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growth and the possible biases arising from ommssiocorrelated variables from the single
reduced form equation based analysis. We use stage-least squares method in a panel set
up for a system of four equations on growth, puliticestment, corruption and private
investment. Our primary results are twofold. Firsdyruption increases public investment.
Second, corruption reduces the returns to publiestment and makes it ineffective in raising
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1. Introduction
“Near where | live, there's a brand-new, eight-latoad that is peculiar in Manila, because
there's hardly any traffic on it. There is no tieffoecause the road goes nowhere. It is called
President Diosdado Macapagal Boulevard, after ad®gresident. It just so happens that the
incumbent president, Gloria Macapagal Arroyo is tiaighter.”
John McLean, BBC Manila Correspondent™Qctober 2002

“... large craters in several important streets oflkata including Russel Street, Middleton
Street, Sudder Street, Chowringhee Lane, Mirza iBl&iteet had been patched up with stone
chips of such inferior quality that they turneddiest within two days of repair”.
Statesman, 14 June 1993

In many developing countries corruption is pervasin particular in the projects involving
the public sector. Reports of public sector coiarpby the local or external press typically
contain two elements: details of the exaggeratioh® cost of public investment projects, or
the use of inferior materials, and often both. katlsuch is the prevalence of anecdotes of this
kind that virtually no study on corruption feelsetmeed to draw upon the same set of
examples (see for example Pritchett, 1996 for taolisalternative anecdotes). This paper is
concerned by the issue typified by the above twatajions: corruption inflates the level of
expenditure on public capital projects such assphdt lowers the returns to that capital; in
this case because they either go nowhere or tleegfdow quality. Both channels may lead to
lower rates of economic growth: higher governmemgnsling must be financed, possibly
through the use of distortionary taxation (Barr@9Q@), while lower quality public inputs has a

direct effect on the productivity of private capita

Over the past two decades, a substantial voluntigeofetical and empirical research has been
directed towards identifying the elements of pubégpenditure that bear significant
association with economic growth. Among the pubégpenditure elements, public
investment, or in other words, productive publicpexditure (at its aggregate and
disaggregate levels) has been the prominent categothis literature. Following Barro
(1990), many theoretical modélbave been developed that show that by introdubivity
public capital and public services as inputs ingheduction of final goods, public investment
generates higher growth in the long run. The génaechanism to raise growth in these

models is as follows: public investment in infrasture (e.g., roads and highways, water

! For example, Futagami et al (1993), Cashin (19880mm and Ravikumar (1997), Ghosh and Roy (2004)
among others.
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supply, airports, etc.) and education raises peivadctor productivity (may be subject to

congestion) thereby increasing growth.

The empirical counterpart to these models has geava more mixed set of findings, both for
the level and composition effects of public invesitnexpenditures. For example, Cashin
(1995), Kocherlakota and Yi (1997), Fuente (19%feller et al (1999) among others have
found the level of public investment to have sigmiht positive effect on growth in developed
countries, while Bose et al (2007) find for devehgpcountries that education expenditures
and total public investment matter. In contrastingismore disaggregated expenditure
functions Easterly and Rebelo (1993) find that oplyblic investment in transport and

communication generates positive effects on grdwtha mixed sample of both developed
and developing countries, whereas total public sbment has no significant effect. Finally,

Miller and Russek (1997) find that the same transpmd communication expenditure

variable has negative effect on growth in develgmountries.

From the perspective of composition effects of mubkpenditures, Deverajan et al (1996)
have shown public capital expenditure has a negagiffect on growth for developing
countries and the effect gets dramatically reverbéide sample is for developed countries.
They explain their result by suggesting that “expiemes which are normally considered
productive could become unproductive if there is extessive amount of them” and
concludes by saying that “developing country gowegnts have been misallocating their
resources” by excessive capital spendifidnis result has been recently supported by Ghosh
and Gregoriou (2007) in an optimal fiscal policgrfrework, again for developing countries.
Interestingly as a suggestion for future work tpegit a role for corruption in assuming away
the possible positive returns from public investiiardeveloping countries.

Formal support for the view that corruption impamtspublic investment is easy to find in the
literature. We focus on this component of governtmexpenditure because, unlike much of
current spending, capital spending is generallgrditonary (in terms of size of the budget,
the choice and the location of projects) and tleeeemore open to the influence of corrupt
officials and political leaders. Simply put a upnit spending on public investment does not
buy a unit worth of service. The classic exampletha$ is the study on Ugandan school
budgets by Ablo and Reinikka (1998), where on ayeranly 13 per cent of the budget
allocated to non-wage expenditures reached theotchBublic funds earmarked for vital

% The literature has also debated whether theseteféee permanent or transitory (Turnovsky, 20G&gl&r and
Durnecker, 2003 amongst others). Such concernsuasale of the scope of the current paper.

% Haque (2004) demonstrates the results from Deamuetj al. (1996) are sensitive to the use of paal
techniques that correct for non-stationarity in theiables.
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areas of spending may simply go missing and neeereblaimed. Purchases of goods and
services may be based on who offers the best kiklshi@ officials, rather than who offers the
best price-quality combination, or entire publiogmrammes may be chosen more for their

capacity to generate illegal income than for tpeitential to improve standards of living.

There also exists empirical evidence to suggestdabauption is, indeed, associated with a
misallocation and misappropriation of public exp&m@s which are often inflated as a
result’ Gupta et al. (2000) find that corruption has tfffeat of reducing the provision of
education and health care, and of increasing infasrtality. Mauro (1997) presents evidence
that corruption distorts public expenditures awapnf growth-promoting areas (like
education and health) towards other types of ptqgg., infrastructure investment) that are
less productivity-enhancing. In a similar vein, Zaand Davoodi (1997) find that corruption
leads to a diversion of public funds to where lsibee easiest to collect, implying a bias in
the composition of public spending towards low-proidrity projects (e.g., large-scale
construction) at the expense of value-enhancingstments (e.g., maintenance of the existing
infrastructure). The same authors conclude thad, r@sult of corruption, the amount of public
investment tends to rise, while the quality of tinigestment tends to fall, where the latter are
measured for example by the number of paved roadsad condition and power supply

faults.

Finally, there is almost a limitless supply of atha@tal and case-study evidence to support the
general hypothesfs.Abbott (1988) reports for example, the instanceHaiti when a
prominent member of the Duvalier regime had 156rkétres of rail track pulled up and sold
for scrap metal, pocketing the proceeds for hims®imilarly, Hardin (1993) recounts the
case of the Turkwell Gorge Dam project in Kenya fimal cost of which was more than
double the amount of initial estimates due to gmupment of bribe payments by the French
contractor. Or Rose-Ackerman (1999) tells of thelioms of dollars of non-existent
stationary that was “purchased” by the Governmees$Fund in Malawi, and describes how
telephone specifications in another African coumoptained the useless requirement that the
equipment must be robust to freezing temperataeeduirement that could be satisfied by

only one telephone manufacturer from Scandinavia).

