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ABSTRACT

PUBLIC INPUTS AND THE CREDIT MARKET
By

Raj alaxmi Kamath

Public inputs like infrastructure used collectively by firms also contribute towards
reducing the heterogeneity among firms in an economy. This has important implications
for allocations in the credit markets, which are besieged by information asymmetries
among such firms who are the borrowers and the banks who are their lenders. This
crucial “nricro” link between public and private investment via the credit market, b3S
been explored in the first chapter of this dissertati . of se?

plored in ap sertation. In a model island econo™™y
faring entrepreneurs, we trace the effect of an archetypal public good - a li ght\\o“se’ on
the 3 R X )

credit market equilibrium of this hypothetical economy. Results indicate that the
effects of the lighthouse on the credit market equilibrium not onl :
opti Y have an impget op the
mal level of public inputs in an economy, but they also say somethi
me lng
“ta i , .. . . abo
rgetimag' of public inputs in an asymmetrically informed world. Public go ut the
. oq,
tar . . S th
geted ¢ the low ability may dominate those available to all types. Thus th A are
. ’ iS ch
cont L a
ribuy tes to the debate on the precise linkages between infrastructure and Pler
d eCOnOm
"X e second chapter explores the role of “social infrastructure” of an econ
omy on
shapi - : . Sy
aping (s business environment. Social infrastructure includes not only the physical
1ICa

infrastr — .
< (ure of an economy, but also its legal framework, business regulations, sco
, SCope

for co : . .
" ua potion and need for jrregular payments by firms etc... It has been observed that



those economies ranking high on this social infrastructure index consistently attract
higher levels of domestic and foreign investment, as compared to economies plagued
with corruption and poor social infrastructure. In a simple theoretical model that
explicitly takes into account such factors, it is shown why a lender (presumably a bank)
would look to these economy wide indicators instead of firm-specific indicators to
determine its lending decisions. It is €Oncluded that in contrast to private signaling by
firms in the credit market, these factors will increasingly be looked upon as “public’
signals, which improve allocational efficiency in the credit market.

In the third chapter of the dissertation, the hypothesis about public inputs and its
effect on the credit market proposed in the two chapte rs above is tested using world wid®
firm-level data based on a survey carried out by the World Bank Group (World Busines®

Environment Survey (WBES), 2000). We concentrate on two sets of constraints faced vy
firms - financial constraints and the quality of public services. We show that the quality
of inf; - : .

rastructure faced by firms crucially affects the financial COnstrajnts they face in thC

credit markets. Both Ordered Logit and Ordered Probijt estimates validate th
ldate the

that - : - onc|ys;
taking care of all region specific and firm specific constraints, firms Ysion
i ’ | P
infr, : . RWing 4

ASIUictural constraints are most likely to have high financial constraints 3 & high

N
w,
ell. This

link is
S «en to be stronger in the case of smaller and medium sized firms
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participants. It is now amply €l€2&T that public interventions in ar imperfectly informed
world have qualitatively differennt implications compared to interventions in a first-best,
perfect informa.tion world[44]. "This paper therefore, plans to pursue one “micro” link
where the role of the public input is analyzed in the absence of perfectly informed mar-
kets. 1t traces the cffect of public inputs on private investment decisions of heterogenous
entrepreneurs who have to borrow in credit markets characterized by asymmetric infor-
Matjon. In turn, this paper also addresses a key question in public sector economics
today [7] . In a world where asymretric information is endemic, “What type of public
Policies ., relax the self-selection CODstraints?”
. i and We
Our ,,odel economy is a small, Island economy of sea-faring entrepreneurs
. . ket ea®”
trace t I e effect of an archetypal Public good - a lighthouse, on the credit mar

libriuny  &f ¢his hypothetical economy. An entrepreneurial project in this island e

. . €
involves g entrepreneurs undertaking a sea-voyage. Entrepreneyrs differ in their knowledg
of the Y, 3zards en-route the sea-voyage - efficient entrepreneurs h
aving better k
nowledge
about  yhe hazards compared to the inefficient. Potential entrepreneyrs h
ave
funds from the capital market in order to undertake the Project The | 0 bOIrOW
. engy
. S .
credit  market cannot distinguish, ex-ante, between the efficient and the j, S in the
e

. i : . c;
trepret)eurs. A lighthouse reduces the risks associated with such g v Cng
Oya,ge a’ld ) n-
1

. Rer,
the P x~ o bability of undertaking successful entrepreneurial projects, byt it g Caseg
Oes S .
o in an

asyrm X xetric way. It points out potential hazards at sea to the e“trepfeneurs
undertaking

the DI\Qject. Since entrepreneurs differ in their abilities, the lighthouse benefits th
S the inef_

ficien ¢ entrepreneur more than the efficient. The lighthouse thus Increaseg the degre
€ of

homce, E=_ «=neity in the abili ties of entrepreneurs. This key result affects the credit market

2




equilibrium in this economy. |

: i i o

The intuition behind this PAP€r is gleaned from field studies carried out in the ru

credit markets of several developing economies(47]. Information asymmetries between
borrowers and  institutional lenders like banks tend to be glaring in such.markets :.s
formal credit institutions are still in their nascent stages. One econometric study, for
example(17|, covering eighty five districts in thirteen Indian states has shown that there
€Xist crucial linkages between public infrastructure and the process of financial interme(;
diatjon Government investment in infrastructure 1like roads, irrigation and regulate

: £
m ili ansion O
a h reduced the risks that farmers faced, also facilitated the exp
ket which re .
m as : investme
me - Thi i lies that government inv
in the rural are This result imp i
co X-cial banks in e
i i ductiop rj flect the pattern of jpforma )
lnfrastruCture’ by reducing pro n risks a e \

L . me
the lers Jers and the borrowers. Public inputs, by reducing inforrm,tion asym
ers

. . ] credlt
the ec can thus play an important role in improving the equilibrium irnn  the
nomy

marke

. ider is characterized i 3

Th e credit market model we consl Y Nformatijon a&y '
i he model of Best Minetrieg
which,  _re ex-ante. We essentially build on the m ester[16], where coj

el'aj
. ; : ice in the credit market equilih: Play
adcata l yticroleas a private signalling device Quilibriyy, H, 7

We
ordey- 't o deal explicitly with both types of equilibria, separating and Pooling e ,eﬁn:i::n
88Me> 3 Joing played in the credit market on the lines suggested by Hellwig[46}. epending
uporny &.he degree of heterogeneity in this economy, the effect of the ]ighthmlgc on bOth,

Separ- &y <ing and pooling equilibria in the credit market, will be considereq_ The direq,
effect. < of a lighthouse are summarized in Samuelson’s M RS, while the ingirect effect
stem

b 3 the asymmet ric information in the credit market. By Separately, considering
x-om

3



these indirect capital market eff€CtS of the lighthouse, we can also Say something about
the ‘type’ of public goods that should be provided in an asymmetric information world.
As our intui tion suggests, the results of this paper consistently point out the increased
benefits from a. lighthouse via the credit market. We see that public inputs, by lowering
the agency costs which definc a separating cquilibrium in an imperfectly informed market,
shift the second best Pareto frontier towards amore desirable pooling equilibrium. While
they mayxyy not eliminate information asymmetries totally, they certainly expand the size
of the ira formation set available to the €conomy. This link between public and private

IMVestrr et is crucial, since financial intermediation is increasingly playing an importan®

. < iy : ¢ of
role in g iate investment decisions of most econornies[40]. This additional benefi
- oncies
@ publice jpput in a second best €Conomy should not only have 3 pearing O™
yohe

deternlining the optimal level of public inputs, but also on the ‘t&rgeting’ of suc

inputs _
The 3 ized foll - Section 2 int
paper is organized as follows introduces the
Inodel. In se
<tion § we

discas = the separating equilibrium in the credit market. The effect of pub
of pub]j

the Se pa_ra,tlng equlhbrlum is glven in subsection 3.1. The 135ue of the n.DlIts on
Poo);

Tum  § g dealt in fair detail in sections 4 and 5. It is seen that mcreasmg geqwljb‘
oy, .
pub] j 1< goods of particular types affect existence of the separating contrac, Vlsion of
c
it
al x X x grket. This gives us some results on the targeting of Particular ¢ " cap.
YDe
S Of puy

in
Pue, -=x _ Scction 6 enumecrates the benefitss of a lighthouse on the economy y, d
Nder boty,
the

regi . .
eglrrl g, separatmg and poohng. The ne(:essary modiﬁcations to the Samuel R
son ule fOl'

tl
1€ E> w— vision of public goods are suggested. The paper ends with section 7, wh
where we

O
PO 4t areas of further research and give the conclusions and some Policy implicatio
ns

4



of our analysis.

1.2 Model

Agents: We corsider a small island economy in which agents differ with respect to their
Innate ability a. A proportion 4 of these agents is of low ability, denoted by a, and

(1 — 7) is of high ability, denoted by an- Whether an agent is type a, or ay is private
informat;i on. Agents can take up entrepreneurial pro jects in this economy which invol.ve
S€a Voyxage. The risks on such & VO¥age are defined by the hazards en-route, which

ts
i at agen
are NV j ber. So, ability in thiS €Conomy correspponds to the knowledge th
I pum . ’

. the'ﬁ
i iffex ¥
have ats the hazards on this s€8~VOyage and the p otential entrepreneurs dift
<Out e

3 oo
: 3er®
knowley bout the hazards. These N hazards can be thought of as being ©F
Ee a

PG and
ascale of yisibility. The most Visible and obvious hazards are known to all ag€

the leSs ObViouS are known Only tO the eﬁicient types. Agents Of type a” are aware Of

Mu am zards and agents of type a;, are aware of M, hazards ey, route. Af, —

My <N,
Addit 3 gnally, we assume (M) C (M#). The type ay entrepreneyys 5ye v
hazaxrc3 5 known to the type ar.

S of all the

Aly agents in this economy are identically endowed with one unit of laby

r
o | D iy,
they « wpply inelastically. We assume initially that all agents are a]go 'denticauy

with

end"Wed
“~_-ith a physical endowment,w. We assume that w < 1, and w cap be useq

ithe, for

conswy X pption or investment. These agents are risk neutral and live for two Periods. The
y

prod LW ¢ in the first period and consume in the second period. Agents have two disting

3 . 3 . ..
choxc:Q ==5: to be workers aund work in a ‘routine’ activity,

or to be potentig) entrepreneyrg

o




k o entrepreneuri al pr Oject mvolvmg a sea voyage. ‘/VOI']{
n an ers are assumed
and embar

each work : ient.
d for their labor C TXer gets a deterministic return Z;. Efficien
(o] >
supply only an | h
1 who
higher return denoted by ZH, as compared to the 1mefficient agents
workers get a hig

get Z. We assume,
Al Zy > ZL.

l 1 .ellt t}’ es (’()"lillate lth espect l : . 3
i i i es that efﬁCI p W T
hlS assumptlon lmph t ]

tivity also and as we shall see below, this assumptiox is Importar, ¢ to the
ivity

results in this
model.

bine their labox wWith ope .
The potential entrepreneurs com Nt of capital (k) and
ial project. One unit of Capital(k) j; . .
embark on the entrepreneurial proj Vested in the project
lod ahead of time, and it fully depreciates after one p Crioq
one period a )

er
1 to Undertake the
ject. In addition, we assume that they can only use 1 ag colly or
Project. In )

8.1 to o
(‘E') f T investment If the projeCt ends in a st iI ’ ) 101 feit t
- 0 i Vi S -

h “ain Capita]
eir QOII
5 as del d . tera[,
ks: Banks are special firms which operate as delegate Monitors g,
Lriks:

as d, . 2y qu Iel's
ribed b Diamond [35] s in this economy are “Sk-neutral and act
eSQ i Y . Ba'llk

Qg
) _ Bet’a-nd
Com ) =¥ in a market where they obtain elastically supplied funds. We no
<titors1

rlllaIiZe the
< btain these funds to be ope. Since
gros < jeposit rate at which the banks obtain t We asey .
m i ilibrium oy th .
k ) ake zero profits in equi € Projecy
ban = to be Betrand competitors, they .

they x
)=

-—nd.

i jects have the follow'mg character.
trepreneurial projec
jects: The returns from the en
\()j(;‘cté

.ISt;\(:& - they are:



(a) Uncertain - A successful proJ€ct yields y > 0, while an unsuc= <essfy] project, which

involves a ship-wreck, yields not hing.

