectoral schedules. Therefore, we
should suspect that the increesing reliance of locd governments on dructurd funds makes the
politicd business cycle harder to implement. Nevertheless, the increasing availability of this new
revenue, which does not crowd-out any previous income source, is expected to enhance the
power of capita transfersto explan municipa investment.

To test for the potentia 1986 break, we divided the sample into two sub-periods, 1977 to
1985 and 1986 to 1993. The results are reported in Table 2, where column 1 repests column 1 of
Table 1 for the reader’ s convenience.

The evidence in favour of this bresk is indeed quite strong. There is a clear regresson
improvement from 1986 onwards. This is perceived by the individua explanatory power of each
independent varidble and, most noticegbly, is reflected in both overdl goodness-of-fit Satidtics
displayed: the absolute error measure given by the resdud’s sandard deviation fdls from 0.40
to 0.24 and its reative error counterpart, the coefficient of determination, rises dmost twenty
percentage points. The implicit Chow's test confirms the sgnificance of the differences. The
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resdud sum of squares atached to the post-1986 regresson is 3.356 while the homologous
figure rdating to the whole sample period is 16.046; hence, the rdevant F-datistic is 3.291,
comfortably above the 1 per cent dgnificance threshold. Consequently, we should rgect the
explicit null hypothess, that is, we find evidence in favour of a dructurd bresk in 1986. The
ub-samples are drawn from different populations and so, contrary to our procedure in
Subsection 4.1, we should not merge them.

Table 2—Structural break in 1986

I ndependent Dependent variable: Iny
variables 1977-93 1977-85 198693
Inx, 0.677 0.607 0671
(10.667)* (6.168)* (25.529)*
X, 0.223 0.266 0.090
(2.142)*** (2.143)*** (4.954)*
X, -0.099 -0.157 -0.056
(-0.877) (-0.994) (-2.993)*
X, 0.265 -0.108 0.321
(3.643)* (-0.694) (9.902)*
Constant 0.975 1.187 1019
(5.135)** (5.201)** (2.993)**
St. error  of
R’ 0513 0.379 0.563
t-Ratios in parentheses.
Column 1'sfit iscolumn 1'sfit of Table 1.
* Significant at 99 % (one-tailed test).
** Significant at 99 % (two-tailed test).
*** Gjgnificant at 97.5 % (one-tailed test).

Interestingly, the cycle width associated to departing incumbents is dmost 27 per cent in
the fird sub-period and declines to only 9 per cent after 1986. Re-eection seekers induce an
upward jump of about 11 per cent in the first three tenures, with just a 3 per cent cycle thereafter.
The dadicity of invesment with respect to capitd transfers increases from less than 61 per cent
in the first period to over 67 per cent afterwards and this point estimate change is combined with
a dear dgnificance improvement. A larger and more dggnificant contribution of politica
cohesion to investment expenditure emerges in recent years.

The reader may dso note that dl empiricd implications of Propostions 2 and 3 bear
statistica  significance from 1986 onwards®® Therefore, the insufficient statistical background of

33 The coefficients associated to X, and x, aresignificantly non-zero in column 3. The same appliesto their sum. In

fact, the coefficients of determination for the 1986-93 sub-period are 0.563 in the unconstrained equation and 0.513
in the constrained line (not shown) and they entail an F-statistic of 27.099, well above the 99 per cent confidence

level threshold.
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the latter that underlies the mis-specified fit of column 1 is ascribed to the initid period (column
2).

All these figures associate economic plaushility to datigticd  dggnificance, and  two
conclusons thus emerge. On the one hand, Propostions 2 and 3 are fully supported by the
results in column 3, thus reveding an actua case where the politicd busness cycle rationde put
forward in Section 2 is empiricaly relevant. On the other, the available data suggest a diachronic
structurd bresk: participation in the common regiond policy from 1986 onwards may have led
to amitigation of the PBC and areinforcement of the explanatory power of capita transfers.