“ In general, the incentives and opportunities tgage in corruption are greatest in areas of puisticurement
that involve large-scale expenditures, complexnetdgies and monopolistic power. For example, pasels of
military hardware (specialised, high technology @®g@roduced by a limited number of firms) offer ajes

scope for rent-seeking than purchases of medigadl®s (standardised products sold in open matkets large
number of firms).

® The single most extensive source of evidence ise thWorld Bank's web-site,
www.worldbank.org/publicsector/anticorrupt. For arfcularly perplexing account of the experiencésnany

African countries, see also www.freeafrica.org.



In analysing the effect of corruption on the vagyirelationship between public investment
and growth for different sets of countries, we digven the literature relating corruption and
growth pioneered by Mauro (1995). On the basis mis&country data Mauro finds a
significant negative relation between a corruptiodex, and the rate of economic groWth.
According to his findings, policies to fight coriign could be beneficial to growth.
According to his estimates “a country that improitestanding on the corruption index, say,
6 to 8 (0 being the most corrupt, 10 the leastjll,experience a 4 percentage point increase
in its investment rate and a 0.5 percentage poitrease in its annual GDP growth rate.”
Others have found similar evidence of an adversztedf corruption on growth (e.g., Mauro
1997, Tanzi and Davoodi 1997, Keefer and Knack 1%9vack and Keefer 1995, Li et al
2000, Sachs and Warner 1997).

The second strand of the literature has investilytte reverse causality between corruption
and growth: bureaucratic rent-seeking not onlyuierfices, but is also influenced by, the level
of development. In a thorough and detailed studgisiman (2000) finds that rich countries
are generally rated as having less corruption gwor countries, which as much as 50 to 73
percent of the variations in corruption indicesnigeexplained by variations in per capita
income levels. These findings, are supported bysAated di Tella (1999), Fisman and Gatti
(2002), Paldam (2002), and Rauch and Evans (2000).

In this paper, first we develop an endogenous drowitodel in which public agents
(bureaucrats) are delegated the responsibility rotyring pubic goods on behalf of the
government along with collecting taxes from houséhioBureaucrats have the opportunity to
embezzle public funds by falsifying the informatiabout the true quality and cost of the
goods they are procuring. Bureaucrats may be tafriptdeceive the government by claiming
to deliver goods of high-quality at high cost wiaey are actually providing goods of low-
quality and low-cost. By doing this, bureaucratfate (artificially) the amount of public
funds that must be raised and allow themselvespmortunity to embezzle some of these
funds. Such behaviour is costly for society becamiseeduces capital accumulation and
growth.

In the second part, we test the hypothesis empyic&iven the interdependency of
corruption, public investment and growth summarisédve, we depart from the single-
equation reduced form that is typical of the engairigrowth literature and instead estimate

the model as a system of equations using three &gt squares. This methodology is the




same as that used by Wacziarg (2001) to study é¢hetiaonship between openness to
international trade and growth. This methodologgoahllows us to model the offsetting
relationships between corruption, public investmamd investment that might be hidden in a

reduced form approach.

Our analysis using simultaneous equation systeralisable from the policy perspective. Our
results for differences in the growth effects ofblw investment driven by corruption

prevailing in the economy give rise to informatithvat is particularly useful for developing

countries, which are resource constrained. Inrgggrd, our main contribution is the finding
that the corruption inflates the level of publiesgding, but the effect of public investment on
growth is lower where corruption is high This résid novel and strengthens previous
findings that take care of the biases arisen franission of correlated variables from the

single reduced form equation based analysis.

The remainder of the paper is organised as folldwsection 2 we develop a neoclassical
growth model to show how increase in corruptiordéeto increase in the amount of public
investment but reduces the quality of the servioenfthose investments, and thereby reduces
growth. In Section 3, we describe the data and ouetlogy. In Section 4, we present our
main set of results, while Section 5 shows us diristness of our analysis by bringing the
other determinants of our dependent variables fferént equations and by running OLS
regressions separately with single equation setlge¢e the biases created there in. Section 6

concludes.

2. TheModd

Time is discrete and indexed by 0, ..,. There is a constant population of two-perioddive
agents belonging to overlapping generations of styndamilies. Agents of each generation
are divided into two groups of citizens — privateividuals (or households), of whom there
arem, and public servants (or bureaucrats), of whomettaen < m.” All agents are risk
neutral, working only when young and consuming amhen old. Households work for firms

in the production of output, while bureaucrats witwkthe government in the administration
of public policy. Public policy consists of a pragnme of taxes and expenditures designed to

® Mauro compiled the index by using information asbked from Business International in 68 countries i
1980-83.

"We assume that agents are differentiated at datbrding to their abilities and skills. A poputatiof m agents
lack the skills necessary to become bureaucrati$e whpopulation ofi agents possess these skills. The latter are
induced to become bureaucrats by an allocatioaleht condition established below. Thus, as inrodmalyses
(e.g., Ehrlich and Lui 1999; Sarte 2000), we ale$th@m issues relating to occupational choiceddimg so we

are able to simplifithe analysis by not having to consider possiblengba in the size of the bureaucracy and
possible changes in the level of corruption thay nessult from this.
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make available public goods and services which rimute to the efficiency of output

production.
We assume that households are endowedMitl units of labour and are liable to pay taxes
of %, and thus a household can sgiw -1, ). Taxes are collected by bureaucrats on behalf

of the government, which requires funding for palekpenditures. Corruption arises from the
incentive of a bureaucrat to appropriate publicdiurby falsifying information to the

government. We assume that a fractipri,) (01), of bureaucrats are corruptible in this way,
while the remaining fraction, 1, are non-corruptible, with the identity of a buregat

being unobservable by the governm&Rtrms, of which there is a unit mass, hire labfpom

households and rent capital from all agents inquéisf competitive markets.
2.1 The Private Sector

Each firm combinedt units of labour withk; units of capital to producg units of output

according to
y; = AlkITIGE,  A>0,a0(01) (1)

wherek; denotes the aggregate stock of capital @ndenotes the aggregate quality of public

goods and servicésThe firm hires labour and rents capital at the getitively-determined

wage raten; and rental rate;, respectively. Profit maximisation implies;, = @Al kG
andr, = aAl{k; “G/ . Since, in equilibriuml; =1 = Am (the fixed supply of labour), we may

write this condition as
w, = aAlIK G = ik, G,) )
r=L-a)A7k G =r(k,G) 3)

Thus the equilibrium wage and the rate of returpapital are functions of both capital stock

and the aggregate quality of public services.