(b) The returns depend upon the ability of the e epreneur. A gents of type ay (ef-
ficient) have a higher probability of making the Project a SUCCess, as compared to the

type a, (inefficient) agents. We make a simplifying assumption that a type ay agent,

has a success probability given by “~'> and a type a, agent has 5 success probabi)jt
1y

; bv ML Thus the ability of the entrepreneurs in making g .
given by us y &2 Success of their project

is linked to their knowledge of the hazards on the se a journey, e, np.
? Wl IE{H,L}_ The
efficient agents get higher expected returns from thie project as o

. Ompared to the ineffi-
cient agents, Mhl,iy > %Ly. In this model, following; DeMez4 an

: iy ) Webb 28], we assume
that the distribution of returns to the high ability (low risk) bOTrQ

Wer ..
e e first order
stochastic dominance (FOSD) over the distribution of returng ¢ xhibits

o

. the ) - .
risk) borrower.! Here, the high ability types get higher returns ow ability (hlgh

in g, 3
undertgke. The opportunity cost of entrepreneurship are higher . aCtlvities th ey

. ) : o
So, an efficient type will invest in the project only if the net Teturns g
I‘o;h

T efficiens.
€Xceeq his opportunity costs.? he Projes
(©) ha igh yielding - We explicitly assume ‘high yielding’ to be,

A2 <@1; y-—1> Z, The expected value of the net returns from the Projecy
N erceed the

o
PP > tunity cost of the project to all agents.

l .
L l\is is in contrast to the Stiglitz-Weiss [65] model, where distribution of returns tq the high rigy N

2 ™y prcscrving spread of the distribution of returns to the low risk (SOSD).
i )

—~mis assumption is also in consonancC with Spence’s labor-market signalling mgdel, where the

rese .
T~ ===m_ tjon wages of the high ability are higher.



While 2t — 1 are the expected T€tUIns and 1 is the value of the E=Orrowed capital, this
assumption implies that there exist incentives for 4 agents to uncl ertake the project.
Public goods ‘g’ in the natu7€ of infrastryctyre. The economy” has to be provided
with ‘g’, which has the characteristic of a pyre public good, in this case - a lighthouse
It is non-rival and non-exclusive in uSe How g enters into the decision making procegg
will be explained below. It is assumed that the level of infrastructyye « g plays a criticy
: s babilities of th i . .
role in determining the success pro e project. A hghthouse points oyt
iti d the sea-route to all entreprenewars. Since tha
additional hazards on ha.za.rds can be ranked
in increasing order of their visibility - a lighthouse wi]] t:ypj(;a.l '
Y result only in two
possibilities,
(A)The targeted public good: a lighthouse which wi]] brj n
: : to light one hazard
known to the efficient type, but not to the inefficient type, or g
(B)The pure public good: a lighthouse which will bring to tht on
© ha-zard
before to both types.
: stricti lves ublic .
In Scenario (A), we are restricting ourselves to public goods Which dil‘ectly
. . €n
the low,_bility types in the economy. The lighthouse here, direct)y benefits cfit only,
Yty
% Sixy ce the type ay was aware of this hazard before. Ctype
‘VQ define the effect of this lighthouse (A) as per the following, Vi ¢ {H, L)

du, aU; dM; where Mo — 54

— = dA

dg(A) =0
Sce . o : .

R N wio (B), on the other hand, is the general case - public goods benefit botn types
in th <=  _conomy, efficient as well as the inefficient. With the provision of the lighthouse,

—1 y and M} increase by one in this case. We can define the effect of thig lighthouse

) = per the following, Vi € {H, L},



dU. — 9U, dM )
G = o 2oL 4 OU; dM <« M, dAf,
d9(p) OM. dgcpy " BMy dg ) whex— IF(B';‘ = ‘Eg = 1.

We then have the following,
Proposition 1 In both sceTLarios, (A) and (B), the lighthow s e increases the
homogeneity in the economy: However’ this ¢ncrease in the homOgeneity 1S

3
higher with g(ay as compared tO 9(B).

The intuition behind this proposition is that the lighthouse affectg the productivity of
o
entrepreneurs in an asymmetric way. So, while the direct effect of the lighth
ghthouse on
the productivity of entrepreneurs is obvious, we ha~we to consider th 4
¢ ‘indirect’ effects
which stem from reduced heterogeneity in the ecomomy. W tl‘Q
. L. Ce this indirect effect
through the capital market. Additionally, by considering botp &
©se effects, the direct
and the indirect, we will also be able to compare the two scep s J

los ( .
“ ” : A . This
will basically tell us something about the “type” of public gooqg . ) and (B)

at Shgo .
9(4), which benefit mainly the less-able in the economy, or g 8), Whics, uld be built -
bene
fie

Osition ) s all.
a

’If we assume ML to summarize the degree of homogeneity, then prop,

inere Sing. Not all public inputs may have this property. To take a COncrete examp) ®s thay 41
e ¥

. ’ L e > 5 e
Public: s ervices like setting up public research institutes, or providing information abouyg Pr Viding

) . gh
agriciy 1t yral techniques and inputs to farmers (both actively pursued by the Indian govey. Y

‘ e €nt .
the € on revolution’ in the 1970’s), the focus could be specifically on benefiting the Mose dunng

Drodu
Sect, . . . Ctiv
s _ In this case, 2L the degree of homogeneity in the economy will fall. However, 1, €
as n T M Y making our
su « « 2 .
R X, tion of 1—:,,!‘; increasing - we essentially hope to capture the nature of benefits deriyeq from m,
Ost,

basic =

a , . .
\frastructure goods and services.



3 The capital market and the separ=m ting equilib-
1.
rium

nsider the capital Market where the information asymmetry is ex-
In this section we co

her their syccess robability is MNL or MNH) but bane
iz.. the borrowers know whet p
ante viz.,

e ntrepreneurs applying for loans.
bility of the €
only know the average a
) here excists only g Stang d debt £
. . tract: Assume t ard debt contract
The optimal lending con

for investing funds (issuing equity is costly). As in t¥xe model of Bester [16], banks offer
(6)

i T is the TroOSs |
a loan contract consisting of a pair (r,c) where g nt

A 3 Collateralizing is costly. Collateral of value ¢; to the bo,-mwe
oillatera

> .
Y%ves to the bank a
value of Be;, in the event the borrower defaults, where 5 € (0, 1)
. R 1d justification, this assun ti i
Note that apart from having real world j Ption is aje,

. C’“ch al p
the of equilibrium in a risk neutral env1ronment[26]_ As in mogq or
©Xistence

e .
; is being played in the creqit
Hellw 5 46], the a 3 stage sequential game is m&tket
g [46], . . -
ic reactions of borrowers. It is p ayeq
SN e yplicitly takes into account dynami 3 folloy,,
informed player in the
Stages Loan contract offer made by banks, the uninformed p game, e o,
| se to apply for contracts they <
Stages 77 - The informed players, the borrowers, choos Y View
- ingle contract.
as m ctive. Each borrower can apply only for a sing
et | he loan applications they haye received ip
ject the loa cat
Stage~ The Bank may accept or rejec
= 111
stages

1.
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The optimal contract (fi,&); V2 = H, L is a set of contract offerss  Which determine the

equilibrium in this 3 stage game- i.e given (7 &) v; = H, L

- Banks make zero profits on eaclhh contract ang

_ No barnk has the incentive to offer 2 different 1oap contract than the ones offered.

Since this game is sequential, the equilibrium consjdered willbe the sub-game perfect

or sequential equilibrium. The usual condition that each agent’s Strategy be the best
response to the other agents’ strategies is applied 1ot only to the overall game. but
to every decision node in the game tree, regardless o©of whether t}lis node is reached i
equilibrivym. We define U; to be the utility to agent oftype ¢ app)

Ing for aloan contract
meant for type j, and it is given as:

M; N
~ @-m)- A= —Fe; -2

i

Ui

The problem for the bank is,

Maz i + Q—=7Uun s.t.

{rici}
M

(i) thea Zero profit constraint for the banks: “‘ ri+(1- W)Bei =

(ii) E¥x e gelf selection constraints Ui > Usj.

Bes Eore analyzing the asymmetric information case, we solve for the Perfey ; info
Ormg,_
tior

! «~ <se as a benchmark. The self selection constraints do not bind thig case.
maxj 1—):\_17 e U.i, subject to the zero profit constraint of the banks (i), and the assUmptigy,

that < —=~ _ 1. We sce that [See Notes to Calculations],

=0 (No collateral).

11



Ti = AT, 1= {H,L}.

In th fect information case, t11€ Interest rates charged by the ¥>anks reflect perfectly
n the per

he risks (inverse of the entrepreneurial abilities) agsociated with the project. The low
the risks

bility entrepreneur is charged & higher interest rate (rr) than the high ability type,
ability
(7). These contracts cannot be optirmal in the asymmetric informatigy case, since bot},

types would prefer contracts meant for the efficient types.

. ic inforrxati )
To see the equilibrium in the Asymmetric infor atlon case, t.Qtauy differentiate Ui,

to get the slope of the indifference curves of the borxrowers in tha

T~c space,

dT,‘ N—Mt

& - (1.1)

(1) establishes both the negative slope and the single crossing pro

.ﬁ f . m ( )t eren(:e

()jrl_
fici OWer is steeper (has
lower MRS) than the efficient borrower. The efficient borrowe,. .

sorevenue
e for the bank in the r-c space,
dr;‘ _ '—‘,J(N - }\/L)
dei M, 12y

= jstence of a separating equilibrium requires:
(a) = W, e isorevenue curves of the banks should be flatter than the indifferepce curves of
e is

i is.
the Y <—rrowers. In this case, assuming 8 < 1 assures us th

12



(b) A condition on the composit1On of the economy, where we as<s Wme v is high. This
assumption - the presence of lar g€ number of oy ability indivicl wals, ensures us the
existence of a separating equilibr111mm (See Rothschild and Stiglitz [€60]).