5 Concluding Remarks

Conventiond views about opportunistic PBCs often ascribe their origin to the eectorate’s
shortsghtedness or the incumbent’'s desire to being re-dected. This explanation looks spurious
gther because agents are not rationd or the decisonr-maker ignores a relevant state of nature, the
electord defeat. Hence, PBCs get interpreted as an odd outcome, incompatible with either
rationdity or standard microeconomic foundations. In this paper, we suggest a quite different
interpretation. PBCs can indeed be the optima outcome of a ultrarational set-up where voters are
forward-lookers and the current incumbent explicitly dlows for her satisfaction in the two
possible future states of nature eectora victory and eectora defest. To the extent that the
andyds addresses how the voting inditution digns people€'s preferences with the incentives of
sdf-interested politicians, the paper is very much in the spirit of the onrgoing literature on the
micropalitical foundations of public finance analysis—see Persson et al. (1998).

The theoreticd framework points out three predictions. Firs, the expenditure profile is
time-condgent regardless of who wins the following dections, indeed, the optima solution
corresponds to the (unique) sub-game perfect Nash equilibrium of a game played by successve
adminigrations. Secondly, the optima policy is a PBC where public outlays before eections
exceed those after dections. The incumbent’s pre-dectord utility is totaly derived from being in
office whereas her post-eectora utility is contingent upon the eectord score; hence,
congderation for the posshility of defeet (or no re-candidecy) and the concomitant dternative
employment introduces an asymmelry in the way pre-and post-electord expenditure levels are
st and engenders the cycle. Thirdly, a decrease in the (exogenous) re-election probability does
not narrow the expenditure cycle. This result is a odds with conventiond moddling. It arises
because the incumbent's pre-eectord utility becomes rdativdy more important after the
probability shock.

We bdieve the theoreticd framework suits paticulaly to explan PBCs a the loca
government tier. Thus, the paper has also provided an empiricad test to the proposed rationae,
based on a pand data sample of Portuguese municipdities. Municipad investment expenditure
was the endogenous vaiable over which politicd cycles were expected to materidise. The
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empirical evidence seems to support the theoreticd modd as its predictions were not
contradicted by the data, namely in the period 1986-1993.

So, public expenditure fluctuations can be interpreted as the outcome of rationd
behaviour by fully informed agents. Inasmuch as these fluctuations are regarded as detrimentd
to society, our ressach motivates a future study on incentive desgn to minimise ther
occurrence.

Appendix

Proof of Proposition 1. Problem (8) is the recursive solution to the successive gatic optimisation
problems stated in Subsection 2.2. Each gatic problem can be viewed as a sub-game of a game
played by two consecutive administrations. Note that only one action is possble a each moment
and tha the optima solution to each datic problem is unique; hence, the game a issue belongs
to the class of finite games of pefect information. By Zermelo's theorem, we are told that: i)
there is a unique Nash equilibrium for the intertempora fiscd policy game ii) this equlibrium
outcome can be derived through backward induction. Moreover, as with every game in that class,
ours has a unique pure drategy sub-game pefect Nash equilibrium—according to propostion
9B.2. in MasCald et al. (1995, p. 276). Consequently, the drategy profile derived by
backward induction in Subsection 2.2 identifies the Nash equilibrium for both the whole game

and each associated sub- game. 0

Proof of Proposition 2. A three-step approach is used to establish the thesis. Fird, the very
existence of an optima solution is ensured; secondly, the necessity of the firg-order condition to
describe optimising behaviour is assarted; findly, the specific cyce g, >05 shdl be derived as
an implication of the first-order condition.

() Optimum existence: the incumbent’ s problem (8) can be rewritten as

max u° Vig,J+p[wlg]+wlg, [Me,]+
- p[wla + we, IS wa] + who. 5 (11

st bgl,gzgi E

where
E =Mg..q,}0g,.0,01 A2 Ug, +g, £/

is the opportunity set. Clearly, E is a non-empty and compact set in A ?. The objective function
IS continuous in this set as it is aithmeticdly built from the continuous function defined therein.
Hence, the Welertrass's theorem gpplies. Moreover, the optima solution is unique because the
objective function is assumed to be gtrictly quas-concave in that domain.
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(D) Necessty of the firgt-order condition: condition (9) is necessaxy to characterise locd

extrema because both the objective and the congtraint are C*-functions and the relevant rank
condition is obvioudy met.