® This assumption may be thought of as capturinfeidinces in the propensities of bureaucrats to gega
corruption, whether due to differences in proficies at being corrupt or differences in moral adkés towards
being corrupt (e.g., Acemoglu and Verdier 2000;I8eand McLaren 1993; Tirole 1996). The main pugpos
the assumption is to allow us to determine the waddureaucrats in a relatively straightforwardywlat does
not demand additional assumptions about how puditor pay is determined. In fact, all we needtfis
purpose is that there be at least one bureaucratisvimon-corruptible - all other bureaucrats mayl e
potential transgressors.



2.2 The Public Sector

The objective of the government is to provide pulgoods and services which function as

inputs to private production. The government dersagd= &/,amount of these goods and

delegates the task of procuring them to bureauttansreturn for his services, a bureaucrat is
paid a salary which is determined as follows. Anydaucrat (whether corruptible or non-
corruptible) can work for a firm to receive an ino® equal to the wage paid to households.
Any bureaucrat who is willing to accept a salargslehan this wage must be expecting to
receive compensation through some form of malpracand is therefore immediately
identified as being corrupt. As in other analyses.( Acemoglu and Verdier, 1998), we
assume that a bureaucrat who is discovered to treptas fined the full amount of his legal
and illegal income. Given this, then no corruptibleeaucrat would ever reveal himself in the
way described above. As such, the government caimmsie its labour costs, while ensuring
complete bureaucratic participation, by settingghkaries of all bureaucrats equal to the wage
paid by firms to household$.Against this background, the government keepseziclon
bureaucratic behaviour using an imprecise monigptechnology. This technology implies
that a bureaucrat who is corrupt faces a probgppit_| (0, 1), of avoiding detection, and a
probability, 1 —p, of being found out.

The government finances its expenditures each gbdrjorunning a continuously balanced
budget. Its revenues consist of the taxes collebyedureaucrats from households, plus any

fines imposed on bureaucrats who are caught apptimgy government fund.

Each bureaucrat is charged with the responsihidityprocuring& units of public goods
n

using whatever public funds are allocated to hinpublic good may be of either high-quality
or low-quality and may be procured at either higlst@r low-cost. One unit of a high-quality
good vyields 1 unit of productive service, while amat of a low-quality good yields8 < 1
units of productive service. The cost of the fornsea random variable which we assume to

be identically and independently distributed, anodake the value of 1 unit of output with

° This is essentially the production technology usgdarro (1990), where public servic&, enter as labour-
augmenting inputs which create externality effesstd produce constant returns to the accumulabtertaof
production.

1% Bureaucrats are also responsible for the colleatibtaxes, an activity that may also be open wsatin the
form of bribery and tax evasion. This does noteansour model because all households have the sarome
and are subject to same tax liability.

1 This has the same interpretation as the allocaifamlent condition in Acemoglou and Verdier (2D00he
government cannot force any of the n potential duceats to actually take up public office, butsitable to
induce all of them to do so by paying what they ldaarn elsewhere.
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probabilityq 1 (0, 1) and the value af > 1 units of output with probability 1 & The cost

of the latter is 1 unit of output with certain.Corruption is made possible due to
informational asymmetries between bureaucrats Badyovernment as a consequence of the
delegation of duties by the latter to the formers lbureaucrats who evaluate public goods in
terms of their cost and quality, and who supplydbeernment with information on which to
base decisions. By falsifying this information, ardaucrat may be able to enrich himself
through the appropriation of public funds. Moregsely, we assume that only bureaucrats
are informed about the true cost and quality oflipudpods. All that the government knows is
that a public good may be of high quality or lonality, and that the per unit cost of any
high-quality good is 1 ar. Given this state of affairs, the government unss each

bureaucrat to maximise public good quality per whiexpenditure. For a high-quality good,

there is an upper value and a lower value of Hagjiven by 1 an{lal, respectively. For a low-
@

guality good, the value 8. We confine our attention to the case in whlrdaﬁ. Under such
@

circumstances, the government will always demangh-Quality goods, whatever their

alleged cost.

A bureaucrat, when young, is endowed with one omidbour which he supplies inelastically
to the government to earn a salarygf For simplicity, we assume that bureaucrats have n
other source of legal income and are exempt frolyingaany taxed® By definition, a
bureaucrat who is not corrupt abides fully by tlevegnment’s instructions for providing

public goods. Such a bureaucrat procu%s units of goods at a true total costgiL or
n n

(/{&j and a true total quality &— The final wealth of a non-corrupt bureaucra(lilsrt )Wt .
n

n

In contrast, a bureaucrat who is corrupt pursusohin hidden agenda which conflicts with
the interests of the government. Such a bureaetrgages in deception by procuring low-

quality public goods at low-cost, while claimingatithe goods are of high-quality and high-

cost. Although the quantity of each good is %—ﬂl the quality is only?(%j, and although

12 As indicated earlier, the effect of corruptionaar model is that public goods are provided atveefooverall
quality but greater total expense. The latter teisublue to the variability in cost of high-qualigpods. The
former result prevails regardless of this assunmptio

3 The fact that bureaucrats have only one unittodls (as opposed founits) may be used to justify this
assumption.
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the bureaucrat claima{&j in public funds, he spends o{l&j. Thus (go—l)(&j is the
n n n

amount of funds that a bureaucrat may be able tzeemte by misleading the government.

In general, corrupt bureaucrats may try to remaicomspicuous by hiding their illegal
income, by investing this income differently froeghl income and by altering their patterns
of expendituré? These activities typically entail costs in onenfoor another. For the
purposes of the present analysis, we make the siagdumption that a bureaucrat who is
corrupt needs to spend resourdgs,on trying to conceal his behaviour if he is tarst any
chance of not being caught. It is plausible to imaghat more resources must be spend the
greater is the amount of illegal income that a buceat appropriates and the greater also is
the number of other bureaucrats who are behavirigeirsame way. The presumption in both
cases is that corruption would be more visible k38 easy to conceal, implying extra costs
for a bureaucrat in trying to avoid detection. Wedeal these features by specifyi@gto be

an increasing function of the total illegal inconoé a bureaucrat from falsifying the

information about the public goodéfp—l)(&j and the total population of bureaucrats who
n

appropriate public fundsg; n . A convenient formulation of this cost function is

C. = (eum) (-2 % | (>0 @

With probability p, a corrupt bureaucrat succeeds in his deceptioh sewes the

9

amounty, + (qo—l)(
n

j—Ct. With probability{l- p), the bureaucrat is apprehended and

punished his legal income. Like all householdshahleaucrats save their entire income at the

rate of interest, in order to finance retirement consumption. Acaegty, we may write the

expected income of each corruptible bureaucrat as

W (L+ ) if he chooses not to be corrapt;

(5)