For deriving the equilibrium contract (7i,¢&:), we see that w does Mot impose a binding
constraint on collateral. For the equilibrium, the only self selection constraint which
is binding is Urr > ULy - the constraint which applies to the 1‘)"""'*‘c‘xbility entrepreney,
mimicking the high ability types." This is used in solving for the OPtimal contracts ang

we get,[Proof in the Appendix],

Proposition 2

A N
- C = (.l
ér =0 + A1,
L N—n” (Aq \4! )
. BN :
R N Ty = N My))
TL = 1L H= g+ Ba

(1~ N )
.y MH )
In the process of self-selection, the low-ability types get the same co
I]tra_c_
. . - t as
under the perfect information case, while the high-ability have ¢, disg; “hey would
Ing WishH
by willing to pay collateral. Collateral in this economy has a Cost. Sinc tbemseIVes
€ the
borrasa, ors pay higher interest rate than the high-ability borrowers, they havye o

tomgz . high-ability types. They must therefore be deterred f incentiv
XX jc as the high-ability types. rom the . e

o Sin
. L. . .. & th
contr~ ¢ meant for the high ability types. This1s achieved by requiring the hi e

t gh‘abih‘ty
0 . ili
pg§ ¢ collateral, since it is onerous for the low-ability to post collateral.

4 . .
™ 1’\ e optimal solution is obtained by conjecturing at first that U > UHnL, so that there eXistg
onl <= . . o hineds ich is given by U = i
’ e self-selection constraint which is binding, and which is given by Upp = Uy After solving

for \'\\Q\ ptimization problem, we can show that the solution satisfies our conjecture. (See Besanko and
- optimizat , we

Thak oy, = [15])

13



Figure 1 - Separatimng Equilibriyp, in the Credit
i -

Market
r (r, cL=0)
145
(ra, cy)
TH BL
B,
C

3 is shown in tp
Collatera] sorts borrowers by type. The same is e ﬁgllr

e
ac Uy refers to th #bove where in the
refers S
interest rate (r) and collateral (c) space, the Uy re O the inq

. oy, abl]
fers to the zero-profit lines for the ity
eltrep reneurs denoted by Ur. B refe anks wy th,.
to th high ability borrowers and By refers to the zero profit 1jpeq for the
< ig

ilibrium contracts for the low-
borrc) d (7. CH) are the equlll
Cers. (Tr,cr) and (ry,

the 5 g xgh-efficiency types respectively.

Aften~ If selection of the respective contracts in the credit rmarket, the equilibriy,,

3 ] y i C t](' Irc curs T( ven as l)(,l()W,

. My
ULL = Wy

(N—Mu))]
Unre = Sy —1-eqjn- (M




We see that the low ability entr <preneur ends up with a payoff e ual to what he would

have got in the perfect inforrra Ztion case. On the other hand, the high ability en-

trepreneur’s payoff is lower to tfm € extent of the signalling costs which he has to incur in

the form of collateral.

1.3.1 Public inputs and the separating equilibritt™®

. riﬂg

Lighthouse (A) - The targeted public inputs We begin initially consid®
1nCe 3

lighthouse (A), which is directly beneficial only to the Jow ability types st
o

ver®

increases M, the hazards known to the low-ability types- The total

calculated as follows
' T
(i) “Direct” benefits: All the low-ability entrepreneurs face an inc xrease 11
. s . OS5
returns due to alowering of risks in the sea-voyage, given to be % which is P
equals the marginal benefits of the lighthouse in a perfect inform atior world a5 Wen'

(ii) “Indirect” benefits stemming from the capital market: These indirect beneﬁts are ba

sically of two types: (a) The benefits accruing from lower interest rates, du€tq

| N Margina]ly
ower risk of a ship-wreck. The high-ability entrepreneurs do not get the b,
nefit of
duc:c i interest rates, but they benefit from (b) lower collateral costs, why e
Ch jo .
as, S givey
99m 2 A (L3)

oM %
oM, ogu) > 0. Thus

by Y\owering the amount of collateral that is required of the effici cnt typog

We Se e that 24 < 0.[See Notes to Calculations (II)]. Therefore, ~we get

» public gogqy
. . - 2]
also reduce the “signalling cOsts” -

15



This benefit of the lighthouse s peculiar to an asymmetric info X ation environment,

where the outcomes are pareto inefficient. The direct benefit of the lighthouse to the

high-ability type is Z€ro, becaus € he has previous knowledge of the additional hazard.

However in the credit market vwhere the banks are ynaware of tyP€s: he has to post

collateral in order to signal his type- These Signalling costs are directly related to the

. two
degree of heterogeneity in ability. The higher the difference in the abilities of the

rin ter™®
. . . u
types ( AMJ,‘; is low), the higher is the cost borne by the high-ability entrepre™®

o€

S
o)
e 66%‘66

. X e
degree of heterogeneity in the econoIny. The intuition is that by decreasit® pe o

g vy

heterogeneity, the lighthouse relaxes the self-selection constraint WL 7 1,&;\}\“?’
2 Y

X
a, .
n to be that eg\ec\ed n
&

ers
- . o oV
of collateral. A public good which increases the ability of the inefficie?

self-selection constraint is relaxed, rmimicking is no longer $€€

. -« iS
the inefficient, and the costs of signalling to the efficient is reduced. This

the lower collateral for the efficient types.

(iii) “Entry effects”: These arise in the case of the inefRAcient entreprerleurs: A ety lower

Interest rates.

(ii) and (iii) are benefits of the lighthouse which accrue due to the inefﬁcietl
c - .. . cles in the
Tecdit market, arising from asymmetric information. Both these additional

' | Shect muys;
have t o be included in the Cost-Benefit analysis of the lighthouse, and they ar

. e discusSe d
N section 6.
Lighat house (B) - The pure public inputs Here, the lighthovise bp‘"eﬁtg both
l © t‘yD(‘es

of €Nt repreneurs. The benefits of this lighthouse are given by,

(1) “Direct” benefits to both types: Direct effects on the productivity of both typ
€S are

. . ; xpected returns from tl jects
given by the increase in the exp 1 ie projects. In the Case of the loy.
16



ability, the expected returns ris Y %» Which is the same as in the Case of the ljghthouse

(A). For the high-ability, his dir &<t productivity benefits (which were zero in the previous
1-8
case (A)), go up by the term, (Tv”— + L_Tch).

(ii) “Indirect beneﬁts ”. The indirect beneﬁts to the IOW ability accrue from lower interest

rates, which remains the same as in the case of lighthouse (A). For the high-ability, the

total benefits have to include the “indirect” benefits when stem from the capital market.

The total benefits of the lighthouse (B) to the high-ability is given by,

A=A, (o, Benyq gy

O s oM, " &
N N L My

Og9(B)

N-M
Tﬁ)]'

The total benefits critically depend on the indirect “capital’ mgarjet effect, given by the

c ¢ N—My Bey s
term, ‘{(gﬁﬁ + %ﬁ;){(l - B)(FR N} As wesavw, g, is negative, but on the other

hand, o s positive [See Notes, (1)) Therefore, - this Indirecy, capital market effect
H
being negative or positive will depend upon the relative weigh;g of these two 1™ We

then have the following proposition [Proof in the appendix],

Proposition 3 Indirect capital rruarket benefits of lz'ghthousc (B), valuy cc? J/
7 equaily

by all types, though positive, are O. f a lesser magnitude thaon, the capital oy
arket

&enefits of lighthouse (A), valued only by the inefficient.

The | . . | |
¢ 1 X ytuition is that a public input which has a greater impact op mcreasihg e
€ homg,.

gene 3 .y in the economy leaves the inefficient with a lower incentive to masqy,
- €rade. |
- In

the

case < f lighthouse (A), the increase in homogeneity is higher compared t¢ i
1ghthouse (B)
Thel"*\\{ore with the provision of lighthouse (B), the resulting slack in the ge)f |
-se eCtioy,

conss aint is less, and the capital market benefits are lower in magnitude ag ¢om
> pared ¢,

17



the lighthouse (A).> One has to then compare this capital marke ¢ externality with the

direct productivity benefits to £11d out whether the total benefits of zhe lighthouse (B)

exceed that of lighthouse (A).
n the

ili : easli
(iii) The entry effects: For the low ability the entry effects remain the sam

case of lighthouse (A).

SEPARATING EQUILIBRIUM.

Lighthouse(A) Lighthouse(B)
‘Direct” effect (+)
‘Direct’ effect (*)
aL Interest rate effect () Interes t rate effect (+)
‘Direct’ effect (+)
i t
an Capna\(ia)rket effec Capital market effec;
)

The figyre above summarises these conclusions (++ indicate benefits of a & xeater mag
) -

nitu Y o as compared to +). Under 2 separating equilibrium, the low ability ey
repreneurs

are 1xy ifferent between the lighthouses (A) and (B). The productivity anq the :
TC C intorens

Tate L = nefits they get in either case are the same.
<€

3 \yh a ‘)ublic inpllt which iS more Va]llabl? LO 1h9
ess ms up Y re he
F l\ 1’ s reaso“ SE em,lally su 3

o .
fRcieng Will noy

have it ill in the credit market. There is no relaxing of the self-suffic;
= sitive spiil-overs ency cq ‘
xy PO traing

- Witk 5 ML decreascs. So any public input which increases the ability of the efficiont "
o ore

~uch 2 good, 11,

than -  the inefficient increases the degree of heterogeneity in the economy. As Mimicking is magq
—~at o e

mMOore —tractive the collateral costs in the credit market increase.
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The decision to choose bet w €en the types (A
(A) and (B) then A €pepds essentially: on
the payofls to the efficient entre Preneurs. While the indirect capi t al market benefits to

the efficient types is higher with lighthouse (A), they derive positive direct productivity
benefits With lighthouse (B). Suppose there exists a separating equilibriu™ in the credit

eted public input

market, and the government has funds to build a lighthouse, the targé

(lighthouse (A)) may dominate the Pure public input (lighthouse (B)). Arriving at a

definitive conclusion would therefore imply comparing the second order conditions of the

capital rnarket benefits, which is explored in section 5.