(i)  Expenditure cycde from (i) and (ii) above, we know that a utility maximiang basket
exids is unique and verifies (9). We will show now that the optima solution implies g, >05 by
contradiction. Suppose g, £ 05. Then,

vllg,]® vd1- o >p(sivéi- g
because v(>0, va< 0 and p(s) <1. Hence,
vég(- p(9vé1- g,>0,

i.e, the left-hand dsde of (9) is drictly pogtive. By the same token, w(>0 and w« <0 imply
Wtﬂglg- w1 - glg3 0. Snce W<O0, the rignt-hand sde of (9) is non-postive—hence a

contradiction is generated when g, £ 05. Therefore, g, >05 in the maximising basket. 0

Proof of Proposition 3: First, we will derive the bordered hessan determinant associated to the
incumbent’s problem. Second, the expresson for dg,/dp will be obtaned out of the totd
differentiation of the fird-order condition. The dgn of this expresson follows from that
determinant.

0] The bordered hessan determinant inherent to the incumbent's problem (11) is (interior
solutions only)

. éll 12 1
A=t 6 1,
1 1

where ¢, (i,] =12) denotes the second-order patia derivatives of the auxiliary lagrangean
function:

0y =valg [ +[Vig,Jo e+ @- p)xee xgdwelg,]+
HMofoer 0- pYxyer xdyd]- 2xgge xgdfwdg ]

lp =Ly = vd gzgw(ﬂg1gg ¢+
+{Vlg,Jow+ (1- p)| xyar xdydf |- 2xy@o- xg wdg,wda
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0, = pvaﬂgzg + ZV@gzgw(ﬂgzgg ¢+[vngzgg¢+ (1- p)x¢/¢- xgd]wdﬂgzg+
+{vbgzgg @+ (1- p) xga+ xcbycgz] - 2XGQ e xg@}[w&ﬁgzg]2

We are interested in evauating |ﬁ| a the dationary point, which naturdly complies with

the budget condraint g, =1- g,. After some rearrangements, the determinanta expresson
becomes

[H| = - vallg,]- pveli1- g+ Wwallg,]+waflL- g,{]-
) {[vhl- a.{- xjge+(1- p)[xtg/(n:+ xﬂhy(gz]}[wdﬂglg- wéi- glg]2 +
29 dvd- o+ xogwdo- wlt- gJ]§wdo,- wdi- g,]]>0

where the drict pogtiveness follows from the drict quas-concavity of the objective function in
problem (8).

(i) We now derive dg,/dp . Totd differentiation of the firg-order condition (9), p. 8, with
respect to g, and p leadsto

Vg, +pvet- g)- Wwdg,|+wd1- g(jSdg, -

ds Tw
- vtbl- glgg¢d—gl+[w<bglg- W‘bl- glg]ﬁwdglz : (12)
= gvﬂbl- o] +[wdg,[- - glq]%wdﬁ
Proceeding to a separate evauation of the derivativesin (12), we get:

M = Vél' glgg ¢+

Ta,

+{[X- Vbl- glg]g(n:+ 2X(§/(g¢. (1_ p)[Xﬁbngz +X(§’“1]}(;j—gs
w_
ﬁ_ xg/¢

(;j_gsl:W glg' Wél' glg ,

by definition of s and the budget congraint. Inserting these individud derivatives into the totd
differentid (12) and rearranging, we arrive a
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where
Ao vdi- g+ xggwdy - wh- o]

Bo vaﬂglg+pvaﬂl- glg- V\{W‘lﬂgngfW“bl' 919] +
{0 xoor - pryme xdyg Jhwdo]- wdr- off

Co -2 ¢W<ﬁglg- W(ﬂl- glg]

Now note that B+CA=-[H|. Therefore, B+CA<0. Moreover, A is smply the left-
hand sde of assumption (7), presented on p. 6; hence, A3 0. So,

%EO
dp

which concludes the proof. 0
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