{pwt + (q)—l)(&j —Ct}(1+ rt+1); if he chooses to be corrupt;
n

1t may even be the case that income from corrapgibonel level is used to foster corruption aeotlevels
(e.g., to ensure non-interference from the leg#harities). Discussions of these issues can bedonrRose-
Ackerman (1996) and Wade (1985), among others.
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2.4 Incentiveto be corrupt

A corruptible bureaucrat will embezzle public funtifiis expected payoff from doing so is
no less than his payoff from not doing so. Using, (e may state this condition as

[pwt o1 & —ct}(u ) > W (1 ).

n

Substituting the value d; from (4) in (5), and rearranging, this conditiorcomes,
Y 9o o _
(0-3) - - (em)]= 0 o ©)

Intuitively, a bureaucrat is more likely to be agst the more he stands to gain in illegal
income and the less he expects to lose in legamecif he is caught. When holding with
equality the condition determines a critical valfe¢ =¢*, above which a (corruptible)

bureaucrat will choose to be corrupt and below Wiie will choose not to be corrupt. Using

the assumptiorg, = 8y, andw; from (2) in condition (6), this critical value b@oes

. fepm
' )Im[l—(gt,un)ajﬁ "

Crucially, this is increasing &y andu. Intuitively, if an economy has more corruptible

bureaucrats and/or, if more of its bureaucrats iecaorrupt, each bureaucrat at his
individual level needs to inflate the cost of proog public services more in order to attain

higher income from being corrupt as opposed to simgonot to be corrupt.

5. Public Finance, Public I nvestment and Growth

Our model economy displays a unique balanced groegtilibrium in which all real
variables grow at the same constant rate. This tiroate is determined from the capital
market equilibrium condition which states that tb&al demand for capital must equal the
total supply of savingsTo determine how corruption affects savings, itnecessary to
consider how corruption affects public financescsiithe state of the government’s balance
sheet dictates the level of taxes required to raminbudget balance. In conducting our
analysis, we appeal to the law of large numbergseface probabilistic events at the
individual level by actual outcomes at the aggredatel. Thus p (1 — p) is understood to be a
measure of corrupt bureaucrats who succeed (fathair illegal profiteering, while g (1 — q)
Is understood to be a measure of high-quality pulgiods that have low (high) cost.
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Consider the case in whick proportion of corruptible bureaucrats become quirrin this

caseG is determined a& = [l—gt,u(l—[j’)]gt since only non-corruptible bureaucrats procure

high-quality public goods (yielding total services (1—,u)n[g—r:j, while among the

corruptible bureaucratss; proportion procure low-quality public goods (yield total

services ofgtunﬁ(&j but (1—£t) proportion do not find it optimal to be corruptdahence
n

procure similar as non-corrupt bureaucrats (yigdiotal services 0(1—5t ),un(&j )These
n

bureaucrats, of whom there aggun, make bogus claims on public funds by pretending t

procure high-quality public goods at high-cost (whlke opposite is true). The total value of

these claims istm;z{g—r:j. Non-corruptible bureaucrats, of whom there(kreu)n, behave

truthfully as above, claimindl—y)nq[g—r:j and (1—,u)n(1—q)¢{g—r:j in public funds. The

corruptible bureaucrats who find it optimal to lnrcorrupt also behave truthfully, claiming

total cost o(l—gt)m[q+(l—q)¢](g—j. Summing all we get the aggregate amount of

t
n
resources that the government now allocates tagpgbbds provision, i.e.,

Public investment spending[g + (1- q)p+ &, 10(0-1)]g, (8)

The above equation (8) shows that if the proportibbureaucrats who are corrupt increases,
each bureaucrat is supposed to inflate their cldno® public investment spending more.

Added to this isiw , expenditures on bureaucrats’ salaries.

Revenues for the government comprise the tax indoome householdsmz; , plus the value
of fines imposed on corrupt bureaucrats who aregtau(l- p)s,znw . From the

government’s budget constraint, the valuepfs deduced as

mz, ={q+(1-q)p+ & (o~ Lhg, +[1- (L~ p)e unwg (8)
As above, total savings by households amourm([fzbwt —rt). Total savings by bureaucrats

consist of the savings by non-corruptible burealscrél—,u)nwt, plus the savings of

12



corruptible bureaucrats who chose not to be co,rr(],efust ),unwt and the savings of those
who chose to be corrupft/,llpnw + (qo—l){l— (gtun)d}gt].

Substituting the value of G and using the assumpgp= &, in (1) and (2), we may write

the growth of capital accumulation (which is eqieathe growth of output)y, as

y= k;(—:l = a[a ~a+ - +&ule* —1)[(£tﬂn)5 -(1- q))]}][l— eul-BJ°  (9)

The above equation shows us, if eitlsgrand p increases, growth rate of output or capital in

the economy declines. This happens through inaergasie public investment spending but
reducing the total public services the governmean provide by such spending. In the

following empirical section of the paper, we wolile to test this hypothesis.

3. Methodology and Data:

In this section, we briefly describe the workingsaomodel of growth that includes public
investment. We do not claim any particular innowatin this and use it only to provide some

motivation for the empirical analysis. In additiave describe our data set.
Data Sources and Characteristics

The key variables in our analysis are a measupalblic investment expenditures and data on
measures of corruption. We measure public investraeimg data for Central Government
Capital Expenditure for 1970 — 2000 for 66 coumstrias reported in Government Finance
Statistics (GFS) published by the International Btany Fund (IMF). Corruption indices are
from International Country Risk Guide (ICRG), whiahe spread from 1 (least corrupt) to 6
(most corrupt). These data are available for a I[pah€&3 countries for the period 1980 —
2003. We have tested the robustness of our findiagalternative such as the Corruption
Perception Index (CPI) data collected by Transpardnternational (Tl) and the results are
essentially the same. The remaining data usedrame World Bank Development Indicators
(WDI). The distribution of the corruption scorew the final sample used for estimation is
shown in Figure 1. As this figure makes clear thame two clear groups of countries within
the corruption data, those with low corruption ¢are of less than 4) and those with medium
to high corruption (a score of 4 or above). We thse information within the subsequent

empirical analysis.
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Figure 1: Corruption Scores
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Notes: This figure is based on 192 observationgitog 58 countries.

In this paper we focus our attention on their mediterm growth impacts of public
investments and corruption. For this reason tha de¢ averaged over 5-year periods. As is
typically argued in the empirical growth literatutes also helps to reduce the effect of the
business cycle on any correlations between thabias of interest. The five-year periods for
public investment data considered are 1970-74, -/9751980-84, 1985-89, 1990-94, 1995-
99, while the corruption data are 1980-84, 1985-B890-94, 1995-99, and 2000-03. To
maximise the number of available data points weleynhe lag of public investment variable
(the data for this variable ends in 2000 compaced003 for corruption) in the regressions.
After accounting for missing data on some of thealdes used in the estimation, the dataset
we use for estimation has 192 observations. This davers 58 different countries covering
Europe, the Americas, Africa, Asia and Oceaniahvah average three observations per

country.