14 The “switch” to a pooling equilibrjym
We have seen that by investing in lighthouses, the €xitrepreneyrg are made less heteroge”

nous as regards ability, and the sorting costs in terms of COHatel‘al are reduced- Hlowever

this increased homogeneity can jeopardize the existence of a Separating equilibfi“m in

the . . of a separating equilibrium
economy|60), since existence depends essent ially, on the
efficient types wanting to differentiate t hemselves from the inefficient by sig

Taalling. We
public inputs and the nature of the

S Qquilibri
Quilibriym
quilibrium denoted above, equilibrium p |
ay,.

fow turn to the relationship between the

WQ saw that in the separating €
offs to the

entres
) &' reneurs are:

. M

U = —N—Ly -1

. M . N -M
U = Tﬂy —1 —¢y[(1 - 5)(%)]

. R N-AMI
De“Qt. < the term enl(1 - ﬁ)((___ﬁﬂl)] as S, where S refers to the 'sorting’ cost T
- Thig

SOTA} : : :
OTW\ y £ cost is the proportion of the of collateral forfeited as a dead-weight loss if the

19



T g xl; ehh-ability
wrec. (M 1) gives the ut 110, of the high-a
hip- y
. k- he term N
neur has a ship-wr
e
entrepr

is utility is
; e, his u
ic informa tion cas
tion. Soin ap asymmetric info
: a .
inform
erfect
. e case of p
n th

hese °Sorting costg’
the

he extent of

d to the e

reduce

ich dominates this
how that there exig , pooling contract :{v:uwig{tlﬁ], that the
ou e sep R oS an then Prove, along the lines of ontract does not
' ©° ing c
separating equilibrium. Wi is & Pooling equilibrium. A pool i ooling contract
sequential solution to this game We begin by conjecturin g that this p ) |
: een entrepreneurs. rate given by 7 = W +1-MMu
diﬂerentlate e ing an average interest - dominates the
involves 4] entrepreneurs pa);ition 4 that if this pc>oled contract, Pageto
: o
(We will then prove in Prop

i e).
1 i ential gam
. he solution tg gy sequ
his contract is indeed t
ibri then this
i uilibrium,
Separating eq

U, = %ﬁ(y—?)
Ly
Uny = _N—(y

act to the
reneurs would always prefe, & pooled con ¢,

ility entrep

he low abi

We see that t

eference of the high-ability types would d <pend upon
the pr
SParating(U,, < U Lv), but

. . inve
ts in this economy are
sts or collateral cos
ing co
i ts S. Sorting
the SOxting cos

Sely relateq
- We also see that the ave
neity in the economy.
€
€ of homog
fo "A\'f,f,\ , the degre

Qge interest
A!L. The pOOIed interest rate ;
7, is inversely related to g ©1s
tract, T ; hich w,
oled con ili rrowers which we Sume g 1,
rate Uy nder a po Opoftiorl of low-ablht)’ bo e
the pr = .
lated to 7, p , both S and % are aneTSe]y
also § T nverselyre iven the parameters ( and i
). Thus we see that giv ich increases this homogeneity ,c\,',l;,
giver 3 =as large)- ision of a lighthouse whic
. OVIS10 int
relat QQ to T‘Tfl‘l- d under a staratu]g equlllbl"l
u
reduce
the S yting ©

rest
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rate under the pooling contract 1s also reduceq. The efficient en Creprepeurs will incur
CHeUlS wi

this sorting cost so long as they €nd up with 4 payoff which is more than the payoff they

will get under a pooling contrac t. This defines a cut off S; given by,

1+ 5%(g)

_—

%7(9) (14)
With S > S* 4 pooling contract will Pareto dominate the separating contracts. This is
shown in the diagram below, where By, By refer to the Zero Profit curve for the banks
on contracts for low ability and high ability. The dashed line Bp refers to the Zero Profit
curve for the pooled contract. Ur and Uy refer to the indiflerence curves of the low
ability and high ability. (rr,0) and (ru,cy) refer to the equilibrjypy, separating contracts
for the low-ability and the high-ability entrepreneurs r eSPeCtiVer, The pooled zero profit
line for the bank, Bp, lies below the indifference curve for the hig}bability borrower-
The high-ability entrepreneurs, in this case will prefer , Pooling contract to the
Separating one. (r',¢) refers to one of the multiple pooling = ety

domijnates the separating contracts (rr,0) and (rg,

C .
#)- The Proof below  ggtablishes
that among all of the multiple pooled contracts which dominate the separatj

N g contracts

(all Tontracts like (#/,¢) which lie below the indifference curve of the hig
_ ability Uy
and |k ove the dashed line B,, the zero profit line of the banks for pooled co
tracts), ¢
only X2 goled contract which will be sustained as the equilibrium is the contry e

L (e
. o =0
(P Iy = follows along the lines of Hellwlg [46] and is given in the appendix] )

:Proposition 4 Given that S > S™, in the three stage game C0n5idered b
abowve,
2he sequential equilibrium of the game is given by the optimal pooling contract
C
<T1 c= O>

21



Figure 2: A Pooling Contract dominating the Separ atil)g Contracts

(ru

CH’)

The proof thus relies on the refinement of the game being Playe d in the credit maxk.et-
It is because of the sequential nature of this three stage 8ame, thot out of the multiple
Pooling contracts which dominate the separating contract giver, above, there will persist
°nly one pooling equilibrium given by (7,0).°

While the inefficient entrepreneur always prefers the pooling contract s compared
ile

to the parating contract the efficient entrepreneur’s preference wil] depend on the cy)
se ’ € col-

Iateba-l costs. The inguition is that given a level of hetemgene‘t}’ among e repreney
. Is,

. N di de the efficient entrepreneurs from d;
INcrea . ienalling costs will dissua 1ffe

D sing sign g

rentjatin
Sk x - that this conclusion is reversed if the informed agents move firg, . g
. tions tha °

L S 1‘w‘g‘46\ men

Howing the
We can assume that banjg are

neuish among agents before these agents choose the contracts. This might
(=]

i ilibrium. However, following Wilson[69],
Cho o g Kreps sequential equilibrium

i also refle
unah ) § A Lo distl ct legal

: e given the same o S
const - <nts, where it may required by law that all agents be g PPOrtunijies. Therefore,
==mints,

i p aUSible ass‘lmptlon
n P y ( ba- kS) m lng S a l
m fo n [St. 1
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themselves from the inefficient t37Pes. They are better off under a pc>» Oled/ undifferentiated
contract. Increasing provision o £ public goods in the economy recd uces the level of het-

i ili i 1 the
erogeneity and thereby increase s the probablhty of a pooled contract dominating

separating contracts.

1.5 “Switch Point” and the targeting of public in-

puts

From (4) we can calculate the critical point at which the pooling contract dominates,
and the economy switches from a separating equilibxium to 5 poOling equilibrium. This

“switch point” is given by [Calculation in the appenndix],

1- 4= _(1-2A —p) 05)
1- ¥

=+

Where ~, 3 are the given parameters.
. . 9 2 = Ortant because . . .
In oy analysis, the “switch point” 15 1mp , it is , boint of .

Iocauy between the benefits of a lighthouse under a separating equilibrium N>is a vis th
, a vis the

Poolj yy g equilibrium . Public goods which increase the homogeneity beyon

this switch
poing¢ . ] ket having pooled contracts which dominate ¢
tsin the cgpijtal mar
Xeesul p © Separg, ting
cont g~ _ : ilibrium in this case, is socially optimal because jt .
T &3 _cts. Apooling equilibr Creases )

utilit»\» f both types. We can compare the marginal benefits of both light-h
~ o

Ouse ( A) ang
(B) o &= ¢ his switch point defined above. This would tell us something about

the ChOiCe of
the 1 i

===nthouses to be built.

Ce mparing the payoffs to the low-ability types under a pooling and Scparating
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Marginal costs and (MC = MB)
benefits of
lighthouse (A)

q —

. Lighthouse (A)
Separating

Equilibrium v Pooling Equilibrium

‘switch’ point

Figure 3: Targeted Public Input

cquilibrium, with the provision of lighthouses of type (A), we find that tkae following

holds, [Proof in the appendix],

Proposition 5 At the switch point, the marginal benefits of lighthou s, /A}
are higher under a separating equilibriurm as compared to the pooling equils.
yium. The marginal benefits of the lighthouse (A) are however, increasz.ng
ander the separating equilibriumn till they reach the switch point. After this,

zhe economy switches to a pooling
equilibrium and the marginal benefits of the lighthouse (A) then start falling
WAV e see in the figure above that the switch point separates the separating and Pooling

eQ\11iloria. The marginal benefits (M B) are increasing when separating equilibrium ex
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MC =MB)
Marginal costs and
benefits of
lighthouse (B)

~

Pooling Equilibrium

Lighthouse (B)
Separating
Eq pilibrium

‘switch’ point

Figure 4: Pure Public Input

ists, and falling, when pooling equilibrium exists. Given a constant marginal cost(M C) of
building the lighthouse q, the optimal amount of lighthouse (A) (where M B =— MC) leads
to a pooling equilibrium. On the other hand, doing a similar analysis of lighthous (B)
e

we et the following[Proof in the appendix],

Proposition 6 At the switch point, the marginal benefits of the light}louSe
(B) are higher under the separating equilibrium, as compared to the Pooling
equilibrium. The marginal benefits of the lighthouse (B) are however, decreqs.
ing both under the separating and pooling equilibria. However, the optimal

amount of lighthouse (B) leads to a separating equilibrium.

X the figure above we see that in our model, to the left of the switch point we haye

25



increased heterogeneity among agents, assoclated with a low level of public inputs in the
economy. The separating equilibrium dominates here. In this scenario, a public good like
lighthouse(A) which is valued xMore by the inefficient in the economy exhibits increasing;
marginal returns. The reason being that the extent of private signalling through collateral
is high at this level and therefore greater benefits accrue to the efficient entrepreneur
through reduction in these private signalling costs. Lighthouse (B) on the other hand,
benefits all entrepreneurs and reduces the heterogeneity in the economy to a lesser extent.

The indirect capital market effects in the case of lighthouse (B) therefore increase at a

decreasing rate.
. ] £
The above propositions then suggest that given the a constant marginal cost 4 °
l—%“ <

building lighthouses - in an economy where the level of heterogeneity is high \T-7

gx--,)g\_a)) the optimal choice would be building lighthouses of type (A). T
Y k)
level of the lighthouses of type (A) take the economy beyond the switch p»oint, where

the pooled contract dominates. On the other hand, building lighthouses of type (B)
would make the economy persist with separating contracts in the capital M &, ey Thu
. S’
considering the indirect capital market benefits - we would always end up With po i
oling

equi 1it>rium, if we build lighthouses of type (A). Therefore, when sorting cogyg are hjgp,
18

in thh & credit market indicating a greater level of heterogeneity among borrowers, bui]d-
ing ¥ yblic inputs which benefit the inefficient results in the maximum captyre of the
extex-x 4 ality of the public input which accrue through the capital market. To the right of
the S ~xitch point, under a pooling equilibrium however, we have to compare the benefitg

froxxa ¢ e two types again to make a choice. This is done in the following section.
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1.5.1 Public inputs anid the pooling equilibrium

Lighthouse A The total benefi ts of the lighthouse (A) are calculated as follows,

(i) “Direct” benefits to the low ability, given as %. There are no direct benefits to the

high-ability, as before.

(ii) “Indirect” effects stemming frorr® a reduction in the pooled interest rates %Z’ will

benefit both types. Essentially, with the provision of a public good which increases the
average ability of entrepreneurs in the economy, the risks associated with lending are
lowered | and this gets reflected in the lower interest rates.

(iii) “Entry” effects in this case, also will benefit both types. Depending upon the

. : . . S
opportunity costs of the alternative foregone, with the reduction jn the interest rate

more entrepreneurs will enter the fray.

(B)

Lighthouse B Al these three effects are also reflected in the case of lighathous®

which benefits both types. Additionally, the high-ability also benefits frorxa the direct

pProductivity cffects. We also see that the fall in the interest rate, g—;, which Summarizes

the capital market effect is greater in magnitude to both types in this case, a¢ compared
to thhe lighthouse (A). Thus in a regime where the pooling contract dominates’ there will
be a.x, wunambiguous choice in favor of the lighthouse (B) by both types. The same
show-y+ in the figure above, where there is a comparison of the benefits under the Pooling
cquil i Yyrium. (++ refers to benefits of greater magnitude as compared to +). Thug to

the x3 £2ht of the switch point, where the pooled contracts dominate in the capital Markegg

- thhe optimal choice of the type of lighthouse to be built is B., those which benefit all

CNX x @ yoreneurs in the economy.
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POOLING EQUILIBRIUM.