Table 1 provides the summary statistics for ournrmariables. Based on the evidence in
Figure 1 we have split the sample between the cesnivith corruption higher than 4 and
lower than 4. The evidence in the Table would tenslupport the view that corruption results
in lower levels of economic development. For coestrwhere corruption is higher, the
average growth is lower (0.50% per annum) compé&vddss corrupt countries (1.81% per
annum) and they are on average also poorer (mehsyrésDP per capita), less open to
international trade and invest a lower proportidnG®DP. The public investment variable
however shows support for our hypotheses. Publiestment as a proportion of GDP is

higher (5.03%) in high corrupt countries compaetbtv corruption countries (2.72%).
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Table 1. Summary Statistics

Public  GDP Private
Invest/ per Openness Invest/
Growth GDP  capita Corruption /GDP GDP
Total average 1.23 3.74 8.31 3.23 65.84 18.37
Sample
(0bs=192) stdev 2.41 3.10 1.60 1.59 54.13 5.41
Corruption<4 average 1.81 2.72 9.31 2.06 73.66 19.85
(obs=107) stdev 1.95 1.74 1.16 0.95 68.26 5.87
Corruption>4 average 0.50 5.03 7.04 4.70 56.00 16.51
(obs=85) stdev 2.72 3.88 1.09 0.81 24.62 4.88
M ethodol ogy

In Barro (1990) some types of government expeneitare assumed to enter the production
function of firms. These expenditures are takebdcexogenous by the individual firm such
that when the model is solved at the aggregatd teeegrowth rate is both sustainable and
endogenous (in a manner akin to the learning-bpglonodel of Romer, 1986). These
productive expenditures contrast with those exgarel that enter utility function of the
representative household (and which we label nodymtive expenditure). Such
expenditures, because they have no effect on trestment decision, have no effect on the
growth rate unless financed by some form of digingry taxation. We briefly describe a
simple Cobb-Douglas version of that model which &dend to include non-productive
expenditures.

The output of firmi is assumed to be produced using C-D productiomnt@ogy given by
equation (1) below, wheré is the output of firm, K; is aggregate private capital of firm

A represents a constant technology parameter amwinadf non-rival, non-excludable public
goodGy. As in Barro (1990) the individual firm takes tlevel of government inputs to be

exogenous and therefore aggregate output can bessea as.
(A) Y = AKG/

If B=1-a we have a similar model to Barro in the sensd there is sustainable
endogenous growth that is determined in part byliputvestment, while if 3 <1-a then

we have a version of the neoclassical model in wieixpenditures affect the level but not

the growth of output (assuming exogenous techmicajress)”>

%19 + A > 1-a then the growth rate explodes towards infinity.ié\sypical in these types of model the results
rest on a knife-edge.
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We assume that the elasticity of output with respecpublic investment, thes term, is
dependent upon the level of corruption in societghsthat the return to public investment is
equal th:y(l—n), where 77 is increasing in the level of corruption. In thiesance of
corruption,n = Q then S = y, while under this specification at the higheselesf corruption
the returns to investment are bounded at zgre, . TH& choice of zero bound is motivated

in part by the empirical evidence presented iniSest3 and 4 of the paper, where we see that
public investment’'s effect on growth becomes insigantly different from zero in the

presence of higher corruption.

Differentiating the production function with respéa time yields the following,

K G
+ag—+y@d-n)—
" y( f7)G

Y

Y A
® YT
Following Wacziarg (2001) we then augment this dsgrowth determinants. To this list we
add openness to international trade to captureeffects of technology transfer (Coe,
Helpman and Hoffmeister, 1997), but also becaugbefelationship between openness and
government spending discussed in Rodrik (1998)Wascziarg (2001) writes the estimated
model moves away from reduced form empirics typicahe growth literature, but is short of
a fully structural model, for example we do not sider differences in the method of
financing public investment. Corruption is allowkdenter the regressions for each of these
channel variables and the growth regression dyedib specifying each of the channel
equations we draw upon the existing literatureudised in the introduction.

Three stage least squares is preferred to two-desge squares estimation when there is
significant correlation across equations. The estia® presented in this paper use a method
first employed in a cross-country growth contextTawares and Wacziarg (2001) to analyze
the effects of democracy on growth. The underly@ngnometric theory is an extension of the
three-stage-least-squares method of Zellner andl h@62) to panel data. This method
achieves consistency by appropriate instrumenting, efficiency through optimal weighting.

It combines features of instrumental variablesdoan effects, and generalized least squares
models. In this setting, both cross-period and ssexguation error correlations are allowed to
differ from zero. This ensures the efficiency ok thstimates. Taking cross-period error
correlations into account is similar to assuminagt tthe error terms contain country-specific
effects uncorrelated with the right-hand-side Ja@gaThe flexibility of the error covariance
matrix allows for substantial efficiency gains tela to estimating each equation separately

(that is, assuming zero cross-equation error caxa€s).
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The effect of corruption on the returns to pubhigastment and growth is clear in the above
model. To capture the second part of the main ngsi$ we also include corruption in the
regression for public investment. Within this rexgien we also include GDP per capita, to
capture Wagner's law, openness to internationaletrahe size of the population and a
measure of the size of the urban population, allwbfch can be found in the previous
literature. Of these perhaps the most controveisitile measure of openness. Here we follow
Rodrik (1998) who argues that trade liberalisati®ronly accepted by the electorate with
corresponding increases in government expenditdites.literature on the effect of trade on
fiscal policy is again an area of research not ewithdisagreement however. Alesina &
Waziarg (1998) argue that the openness and goveitnsmee relationship found by Rodrik
(1998) is generated by an omitted variable bias etkclusion of an indicator of country size.
The link between government size and country sizgegative (there are economies of scale
in the provision of government goods and servias)is the correlation between trade
openness and country size (as suggested by théygewation). When country size is
omitted and trade openness included in a regressiothe determinants of government
expenditure levels the openness variable proxigsthie country-size government-size
relationship generating a positive coefficientbith size and openness are included in the
regression the significant relationship betweemopss and government size disappears. We
include both variables to control for such effects.

The variables chosen for inclusion in the corruptiequation draw upon the tests of
robustness conducted in Treisman (2000). Accortbrifpe results in that paper corruption is
most strongly correlated with the level of GDP papita. Indeed this variable alone is
capable of explaining between 50 to 75 per centhefvariation in the corruption index
(depending on the measure of corruption used).siira@n also shows that history plays an
important role in determining current levels of regation, and more so than the current policy
climate. Therefore, as in that paper, we includeasuees of whether the country has an
established democratic system and whether it isrmdr British Colony. In the case of the
latter La Porta et al. (1999) interpret a similesult as suggesting the superiority in terms of
governance of the common law system. Finally, Aaled Di Tella (1999) have previously
argued that openness to international trade redooesption because it opens economies,
and its government, to greater competition fronoabr

To model the determinants of investment we drawMatziarg (2001). The investment GDP
ratio is dependent upon wealth, measured by GDRa@ta in period t-1, characteristics of

the population (the size and the dependency rati®, level of corruption and public
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investment. We include corruption to test whetiw@vate capital investment is influenced in
the same way by corruption as public investmerdt this raises the costs of investment.
Public investment is included to capture possibdevding out effects from this variable.

With this in mind, we use a panel set-up in whiah lvave four equations in the systems. The
dependent variables are growth rate in real GDP gqapita §ri), log of public
investment/GDPIpigdp:), corruption ¢orri;), and log of private investment/GDRrigdpi).
The equations for baseline regression system didlaws:

gr, =a, +a(corr,) +a,(Ipigdp, ,if corr <4)

3.1
+a,(Ipigdp, ,if corr > 4) +a,(lgdp,) + as(Iprigdp, ) + a,(lopen,) +u,, (31)

Ipigdp, = B, + B,(corr,) + B,(lgdp, ) + B;(lopen,) + B, (Ipop, ) + B (urb, ) +u,; (3.2)
corr, =y, + y,(lgdp,) + y,(lopen,) + y;(dem ) + y, (br, ) +u,, (3.3)
lprigdp,, =9, + d,(corr, ) + 9, (Ipigdp, ) + ,(Igdp, ) + I, (Ipop, ) + J5(dep,) +u,; (3.4)

Where,lgdp = log of initial GDP per capitdppen= log of opennessirb = urbanisationtpop
= log of population; dem = democracy; br = britegiony; dp = dependency ratio.

Here, instead of using interaction term, we uselbmgoint of corruption as our corruption
values are dummy variable. Tanzi and Davoodi (199&)e able to use interaction term as
they used continuous variables for quality of pubhvestment. We break the sample by
corruption from above or below 4. We have checké&tl worruption from above or below 2

or 3 and the results essentially remain the same.

We also report in the table the Sargan overidentfyestrictions test (along with the p-

value). This is a test of the joint null hypothesimt the excluded instruments are valid
instruments. That is, they are uncorrelated withatror term and correctly excluded from the
estimated equation. In this case rejection of thk suggests that the instruments are not

valid. As can be seen we cannot reject the nudhiy of the reported regressions.

4, Reaults

In Table 2 we report the results from our basebee of equations. In this regression we
compare the effect of public investment on growsing the median value for corruption in
the sample (3.38). The results from this regressiom consistent with a number of the
hypotheses tested in this paper, and are suppoofivethers found within the literature.

Concerning the two main hypotheses, that corruptiases the level of public investment but

lowers the returns to this investment, we find supprhe corruption term is significant and
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negative in the regression for public capital, wtite public capital term is significant in the
growth equation. The coefficients suggest only iy wlight difference between the effect of
public capital on rates of growth according to Wieetthe level of corruption lies above or
below the mean however. Public investment havinggmally stronger growth effects when
corruption is lower. Using the system of equatitimsse results would suggest that a one
standard deviation increase in corruption (1.59ubloraise public investment by 0.74
percentage points. This would increase tend tceas® growth in countries with corruption
below a score of 4 by 2.3 percentage points a2l bpercentage points when corruption was
above this. In both cases this would be offset H®y negative direct effect of corruption,
which would reduce growth by just over 5 percentpgats. The negative direct effect of
corruption on growth is consistent with Mauro (1R%though here this effect is offset by

the growth enhancing increasing in public investmen

Tanzi and Davoodi (1997) include an interactiommtdretween corruption and the level of
public spending in a regression for the qualityadds (measured by the percentage of roads
in good condition). They find that while the intetian term is of the right sign and close to
statistical significance its inclusion has the efffef making the direct effect of corruption and
public investment both insignificant. Rajkumar ar@lvaroop (2002) use a similar
specification in a model of health outcomes (infardrtality rates) for 90 countries. Here
corruption has no direct effect but when interackath health spending it is significant.
Corruption reduces the positive effect of incredsealth spending on child mortality rates. A

similar effect on education quality is also found.

We also find an interesting effect of public invasht and corruption on the investment rate.
In accordance with Aschauer (1989) we find sigaificevidence of crowding out of private
investment by public investment, albeit where digance is at the 10 per cent level. A
number of explanations might be put forward to expthis result. These include the idea that
the public sector bids up the price of goods andies making the marginal private
investment unprofitable. Alternatives include ttiase investments are financed by taxes that
distort investment decisions, or by deficit finarmgiwhich raises the interest rate. Corruption
has a similar effect on the level of private inmesht as public investment. Corruption tends
to raise the level of private investment in theremuay, perhaps reflecting any bribes that are
required to ‘grease the wheels’. A similar positoegrelation is found by Lambsdorff (2002).
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Table 2: Three stage least squaresregression: Baseline

1) 2) 3) (4)
Dependent Variable | Growth L og(Public Corruption Log(private
I nvestment/GDP) | nvestment/GDP)

Corruption -3.251 0.466 0.094

(3.58)** (6.57)** (2.72)**
Log(Publnvest/GDP 3.124
if corruption <4 (4.61)**
Log(Publnvest/GDP 3.002
if corruption >4 (6.56)**

Log(Public -0.057
Investment/GDP) (1.72)
Log(Initial GDP) -3.733 0.240 -0.690 0.116

(7.64)** (3.05)** (9.62)** (3.29)**
Log(Private 20.063
Investment/GDP) | (13.94)**
Log(Openness) -1.650 0.562 0.100
(3.03)** (5.02)** (0.80)
Log(population) 0.063 -0.025
(1.34) (1.83)
Urbanisation 0.000
(0.08)
Democracy -0.699
(2.72)**
British Colony -0.251
(1.55)
Dependency ratio -0.350
(2.02)*
Observations 192 192 192 192
Hansen J-test for 2.132
over identifying (0.34)
restrictions
X2 (p-value)

Notes: numbers in parenthesis are t-statistics.**§nd + denote significance at the 1%, 5% and 1%
statistical significance respectively. All regress are based on the reg3 command in stata antioaddli
include fixed regional dummies as well as fixeddigaffects for each 5-year period. The regions asedViddle

East and North Africa, Western Europe, East Asid Bacific, Sub-Saharan Africa, Eastern & CentrailaAs

Latin America and Caribbean and South Asia. The tpariods used in the estimation d@70-74, 1975-79,
1980-84, 1985-89, 1990-94, 1995-99.