Lighthouse(A) Lighthouse(B)
«Direct” eflect (+) ‘Direct’ effect (+)
a Interest rate effect (+) Interest rate effect
(++)
Interest rate effect ‘Direct’ effect (+)
au +) Interest rate effect
(++)

uideline for the ‘type’ of public inputs that should

We have thus arrived at 2 rough g
rween

be provided in an economy- The results suggest that there is a key relationship be
when the

e of heterogeneity in the economy-

the type of public inputs and the degre
eve

. . . i
heterogeneity in the economy is high, the transactions costs incurred in ordex 10 ach

the separating equilibrium are high. In such a scenario, a public input w kaich is ben-

eficial only to the low-ability types results in higher benefits as compared ¢, 5 public
good ~which benefits all types in the economy. So, an economy should begin by buj] ding
public inputs which are targeted towards benefiting the less-efficient in the economy,
Thiss <will result in maximum exploitation of the externality which accrue to the ¢ Conomy
via t },e capital market. With such public inputs, the economy will end up haVing .
POOY e} contracts which Pareto dominate the separating contracts in the credit Market
Aftex puilding a critical level of such public inputs, only then should public goods which

\Deheﬁt all types should be built.” In other words, if we explicitly take into consideratigy,

v Cur result can also be seen to be in consonance with Boadway and Keen [20]. where using a different
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the indirect benefits of public inputs via the capital markets, those public inputs which
are targeted to benefiting the inefficient in the economy provide the greatest benefits.

Provision of public inputs which benefit all, or which benefit only the efficient in the econ-

omy should be taken up only after building a critical mass of such targeted public inputs.

1.6 Optimality Rule for lighthouses

This section explores the optimality rules for the provision of the lighthouse using non-

distorting, lump-sum taxation.® We shall be considering the costs and benefits of the

lighthouse to the entrepreneurs under the two cases analyzed above, (I) In the separating

equilibrium, and (II) where we have a pooling equilibrium.

(I) Effect of a lighthouse on the Separating Equilibrium: The optimal provision of Yight-
houses of type (A) will never result in the separating equilibrium, therefoxe the cost-

benefiy analysis in this case will be restricted to lighthouses of type (B) s

where the
mar gj nal benefits are declining. The government maximizes the Welfare (W ) among ¢
g the

entr e ypreneurs, which is given as

MazW = np UL +ngUny + nymy — T
9B)
s.t. 9By = T

Info X xaation structure than ours, they conclude that there should be a conventional “Over-supp]yn o

f
Putol§ goods which are more valuable to the less efficient, and a conventional “under-

Supply” of pypj;c
B0 sy which are valuable to the cfficient.

s S i nce labor is non-elastically supplied in this model, it does not require any additional asSUMptions
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nr,ny and n, refer to the number of low ability, high ability entrepreneurs and the
number of banks respectively. 77& is the profits of the banks, which is zero in equilibrium.

W is maximized s.t. the Govermnment Budget constraint, where q refers to the cost of
the lighthouse®.

M -
W = nL(QB)[%I‘y -1+ nH(gB)[THy —l-cn(l— ﬂ)(N\NMH)] - qgp (1.6)

Maximizing W with respect to g We 8et the following,

ow 1 - ﬂ) ¢ N - M,
oo Sni(ap) + rsrlen =22 N - 6;%;(1 = B) (5] + 1, (95)(Urs) + s (98) (Wan).

Zni(4) are the “direct” productivity effects referred to in the Samuelson Rule as SM RSv.s°
1

(1% h ”» : tS
The term in the square brackets refers to the “indirect” capital market effects- The ™

refer to the “entry” cffects.
(I1) In the case of the pooling equilibrium, ‘g’ refers to both types of lighthouseS, (A)

and (B). The government maximizes welfare (W) with respect to g,

W = Eni(g)[%(y -F)+nemy - T

st. q9 = T

Maximiziﬂg W with respect to g and the government budget constraint we get

ow ‘ ¥
59— = Enz(g)[N

| S

(

2|~
Q@

"M+ on )
g)l+ n;(9)Ui. (L7)

¥ = e the direct productivity effects which can referred to as TM RS, 4. The indirect
CAYD1 t 3] market effects are seen through a reduction in the pooled interest rates. & being
)

Ne g o tive. The n;s refer as before, to the “entry” effects. Using the ahove notationg]

S " he lighthouse is assuined to be built at a cost q, which is given ex-ante.
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conveniences, the effect of 2 lighthouse in this economy can be summarized as,

qg=tM RS, + ‘capital market’ effect + ‘entry’ effect.

1.7 Conclusion

This paper makes two contributions- Firstly, it analyzes the role of public inputs from
an information theoretic approach. Public sector economics is increasingly realizing the

importa.nce of imperfect information as a constraint on public policy. Private (asymmet-

ric) information limits the set of allocations that can be achieved in an economy. While

een the government and individuais 12s beent

the nature of information asymmetry betw
amons

public inputs when asymmetries exist

analyzed|(20}, this paper traces the effect of
d by

individual transactors. Market allocations in this second best world are oftex» define

contracts which are designed to prevent the incfficient from mimicking the e £¥icient (sep-

arating equilibrium), or by contracts which go by the average attributes in € he economy
(pooling equilibrium). When separating equilibrium exists, one of the tests of 5, effective
public policy is its ability to relax the self-selection constraints. We show in o)
that g public intermediate good, by reducing the heterogeneity among borroyg, is abje
to re1 ax this self-selection constraint in the credit market. Those public inputs w; ch are
bettex equipped to reduce this heterogeneity have higher indirect spill-overs. TherefOre
Wirxeyy the level of public goods in the economy is low, our model predicts that p\lblic,
£O © 1 & which arc valued more by the incfficient (lighthouse(A)), should be provided. Aj,

Ot iy yyal provision of such targeted public inputs results in the pooled contracts dom;.
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nating the separating contracts in the credit market. Here, the targeted public input
dominates the pure public input. In other words, it makes sense to restrict access to
public inputs when the marginal cost of another user is zero. When the credit markets
are characterized by the pooling equilibrium, pyplic inputs of both types, improve the
average, (in this case the average quality of loans made), and encourage further lending
in the economy. Public intermediat€ goods can thus be perceived as “public signals”
which determine the level of socially optimal investment.

Secondly, in the light of the above, this paper calls for a re-assessment of the Cost-
Benefit analysis of public inputs. Infrastructure and other public inputs can be justified
without reference to the credit market - and yet, we have seen abgve that the indirect
spill-overs from the credit market are too large to be ignored. This result hes ke
policy implications in determining the optimal level of public intermediate go0ds o 89y
economy. One has to go beyond LM RS, given by the Samuelson rule ira the caseé of
public inputs. This is especially crucial since private investment decisions cannot be

de-linked from the outcomes in the credit market.
"Ihere is scope for further work in this area. The information asymmetry ;. the cregj
1t
max )cet is ex-ante, giving rise to the problem of adverse selection. An extension to this
Mo c] &] would be considering the effect of public inputs when the credit Market g also
Plag: 4 yed by moral hazard issues. Secondly, the taxes considered in this mode] were po,.
diSt()rtionaryv Further work can also be done on the nature of distortionary

taxes gpq
theiy effect on the marginal factor cost of building this lighthouse.

X" his analysis also has implications for real world public policy, especially, governmey;

Y Olicies in the credit rnarket. Much of the analysis on public interventions in the credit
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market veers around the optima1 level of subsidies and loan guaranteeg ¢, lenders/s;, 35/
or redistributive policieSUO, 49] > Which improve credit allocations. This baper on the
other hand, deals with public proVision of basic inputs like infrastructure, health, literacy
and other services and its effect On the credit market. The main feature of such public
inputs is that an increase in their pr ovision Jeads to a narrowing of the spread of abilities
among agents. We show that it is precisely this feature of public inputs which relaxes the
self-selection constraints and achieves pareto optimal improvements in credit allocation.
This feature of the public inputs also allows us to make conclusions about the targeting of
Public goods to specific sections of the economy. There is thus a need to carry out more
diS‘Segregated analysis of public sector capital. As we have shown, the effects of public
Inputs op, the economy differ, depending on the type of the public input considered.
Mayre importantly, it is seen that public expenditures on infr astructure and provision
of ser ~_jces like education and health are normally justified on grounds of equity as being
eXpexry itures on ‘merit’ goods, or as interventions in the production of goods having
Signis cant positive externalitics. This analysis points out to another equally important
jUStiﬁ cation: public inputs, by equalizing ex-ante abilities among agents can relax the
self- <o «<=]ection constraints and improve the efficiency of market allocations. The ability of
vari <, ~ws public inputs to achieve this slack in the incentive constraints differs. In the light

of thy 3 s result, both the quantum of government expenditures, and the areas in which it

Is b <=1ing spent, needs to be re-examined.
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1.A Appendix
LProof of Proposition 2:

The problem for the bank is,

YL + (1 = Uy

w s.t.

{rici}
(i) the Zero profit constraint for the banks: My o+ (1- Myyge, = 1.
(ii) the self selection constraint UL = ULy
The usual strategy is conjecturing that the self selection constraint which is binding
s U, — ULy. We later verify that the optimal solution does satisfy the second self

Selection constraint Ugrsr > Uyy. Substituting (i) into the utility function subject to (ii)

giVeS us
)

% L= ,Y[AI_’VL(y — NAT,L — ﬂCL(]. - ’AI,;,_L)) - CL(]‘ - AT(IL) - ZL] + (1 - 7)[Mﬂ( A/}{VH

{c N
+r scL}

Pey(1L L)) - en(l — My — Zy) + AW — 3p — Bee(1- b))

(1= ) - 2] -

M M
(e _ 2 Bey(t — &) —cnll - %) - Z1).
WherQ 2\ is the lagrangian multiplier associated with (ii). Setting aan, = 0 gives us,

(1-7)[01-4)(B8-1)
(1 -2y (B -1)

> 0.