Of the additional regressors and estimated equatianfind much to support existing work.
In the public investment equation the level of gpeg is increasing in the level of GDP per
capita but is in openness to international traddight of Wagner’'s law the former might be
interpreted as suggesting that the income elastidipublic investment is greater than one,
while the latter is consistent with Rodrik (1998havargues that openness to international

trade raises the level of government expenditures.
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Table 3: Three stage least squares regression with corruption affecting public
investment at a cut-off point of 4

1) (2) (3) (4)
Dependent Variable| Growth L og(Public Corruption Log(private
Investment/GDP) | nvestment/GDP)
Corruption -0.627 -0.034
(1.79) (1.19)

Corruption <4 0.049

(1.50)

Corruption >4 0.083

(2.85)**
Log(Publnvest/GDP 0.353
if corruption <4 (2.02)*
Log(Publnvest/GDP 0.211
if corruption >4 (1.112)

Log(Public 0.112
Investment/GDP) (2.45)*
Log(Initial GDP) -1.829 0.083 -0.688 0.063

(6.02)** (1.08) (9.61)** (1.96)
Log(Private 16.399
Investment/GDP) | (12.91)**
Log(Openness) -0.466 0.658 0.035
(1.27) (5.89)** (0.28)
Log(population) 0.114 -0.001
(2.30)* (0.10)
Urbanisation -0.008
(2.06)*
Democracy -0.782
(2.86)**
British Colony -0.150
(0.85)
Dependency ratio -0.231
(1.17)

Observations 192 192 192 192

Hansen J-test for 2.156
over identifying (0.32)
restrictions

X2 (p-value)

Notes: numbers in parenthesis are t-statistics.**and + denote significance at the 1%, 5% and 1%
statistical significance respectively. All regress are based on the reg3 command in stata antioaddli
include fixed regional dummies as well as fixeddiaffects for each 5-year period. The regions asediddle

East and North Africa, Western Europe, East Asid BRacific, Sub-Saharan Africa, Eastern & CentralaAs

Latin America and Caribbean and South Asia. The tpariods used in the estimation d@70-74, 1975-79,
1980-84, 1985-89, 1990-94, 1995-99.

Unlike Alesina and Wacziarg (1998) we find thasthesult is not affected by the inclusion of
a measure of population. We also find no eviderdaronomies of scale in the rate of public
investment from greater urbanisation of the poputatAs expected, corruption is strongly
negatively correlated with GDP per capita and a suea of democracy. Like Treisman
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(2000) we also find that openness to internatidrede plays no significant role as does
British Colonial status. Also, as in standard emsplrgrowth literature, we find convergence
and highly positive and significant effect of priganvestment on growth.

The results in Table 2 are supportive of the hyps#ls of the paper, but they do not offer
complete support. This is largely because of thalarity of the coefficients on productive
expenditures split by the level of corruption ire throwth equation. One suggestion for this
might be that observations are being incorrectliiegarised as high corruption using the
median to partition countries and this is tendiogniflate the effect of public investment on
growth in high corruption countries. In Table 3 wearch this possibility by changing the
point at which firms are classed as high or lowggtion. We find from Table 3 evidence in
support of this, when we choose a corruption scbré as the appropriate cut-off value we
now find that public capital has a positive effest growth only in countries with low
corruption levels. In high corruption countries palrcapital has a poorly defined effect on
growth.

In Table 3 we also consider whether the effectarfuption on public investment differs at
the same point. In column 2 of Table 3 we find tbatruption is significantly related to
increases in public investment only when corruptiges above 4 on the index. By allowing
varying effects of corruption on public investment find the effect of corruption on private
investment in column 4 to become insignificant, public investment still remains positive
and significant, i.e., crowding in private investmhelable 3 also suggests, as in Alesina and
Wacziarg (1998), that countries that are more @yghhave more population spends more on

public investment.

The results in Table 4 suggest an interesting ooécdrom an increase in corruption.
According to the results in column 2 a one standbBrdation increase in corruption would
induce an increase in the level of public investmiancountries with a corruption score
greater than 4 of 0.13 percentage points and hawffact on the public investment to GDP
ratio in countries with corruption levels lower théis. The change in growth from this
would then be zero in both cases; it leads to @arease in public investment that has no
growth impact in high corruption countries and rfmarege in public investment in low
corruption countries. In both cases the effecthisrdfore equal to the direct impact of
corruption on economic growth equal to close toetcpntage point per annum over the 5-
year period (1.59*-0.627=-0.99). This effect of ws® contrasts with a non-corruption
induced increase in public investment, where thfecefwould be positive only in low

corruption countries. For example a one-standandatien increase in public investment
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would, according to these estimates, increase growtl percentage point per annum over a

5-year period.

Table 4. Three stage least squares regression with corruption affecting public
investment at a cut-off point of 4 and taking education into consider ation

Dependent Variable | Growth L og(Public Corruption Log(private
Investment/GDP) | nvestment/GDP)
Corruption -0.491 -0.077
(1.26) (2.66)**
Corruption <4 0.053
(1.71)+
Corruption >4 0.064
(2.22)*
Log(Publnvest/GDP 0.400
if corruption <4 (2.32)*
Log(Publnvest/GDP 0.029
if corruption >4 (0.15)

Log(Public 0.140
Investment/GDP) (3.20)**
Secondary School 0.007

Enrolment (0.76)

Log(Initial GDP) -1.587 0.006 -0.765 0.032
(4.38)** (0.08) (10.64)** (0.96)
Log(Private 17.968
Investment/GDP) | (14.37)**
Log(Openness) -0.522 0.645 -0.073
(1.44) (6.00)** (0.62)
Log(population) 0.131 0.005
(2.72)** (0.34)
Urbanisation -0.009
(2.50)*
Democracy -0.782
(3.16)**
British Colony -0.072
(0.44)
Dependency ratio -0.189
(1.07)
Observations 186 186 186 186
Hansen J-test for 0.790
over identifying (0.67)
restrictions
X2 (p-value)

Notes: numbers in parenthesis are t-statistics.**and + denote significance at the 1%, 5% and 1%
statistical significance respectively. All regress are based on the reg3 command in stata antioaddli
include fixed regional dummies as well as fixeddigffects for each 5-year period. The regions asediddle

East and North Africa, Western Europe, East Asid BRacific, Sub-Saharan Africa, Eastern & CentralaAs

Latin America and Caribbean and South Asia. The tpariods used in the estimation d®&70-74, 1975-79,
1980-84, 1985-89, 1990-94, 1995-99.
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4. Robustness

Now, we add education as it is one of the most mamb factors for growth and see whether

our results are affected. Table 4 shows the refuithe system that includes education. The
results are in general robust. These results dochabhge when we use other measures of

education, which are in all cases insignificant.