Whi <= Y, implies that (ii) is binding. Using the above result, it is easy to show that 0‘7—L <0
(S )

whin a implies that ¢, = 0. Putting this into (i), we get rp, = ANTL Putting these results
1n (ii ) i we get,

1 - (Mery)
1 — My
N

CH =
We w_qbstitute for 7 from (i), and solve for the same above to get the optjpal value ¢y.
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We get,

_ N - ~ $h)

i =
N — 3k (My ¥ B(N = Mp))
It can easily be verified that Usr # > Unr, and that our conjecture was right@l
IL.Proof of Proposition 32

The benefits to the high ability through lighthouse (A) is given by,

OUnn
99(a)

N — M,,

(3M 01 -8) (1) 18)

USjng the definition of cy given in Proposition 2, we can write,

Ocy NMy(1 - B)(My — N)
OM;  [Mu(N—ML) - BNML(N a2 (1.9)

We see that (1.9) is negative since (My — N) is negative. Therefol-e, (8) is positive. The

benefy ts to the high ability through lighthouse (B) is given by,

OUnH _ Yy (1—B) _(ggf__*._ac” ) (1- N —
dgBy N+ N M7 \amMm, BMH[ B)(

My, (1.10)

d . i
Fror L. (1 .9) we know that %fi- is negative. 5%’; is then given by,

dcu NM (1 - 8)(N — My)
oMn  [Mu(N — ML) — BM(N — My)P2 (1.11)

(1.1 3 > is positive. Thercfore, the condition for Proposition (3) to hold is that,
aCH Ocr,,
oaz, > oty
= A]H(N - My) > A[L(N - A’[L)

M2 - M2
My — My

=N > 1W”+1\/[L




Which is true as per our assum P tionll
II1 Proof of Proposition <%
Suppose bank j deviates from t he pooling contract (7,0) and offers another contract
(F,¢) - it will be accepted by all the high ability and not the low ability. Since the
high ability types are more likely tO accept a contract involving collateral to signal
their ability. Consequently bank j receives applications from all the above average, high
ability entrepreneurs. Banks that have offered (7,0), will then be left with below average
sample of the population. Since (F,0) only breaks even at the population average, all
applications to (7,0) will be rejected in Stage ITII. Knowing these rejection strategies, all
entrepreneurs, both efficient and inefficient, will apply only for (7, €). This is contrary to
OUr ea y-|jer assumption that only the high-ability will apply for this contract. Thus, under
€quili b~ rjym strategies, deviations to the optimal pooling contract wij] pe rejected and it
fannc ¢ pe upset by any separating contract (7,¢). Therefore, (7, 0) will be the equilibrium
Pooli y— g contract, and the sequential solution to this 3 stage game consideredll
V. =alculation of the ‘Switch Point’:

As <= y (1.5), the definition of the switch point, we have

N +cy(1=B)(N - My) = MyT (1.12)

Usi T ——_ N __ wehave
" ==~ the definition, 7 = M- (My - ML)’

N’)‘(A’[H — A’IL)
en(L=P)N = Mu) = o M)

Isi " o= NMu-My) have
Usita E=- he definition, ¢y = groRTrr) s, (VA Ve

Mu(N — Mp) - BML(N = My) — My —~(My — M)

(1 - B)(N — My) 2
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Which gives us,

(1= B)NMy — (1 - BINMu = (A= B)yNar, () _ BIME + (1 = B)yyarz

= 7NAIH - QWNAIL

And this implies,

NJWL(W)

il

MZ((1— B)(1 —4)) - N My ((1 - 8)(

1—v)—7)
1\ _ - —
=M, = MH[MH( B)(1 - ) +»711Vv(7 (1 6)(1—7))J
N — My) (1 — _
= M, = MH[I—( & 1) ( ,8)7(1 )
77 1-7)(1=5)
- —aL = <_WT__.
N

V-Pb(,of of Proposition 5:

At thy ¢ switch point, the payoffs to the high-ability entrepreneyrs with a separating
N o ct just equal the payoffs they would get with an undiffer €ntiated/pooled contract.
Thiss payoff is defined as per equation (1.12).

SePQ_ »>-ating Equilibrium:- For the type a, entrepreneur, it is €asy to see the marginal

berle: *+5t of the light house (A),

oUr 90U, _Y¥
dgiay OM, N (1.13)

Fra P (1.8) and (1.9), we can calculate the marginal benefit of lighthouse (A) to the type

ay.
H e y trepreneur,

WUny  OUnn _ Myu(1 = B)*(N — My)? (1.14)
gy OMy  IMu(N = My) = BML(N — Mn)J?
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The margjinal benefits of the lighthouse (A) to this economy as a whole ynder 2 s ti
eparating

equilibrium regime are thus gi ven by (1.13) + (1-14)~ We see that the marginal benefits
FPUELH > .

are increasing in g(a), SINC® 3A7 7

Pooling equilibrium:- At this point, the marginal benefit of the lighthouse (A) to the

low-ability entrepreneur is given by
OULy _ WUy Y _ (1 = )Mu
B9y OMrL NV [My — ~(My — M) (1.15)

The marginal benefit of the lighthouse (A) at this point to the high-ability entrepreneur

Is given by,

a9y My Mu—v( My - M)P2 (1.16)

(1.15) + (1.16) gives the total benefit of the lighthouse (A) to the economy under a
booli g equilibrium regime. It is however decreasing in g4 since both %l and %’él
are < o.
Tha s the marginal benefits of the lighthouse (A) are increasing under a separating equi-
libr 5 W _3m, and they are decreasing under a pooling equilibrium. We now have to show that

at € &, o switch point, defined by (1.12), the marginal benefits of the lighthouse (A) under

the == e parating equilibrium exceed the marginal benefits under the pooling equilibrium.

At T e switch point given by (1.12), “assume true’ that (1.13) + (1.14) > (1.15)+ (1.16),

A‘f}{(l - H)2(N - A/IH)z > A/IH(Q'Y - 1)
= (M (N — Mp) = BML(N = My)J? My —v(Mu — Mp)]?
(1 - B)(N — My) (2y = 1)

Mo (N — My) — BML(N — M) 7 My =My = M)

N(My-ML)

S TSP = : T = e have to
Usa = g the definitions, ¢y = JN=M-FAL(N-2n)’ and ATh = ( w

N
My —A1L)?
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show,

cu(l — B)(N — M,y V27 =1
—/I\fm > N

We now use the definition of thh€ switch pojnt given by (1.12), and we have,

Mur -N > T2y — 1(My - Mp)

=My -2 — 1M — M) > N

Again using the definition of 7 given above, we have to show,

N(My — /2y = I(My — N)))
My — 'Y(MH - ML)

N

Since vy <landy> /27y =1>0 forall y#1, we therefore have,

(Myg — 2y = 1(My — M,))
My —y(My — ML)

The: marginal benefit of the lighthouse (A) at the switch point jg greater under the
P& x-ating equilibrium compared to the pooling equilibrium
VI W=y oof of Proposition 6:

SGDQ rating Equilibrium: The marginal benefits of lighthouse (B) to the inefficient js given

by

Ty

oUy,. y

7 = 1.
()g(B) N ( 17)

Fre Xy the proof of Proposition 3, we get the marginal benefits of the lighthouse (B) to

the~ < fficient entrepreneurs,
, 7 AP N — \[
OUnn v U=0) o (Den Oen gy gy N= My g
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(117) + (1.18) give the marginal benefits of the lighthouse (B) to this economy as a

whole under a separating equiliPrium regime.

Pooling Equilibrium: The mar g 1 1al benefits of lighthouse (B) to the inefficient under the

pooling equilibrium is given by,

U, _ 2 _ _(A=7My-M)

99(B) N [My =~ (Mg = ML)

(1.19)

The marginal benefits of lighthouse (B) to the efficient under the pooling equilibrium is

given by,

Uk~ y (VM g1 — M)
39(’; = N Mu -~ (DMu - M) (1.20)

( L19) 4 (1.20) gives the total benefit of the lighithouse (B) to the economy under a
Pooling equilibrium regime.
We 3 15t show that at the switch point, defined by (1.12), the marginal benefits of the
light Eouse (B) under the separating equilibrium exceed the marginal benefits under the
Pool } g equilibrium.
At ¢ X,e switch point (1.12), “assume true” that (1.17) + (1.18) > (1.19) + (1.20).

1 — B)(cn) dc __6211_ (1-B)(N — Mn) %
( ¥ H _ a]\;IL + 6MH[ N ]} > [MH—’)'(MH _ML)Iz

Usi xag (1.9) and (1.11), we can rewrite (1.17) + (1.18), and we therefore have to show

M

—3)(e _82(N=Mi)[Mu(N=My)=Mr(N-Mp)]
(I\JI\)J(QQ + {(1 o [(I\/IH(N’—I\/IL)—ﬁt\IL(N—-IWH)]) }

(My=Mp)(2y=1)
[A’IH—‘y(A\l"—A'!L)]Z

- . _ N(Mp—My) ve to show
Us 3 X zg the definition, ¢y = g7, (N=ML)-BML(N-M#n)" we ha ,

o), g QPN = M M (V= Aig) - My (N =M1 )]
(1 2'( H) + {(1 3 (cH H TP }

[N(Mu -

(Mp -Mp)(2y=1)

=My~ ML?
> i =3 (Mp-Mp)]
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. ; AN-M I[N =My —rr
(U-8)(cn) (=B (cu)2(N=MH Lly S (2v-1)
= ‘_“(‘H—{ (N(Mu—M )] } My -~ (Mpu=211)]

N(My-Mp)

N
. oy —_—_—e— A
Using the definition of T = 37, — ~(A7;=a7,)» We have to show,

_ M)+ (X =B (em)*(N - My)N - M, — _r
(1 — B)ey[N(My L) N(Adn = Mo)p H)IN — My ML]} S (27N21)2

At the switch point(1.12), we have (1 - Bey = 1\1\1/{%7‘» we therefore have to show,

M 7F—N (A’[HF_AI)z
(NHI MH)[N(MH - M)+ = M, [N =My — M) > 72y - 1)(My — M)?

In the proof to proposition 5, we have shown that,
My —N > 72y - 1My — 0y

Thel‘efore, in order to prove proposition 6, it suffices to show that,

M, =
NHN(MH — M)+ (M = N)IN =My = M} > (a7 _ e

— My

= NS (My - ML) + (Myr — N)(N = My) = (MuT = N)M, > (Mu7 — N)(N = My)

= N(My —My) > (MyT - N)M,

= NMy > MyM;,7

M
YMp + (1 —~y)My

= NMy > NMy

Wiy R «h is true because,

My,
yMp + (1 =~)My

It 3 == thus proved that at the switch point, the Marginal benefits of the }jghthouse (B)

ares £ >-rcater under the separating equilibrium as compared to the pooling equilibrium B
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We now show that the Marginal benefits of the lighthouse (B) are de
- Creasing boty under

the separating equilibrium and under the Pooling equilibrium

Separating Equilibrium: Refex (1.17) + (1.1g) 5 MBs, the Mar ginal Benefits of light
! efits of light—
house (B) under the separating equilibriyy,
1 - B)(cu) (I =8y
MBg = 2y, Q-B)en) { Y,

H) My (N — My) — M (N — My)]
N Ay ﬁML(fzfv-M:,)]z Ly

(1.21)
M B s
We have to show that %%(%f = a"a'ﬁfi + %%ﬁ <0.

To simplify the calculations, denot€ the term jyy ¢he denominator, [My(N — ML) —
) H -

ﬁﬂﬁ(N—MH)/as & zand the terxm in the umerator (1 — BN — M )M (N M)
H H
A/IL(N — AI}“ as €.

Thus, M Bg can be w xitten as,

_ 2y (1=-B)(cu)
MBs = 3+ 72U +{¢£2}

Which implies that,

OMBs _ (1-8) dcu  [22(1 = B)*(N - Mi)(2M, — v

%) +M”)/
OMBs  (1-p) Ocy {®2(1 - B[ (Mpy(N — M (1.2
oMs N oMy Y ”)‘ML(N\ML))]} 2)
N = My)(N — 2My)] — Q2B(N — 4 , "
{l ) g W = M) + g,
(1.23)
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Adding (1.22) and (1.23), a1 collecting terms, we simplify tIn € s,
me in the pllowing

way:-

The coefficient of the term ®2(1-p)%is,

(N = My){(N —2Mp) = (V7 2270 = My (N — M) — ML(N = M)

—

Which we see is less than Zero. To show that, we see thatf the (+) term has been proved
ee e

to be positive in proposition 3, and the () orm is negative because 2My > 2M
H L-

Take the coefficient of the term Q2® Which Is, {'B(N —My)+M (N - M) —-BM }
£ u—(N—-My)—BML}-

This term is Jess than zero because, {(1 = B)[My, 4 a7, — NJ} is ;::ss th
an zero.

i . i (1-B)f 8¢
The third term to be considered 18, {SF2 [ 4 L1}, This term is less than 2€r€

_ dey
because it follows frorxa [2L]< O and [53/L]> 0, and we showed iy proposition 3 that,
BCH aCH

o, > 1oz,

And the denominator, 4 > 0. Thus it is shown that 8MBg i
998 'S less than zeroll
Pooling equilibrium: Denote (1.19) + (1.20) as M B p,

the marg;
4rglnal benef ¢ of the [j
house (B) under the pooling equilibrium. It is given as, -

2 (Mu— M)y -
MBp N My —v(Mpy — ML);;,

W OMBp OMB AMB
e gee that Gl < 0 and “5pE < 0. Therefore, mfl

: (1.24
1S less thy )
D zero g




1.B Notes to Calculatioxas:-

(I) The Perfect Informatiox® Equilibrium.

The problem is,

M; i
MazU,»,-=——t(y~Ti)“(1 - )Ci — Z.. M; M,
N N st N T + (1 - W‘)ﬁci =1 (1.25)

{1“' vci)

Plugging the Zero Profit constraint ©f the ban into the Utility function and differenti

ating it w.r.t. ¢; gives us,

ani —
ac,-

M;
1= 3 -1).

Which is negative, since [ is less thanone. Therefore, as per the Kuhn. Tucker conditions
n-Tucke ’

he Zero Profit condition ©f the banks . terest Tates,
) i

c; =0. Puttingthisimt o t we get th
e get the

= & as the reciprocal of the entrepreneur’s ability.

(11) Effect of ignthouses on collateral: From Propos;j tion o "
» We can re-wilie CH 85,

cy = N(MH - ML)
My(N -ML) — BM (N ;)

M — NMH(l'-B)(MH_N)
oML, My(N — ML) — BM (N — MH)P

We gee that it is negative since (My — N) is negative.

en _ NM(1 - 8)(N - M)
oMy [Mu(N = Mi) = BMLN ~ a7,z
Whra i h is positive.
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exist (which differ from counitr3” to country, or eyey, differ across r<=gigy, Withixy ¢
the same

country), 1 would like to explalx their relation to the borrowing annd Investment decisions

of firms.

i ich is giv . .
A common explanation wh 1S glven jg that lnvesting in such regions is generally-

TSN ivial, wh . .
risky. This generalization is trivia N we consider that lenders (banks) can devise

. risk .
contracts which can separate the Y Projects from the not so risky. Therefore, the

. is
question I will be trying to answex that why Would a lender (presumably, a bank in

this case) look to these economy-wide indicators instead of firm-specific indicators in
taking its lending decisions?

The mainstay of t ke explana.tion will be the €xistence of asymmetric information
in the credit market. I essentially build on two rnodels, (a) Hellwig[46), which takes
into consideration ex-ante, pre-contractual adverse selectijop, Problems jn a three stage
dynamic game being played between the lenders and borrgyg,, in the credit market,

and (b) Aghion and Bolton(1], which deals with post-

the credit market. Earlier models have shown how imperfect informayg;
ati

on

maxket may give rise to credit rationing [65]. However, increasing the the credit
con

the banks to include both the interest and the collatera] allowe for 1 ¢ SPace of
e

. . Do
the ,nks using collateral as a self-selection device and avoiding ¢ proh Ss.
objg

X : of
Seleag tion[16]. In this paper, I allow banks to sunultaneons1y choose - ad"erse
est

. oy e rate
coll.-s_teral requirements, but in addition to the pre-contractyg] inforrrlat~ S ang
lon
. Ing

Al o A g the lines of Stiglitz and Weiss [?], I add another level of i“fonnat' t
lon asyp,

. et

n X ,e form of a post-contractual, moral hazard problem. ry

1

Y his paper then shows that due to this interaction betweer, selectiq 4
n and incey,,;
ive
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. : ‘ it , .

effects, private signalling loses 1tsrelevance as a self-selection devie=e. Lenders ~yopiqd then
increasingly resort to public sig™als like social infrastructure indicators. It is ¢ hrough this
link that such public indicator= which define the business environment of a firm affect
their investment decisions. Ithengo on to show that credit rationing could be more severe
in economies having a poor social-infrastrycy, e Thus, in a simple theoretical model

. i t a . s
which explicitly takes into accourn: Parameter of social infrastructure (the possibility”

t

. jon
that because of poor implementatl Of laws, cor ruption, need for ‘irregular payments’

to bureaucrats etc... firms do not €arn their full re~enue, which they would under ideal
circumstances), I show how econOTIes ranking loww on the corruption index have highe’

levels of investment. ~ “This wouldl also explain, for example, given the global nature of

investment portfolios, there is 2T increasing emph asis on Couecting and understandmg

country risk measuwress by institutional investors.

The paper is organized as follows, section 2 introduces the model. Section 3 estab-
. Se

lishes the key result of the existence of a pooling equilibrium in the credit
1 may ket S 1
. vection

4 djscusses the effect of social infrastructure on this cquilibriyyy, and ¢
’ t e

given in section 5.

2.2 Model

A Fepts Identical agents who are endowed with 1 unit of Iah, o), which, N
ey

. ' .
Meq . stically. They are also endowed with wealth (w < 1), whj Uppy,

ba_y ¢ used as collateral to obtain loans from the bank. The ha
X, O agents are risk

Neyt,
. ) ) al,
v for 2 periods and they produce in the first period and consume in th |
¢ second. Ty
1ese
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agents have 2 choices: to be workers in a routine activity which o mnly, requires jupor (and

thus deposit w in the banks), T to undertake an entrepreneurial

Project which requires
them to combine 1 unit of labor with 1 ypijt of capital.

Workers get a deterministic
return Z. Potential entrepren€urs have to borygy, 1 unit of capital in order to undertake

ren 5 .
the project. More about the entrepP €urial project will be said below.

oL are y;
Banks : Banks in this economY” “%€ risk-neutra) and act as Betrand Competitors in
i icall : .
a market where they obtain elastaC Y supplied funds. We normalize the gross deposit
rate at which the banks obtain theS€ funds to be one. Since we assume banks to b€
Betrand competitors, they make Zero profits in equilibrium on the projects they lend.
Projects : The ret v xns from the project are Uncertain. The Uncertainty in this project
stems from two sources,
Ez-Ante - The project has a suCCess probability ©f p. Thjs is however not Known ex-
3 the potential entrepreneur or to the banker.
ante either to the p What the entrepreneur does
know ex-ante is the return from the project, if it is Successfy]. It ic :
IS In detapmy: :
£ ful project that this model takes int TMmining the
m a Success Into .
returns ro the socja] infy. t.
the economy. In an ideal situation, a successful project wil] Yield the ent Tuctyre of
re,
. . ) S .
yield (Yr)- However, firms lose revenue in a business environmen, which Reur jio full
iy
anci predatory. I base this observation on the World Bank BUSiness Envi

20Qqg (VVBES). Respondents in this survey were asked if it was common f,
T fir

I

. . 4 aees in .
lines £ business to have to pay some irregular ‘additional Payments’ ¢, thejr
© get things

. d()n 2%
In & Huth Asia and Developing East Asia more than 60% of (), firmg id )
said t

alw . itl f ntly the case. In Africa, more than h, }
Ty, mostly or frequently alf of ¢ ' £ ”

e ¢ Luch payments were at least frequently required. In the transition eco
¢ NOMieg of
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Central
and Easte
m Euro
pe, aro
und a third of the firms
provided such
respomnses. Onl

. y

ponse be described

in the OECD
countries and
the industrialized East Asi
sia could this r
€es
WBES

pa,yment&

as rare - aro
und 12% of
the fi
rms. To gauge the actual
ual impact of
such
» to publi©
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out the tot
al per
centage of revenue,
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unofficial payments
of Easter? and

pakistar:

officials. The ¢ the n
S. hese
se payments a he 0
- r re the highest i the t
o e transitio i
| r | s n cconomies
Centra urope a of revenu€s, In South A con
p sia (which ] |
E 5.5% n sists of Indi
f the tota.l

and Ban
gladesh) i
) it was 5%, whil€ in deve]
oping E
ast Asia, it was 4.6% ©
and 83070

revenues. In contras
. contrast
, 3% of
370 o the firmg in the
newly industriali ‘
86 jalized Bast AS1®
bribes \5\

of the firms i
s in the OEC.
D count 1
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is model, lct th S .
’ - C evenues |
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S

etc
o= --and great .
er is the si
2Tpis assumpt size of this ‘shadow’ o
P ion i li T unofﬁ .
ti iplics that firms cial
O 12’ (yhere pred rms who choose to mak economy.?
ation includ 1ake sucl
t’}l - cludes rent-s . such pa
C  Ngurphy, Schleif eeking and dupe activiti yments are not ¢y,
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Ez-post : In the post-contractual ex-post scenario, the success probability (p) gets de-

they
termined. p is an indicator of the effort put in by both types of entreprenetrs; once

. . . hosen only
secure a loan contract and have to implement the project. It is optxmally ¢

. dicatior®
. : an lndlca
after acceptance of the loan contract. Since the probability of success P 15

1] ’
.4 Bolton]
of the the individual’s effort, there is an effort cost c(p). Following Aghion an

we assume a uniform convex cost function across individuals,
2
A 4 c(p)=%.

The project is high yielding- We eXplicitly assume ‘high yielding’ t0 be,

the P79
A5Yi-1>2 vie {F,L} - Theecmpected value of the net returns from

exceed the opportunity cost of the project to all agents.

Thus there exist incentives for all agents to undertake the project.

2.3 Capital Market Equilibrium

Taking into consideration, this two-layered information asymmetry, the c

equilibrium is obtained in the following way,

Thae optimal loan contract: Assume there exists only ‘a standard deby

Contract for
N regting funds (issuing equity is costly). As in the model of Bester [16], banks oft.
er a

losy, contract consisting of a pair {7 c) where r is the gross interest rate charged ang
nd ¢

fir la d not engage in corrupt practices, and some firms are amor

Xy pre MOra nd woul gag al and would engage
in < & yruption In this model however, the morality of firms is not fixed or given, but it is a function of
the ¥>arameter 7, which is determined by the institutions and public policies of an economy, and therehy,

Ay ey, able to change.



is the collateral that the borrowers are willing to put up. We also make the following

additional assumption,

. . bank @
A 6 Collateralizing is costly. Collateral of value ¢; to the borrower gwes to the 0a

value of Bei, in the event the borrower defaults, where 3 € (0, 1).}

. it market -
As in Hellwig [46], the a 3 stage sequential game is being played @ the credi

imal
. he optlma
This game explicitly takes into aCc€Ount dynamic reactions of borrowers- T

loan contract can be seen as a solution to 3 3 stage game,

Stage I': Banks offer contracts (T%> ).

ex-

: ;mizes D
Stage IT: Given the contracts th€ borrower i chooses p such that it maximt )
rowe
ne PO
pected revenue from the project 1€t of (a) repayment cost (b) effort costs- T

X.
. 12
chooses the contract most attractive to him. He can choose only 4 single cont

. n
. Geved |
Stage III = The banks may accePt or reject the loan applications they have 1€

Stage 11.
The optimal contract {fi,é&); Vi = H, L is a set of contract offers Wh _
1ch determine
the equilibrium in this 3 stage game. i.e. given (7, &) Vi=H, L
- B anks make zero profits on each contract and
- N o bank has the incentive to offer a different loan contract than the one
S offere d.