Table5: OLSregressionstreating all equations separately

1) (2) 3) (4)
Dependent Variable | Growth L og(Public Corruption Log(private
| nvestment/GDP) | nvestment/GDP)
Corruption -0.279 0.039
(1.22) (1.74)+

Corruption <4 0.044

(1.23)

Corruption >4 0.078

(2.54)*
Log(Publnvest/GDP 0.159
if corruption <4 (1.00)
Log(Publnvest/GDP 0.249
if corruption >4 (1.63)

Log(Public -0.070
Investment/GDP) (2.03)*
Log(Initial GDP) -0.390 0.037 -0.681 0.119

(1.79)+ (0.46) (9.02)** (3.27)**
Log(Private 2.334
Investment/GDP) (3.98)**
Log(Openness) 0.648 0.551 0.043
(2.21)* (4.59)** (0.32)
Log(population) 0.065 -0.000
(1.25) (0.02)
Urbanisation -0.006
(1.45)
Democracy -0.830
(2.86)**
British Colony -0.153
(0.82)
Dependency ratio 0.032
(0.12)
Observations 192 192 192 192

Notes: numbers in parenthesis are t-statistics* #jd + denote significance at the 1%, 5% and 9%
statistical significance respectively. All regress include fixed regional dummies as well as fikietk effects
for each 5-year period. The regions used are Mildkt and North Africa, Western Europe, East Asi a
Pacific, Sub-Saharan Africa, Eastern & Central Ak&tin America and Caribbean and South Asia. Tine t

periods used in the estimation 4@70-74, 1975-79, 1980-84, 1985-89, 1990-94, 1995-99

Moreover, we find that corruption significantly texks private investment after allowing the

effect of education within the system. This ressiinore convincing in the sense that it is in
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conformity with what Mauro (1995) has suggestesl, icorruption affects growth negatively

through reducing private investment.

We have mentioned earlier that due to the intenddgecy between corruption, public
investment and growth, the use of three stage leqisares regression with a system of
equations should give sufficient flexibility of tkegror covariance matrix that would allow for
substantial efficiency gains relative to estimatgagh equation separately as used in standard
literatures on public investment, corruption andvgh. Now we test whether it had made

really any difference by estimating the equatiozzasately.

Table 5 estimates the equations separately asmatd literature (i.e., assuming zero cross-
equation error covariances). The results we seamatically different from what we find
from three-stage least squares regressions. Wetliiad public investment does not affect
growth whether the countries have high or low gotinn, though the result of higher
corruption raising public investment in equatiost® remains. Hence, we can conclude that
by using three stage least squares regressionamvalentify the significant positive effect of
public investment on growth for low corrupt couasi In Appendix A we also show that the
same conclusion is reached when we use a two-Eagesquares methodology, where these

lie somewhere between the results for OLS and tbisege least squares.

In a final test of the robustness of the resultdallew Wacziarg (2001) and provide a test of
exhaustiveness of the system calculated by regigesise residuals vector obtained from the
system estimates of the growth equation againstraasure of public investment, corruption
and their interaction. A significant correlationthis regression may suggest that an important
channel has been omitted from the system. Thetseatg® based on the system reported in
Table, although the results are identical for ttleensystem regression reported in the paper.
Reassuringly we find no evidence of misspecifigatithe point estimates on the three terms
in the regression on the residuals from the grawtression are all statistically insignificant
at conventional levels. The t-statistic on pubfigeastment is 0.06, that on corruption is 0.97
and that on the interaction term is 1199.

5. Conclusion:

This paper is a first attempt, in a cross-countigtext, to evaluate empirically the effects of
public investment on growth that is affected by pihesence of corruption in an economy. In

order to take the interdependency between publiesiment, corruption and growth we have
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formulated a system of four equations where grovahblic investment, corruption and
private investment were dependent variables in teapsand explanatory variables in other
equations. In so doing we have combined three ndistiiteratures on “corruption and
growth”, “public investment and growth”, and “coption and public investment” to capture

the effect of one on the other.

Theoretically, we have developed a neoclassicalvigromodel where the government
officials are given the task of procuring publicogs that are used as productive inputs in the
production. Due to the information asymmetry betwtee government and the bureaucracy,
the bureaucrats can falsely report of high qudligh cost procurement, while providing low
guality-low cost product. This affects the produityi of the economy and hence reduces
growth. Our analysis can show that corruption mdy eeduces the quality of public services
that are necessary for production, but also indlakee public spending beyond the efficient
level. In this way, we can explain why public intraent fails to raise growth in the countries

where corruption is endemic.

Econometrically, we have used three stage leasireguregression in a panel set up that
allowed us to consider non-zero correlations acexpsations. Taking cross-period error
correlations into account is similar to assuminagt tthe error terms contain country-specific
effects uncorrelated with the right-hand-side Maga. The flexibility of the error covariance

matrix allows for substantial efficiency gains tela to estimating each equation separately

(that is, assuming zero cross-equation error caxa&s).

The empirical evidence provided in the study sutggekat corruption increases public
investment but reduces its effect on economic gnowt other words, only the countries with

lower corruption can enjoy the efficient returnmurblic investment such that it raises growth.
But in high corrupt countries, the returns from lminvestment are reduced by the corrupt
agents in the economy and hence public investmaifg fo generate higher growth. In

addition to its direct negative impact and indir@opact through reducing the returns to
public investment, corruption has another indireagative effect on growth through reducing
private investment. These results suggest thapdlieies to deter corruption and to increase
the efficiency of public investment could give veargsitive impulses to economic growth.

Based on these insights, we view our analysis @®mising step towards understanding an
issue that is dominating the international develeptarena.

'® The same result holds if we replace the interadéom with the measure of public investment siiove and
below a corruption value of 4. Here the t-statisticpublic investment is 0.75 when corruption i®te4, 0.65
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Appendix A

Table Al: Two stage least squares

1) (2) 3) (4)
Dependent Variable | Growth L og(Public Corruption Log(private
| nvestment/GDP) | nvestment/GDP)
Corruption -0.242 -0.002
(0.59) (0.06)

Corruption <4 0.044

(1.23)

Corruption >4 0.078

(2.54)*
Log(Publnvest/GDP 0.275
if corruption <4 (1.14)
Log(Publnvest/GDP 0.479
if corruption >4 (2.16)*

Log(Public 0.010
Investment/GDP) (0.19)
Log(Initial GDP) -1.098 0.037 -0.681 0.118

(3.22)** (0.46) (9.02)** (3.15)**
Log(Private 9.375
Investment/GDP) (5.55)**
Log(Openness) 0.018 0.551 0.043
(0.04) (4.59)** (0.32)
Log(population) 0.065 0.009
(1.25) (0.52)
Urbanisation -0.006
(1.45)
Democracy -0.830
(2.86)**
British Colony -0.153
(0.82)
Dependency ratio 0.199
(0.72)
Observations 192 192 192 192
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