Since this game is sequential, the equilibrium considered will be the sub.
§ame perf,
ect

Or sequential equilibrium. The usual condition that each agent’s strategy be ¢,
€ best

r'es ponse to the other agent’s strategies is applied not only to the overall game, 1,
) ut

B’I‘h e assumption of the bank not being able to realize the full value for the collateral in cag
€ of
(‘Pfa‘,‘“ by the borrower, apart from having real world justifications is also crucial for (he existence of
’ o ‘ . €0

€Quaj ) jpriumn in a risk neutral environment. See Clemenz [26].
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to every decision node in the game tree, regardless of whether this node is reached in

equilibrium. We define U;; to be the utility to agent of type i applying for 2 loan contract

meant for type j.

2.3.1 Equilibrium when the banks can distinguish types

The
As a benchmark, we solve first th€ €ase when banks can distinguish petween tYPE>

ware
banks arc aware of the illegal payTTents that have to pe made by firms, {.c they aT¢ ®

£
. nce o
of whether the revenue of the XTSI Yp or Y, s is the solution in e 8bse

d
hazat
adverse selection, when banks I1&Ve to tackle only the post contractual moral

Y
{te{' t\‘e
problem. They are not aware of the effort that will be putinby the borrowers &

get the contract. The problem for the entrepreneur is,

Maz Uy = pilYi — 7)) — 0 — Di)ei - E; s.t.
PisTinCi
(i) the Zero profit constraint for the banks: Ry = pir; + (1 - P:)fe; = 1.
(i1) the self selection constraints Uy; > U;;.
(1i1) The Individual Rationality constraint U; > Z.

In the full-information case, the self-selection constraints do not bind
nd.

he
ref
borrower solves Ore, the

/ ” . . s e— ] 2
Mar : pi(yi—r:i)— (1- pi)ci — 41
Pi,Ti,Ci 2

st. Ry = piri+ (1 —p))3c;, =1
u: = 2

Wi rere D) refers to the equilibrium choice of effort by the entrepreneur, and U?* ref
) il €rs to

the equilibrium level of utility, once the effort has been chosen. Before we give the fy]
/ - the tul]
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information solution we see that the equilibrium effort level p}, given the interest rate 7s

and collateral ¢; has to satisfy the following conditions,

' (2.1)
pl=vyi —rita where 0<p; <1. Ve

Ui = (_péi ~a=2 Vi 22

itiony

(1) is the condition on the probabilities and (2) is the jndividual rationality (IR) condlt. )

which determines the entry of th€ Potentia] entrepreneur. We see that the ethbrm f
o

level of effort, or the probability of Success of the pro ject is dependent ot only tetmsSo

the contract, but also the efficic €Y Of the social infrastructure which determin® v

rions
. . Nty fore
p=p(Y;,r;,c). The above formulation thus enables to get asimple probab\h Y N

PR 2 g} e
yiron ™

where the probability of success (eflort) is positively related to the busines® € N

\\EARS
e ¢0

within which firms in the economy have to carry out their business projects,
pich they

which they are able ‘o post, and negatively related to the gross interest rate W

have to pay on the loan. The full information solution is

(2.3)

1 2
re = 5lYi + (14 P)w = [(¥a + (14 B)w)® + 4(Bw(l - Y, — w) 1))
©(24)

Tk ere are two things to note about this Full Information solution:
Q) Though the maximization problem involves solving 3 unknowns giver
1a Systeln Of
2 e ions - one of the unknowns, namely ¢;, gets determined by the nat
Quat ure of the game
beillg played in the credit market. The banks would prefer to take maxipmum collaterg)
a

frgln all agents (¢; = w). The reason being that the expected returns of the bank R,




increases with the collate . OR Ry - .
ral posted, viz. &—} > 0, but E”f is ambiguous. Since,

<0 (25)

Zf.b =P +(ri- ﬁci)g—f: where Zf:
The effort that the entrepremeurs put in, which defines the success probability (p) 18
negatively related to r, but positively related to the collateral, . e banks would
the interest rate

require the borrowers to use all their wealth as collateral. and determine

ould be fejeCted

subject to this. Loan applications with any other amount of collateral W
jcation would b€

by the bank in Stage III and knowing this, in equiljbrium no such app!
. - . is
for thCOmmg- The solution to Ti in (4) is then a solution to a quadtatic equatlon'
e banks &

obtained by plugging pr and ¢ = W in the the Zero profit condition of
in (1) 4.
e gesigned

(i) When the banks can separate out the types, individual coptracts 3

by the banks, sudh that corruption can be weeded out to an extent. As W€ gee be\OWs
ent. S

ﬁTmS Who enga'ge ’lI‘ Conupt p! aCtices are Char € ‘ 1 1
g a hlgher lnterest e(l 0
I ate, as Con[pal t

the more honest firms.
67‘,'
Y, <0 = reg<rg

(2.6)

4\We take the root with the lesser value. Both the le
’ nders and the borr
owers know,

gax i 3 .
me, and if there exists more than one solution, the lowest among these (viz. th € Tules of the
. e 0ne

the higher effort p ) will be compatible with pareto efficiency. OCiateq with




2.3.2 Asymmetric information equilibrium in the presence of

both adverse selection and moral hazard:

ill
. .. - . Crer s t we Wll
The full information equilibrium does give us a clue into the equilibrium tha

In
r loans-
reach when the banks are unaware of the revenues of the firms who apply fo

considering the separating equilibrium as a solution, we see the following,

Wwers »
. ) . . ) ¢, of bOITO
In the r-c plane, totally differentiate Uy = ((lz_L2 — ¢;) to get in the conteX

@27

ward
. re A0
(7) establishes that the jindifferenn C€ curves of the borrowers in the r-¢ space 2 ke
eCt‘S L0 me

ared ¥© e

sloping, and satisfy the single crossing property. viz. the borrower who exp
unofficial payments and get 2 lower return Y,, has a lower MRS as comP
. - . d c(,'\o
borrower who expects his full yield from the project Y. For a small re u
interest rates, the latter is willing to post more collateral as compared to the formet:
condition f i : I )
Howewver, the other or the existence of a separating equilit>rjym is that
the zero-profit curves for the banks should be flatter than the indifferenc
. . Curves of the
borxrowers. We show that this condition cannot be satisfied and theref0
Te, the
’ t
caxmot be sorted out by the banks. The contracts cannot be self selecteq pes

. and y, have
th e following, [Proof in the appendix].

T1 Non-ezistence of a separating equilibriutn in the credit market

V\"‘}l en collateral is also used to monitor the effort put in by heterogenoug v, orrowers af

i er
A& 1yan contract is accepted, collateral ceases to be a screening device to screen out the
€ X3 jent borrowers from the inefficient. Technically T1 establishes that jp this model, the

o6




Zero-proﬁt
curves of th
(4 banks
: ar
which violates the e steeper than the indiffe
) necessar rence cu

Yy C ie rves of th
What this means i ondition for the exist e borrowers:

s is that in ence of a .

spit separatin gt
form of collateral e of the the bank havi g equilibrium-
ra ] it 1 ln a o, . .
still canxot hav & an addltxona] mStrUment in the
e perfect control
ol. Tt i )
It is not poss1ble for the panks tO

in this cast cannot

separate out S a
g the corr
» corrupt 5
pt firms from the non
-corrupt firm
rms. Collater 1
. k]

n behind this result is

Self‘ 1 Oorro M t )t]()
S. € m

that colla
teral is aki
ak “ i
in to “monitor11g costs” j
In this
model. BY makin

g the borr

S of both

in all thei
r wealth as
collat
eral the banks are
ensurin
g that the entre
preneur
era'\) baﬂks

types pu .
t in maxi
imum effort aft€
r
try to solve the m the contract is a.
c
oral hazard issues which cepted. By taking collat
arise in th
e credit m
arket.
coné\de‘ed

b

of pri

possible. Collateral i private signalling in a sep
s used b aratin el

e Y banks to solve m g ethbrlum

reening, device oral h
to screen azard prob
o le .
equilibrium whick ut the corrupt firms £ ms - it does ™ serve
1 exists i : rom
in this economy is the ¢ the non- corr r
om
plete pooli bt he Only
ing equili
qUIllbri
u

m

) Od y
.

Pooli
oling Equili
ibrium : Th
: e 1
solution to this pooli
ing equilibrj
rium is gi
give
n
A4

CcC=w.

r=HY + (14 v
2 + —
Byw — (Y + (1 + f)w)? + 4(3
w(l-Y —
W) — 1))5y.
WllereY:Y
=Yr-7(Yr-Y
L)

¢
.
le
8
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pooling equilibrium follows the same logic as given in the Full information case (3) and
reneurs

(4). However, since the banks are not aware of the actual yields that the entrep
average yield

get from the project, they have to offer the contract on the basis of the
al infrastructr

that the perceive in the ecornomy, depending upon the v, or the soci
parameter. So, Y is the average productivity in the economy as perceived by the

e as given in the Full

The reason for taking maximum collateral (c = y) remains the sam
in Stag€

information case, where since loax applications cay be rejected by the banks

111, therefore in equilibrium, no aPpPlications with ¢ « w will be forthcoming-
hen given

For ease of computation WLOG? assume §=1. The pooling equilibriv™® is
by

V&Y

c = w.

09

r = ];{?'*‘211)—[?2 4 1
2 —+ w—4]2}.

¥, the average yield of the project in the economy, is defined as bof,
» 18 de fore.

2_4 Social Infrastructure and Credit Ratiox,

We pow introduce another form of heterogeneity in the model. We ass
at inqgjy;
vid-

Uz ]y (Jiffer in wealth (w). This heterogencity 1s obscrvable and differen
TICes i ¢}
1C we,
alth

Of  },orrowers is public knowledge. We assume that the wealth is distri, ¢
uted ag
Per a

S5 < 1 is the necessary condition for 3 of a separating equilibrium in a risk n \
ey i
tral envxronment

PrQQf of T1 shows that even when @ € (87, 1) a pooling equilibrium pareto dominates. Theref,
. erefore we

Caaxy pgsume = 1, WLOG.







c.d.f F(w). We retain the assumptjo, of all wealth being used @S COllatera/ jp borrowing

enders sify borrow .
L can now classify ©IS as per risk, op the basis of an observable indicator,

t .
the wealth they have to post as collateral. Given that collateral is positively associated
with effort (and negative\y associated With risk), the banks classify the poor borrowers to

. L . . Thi.
be riskicr than the rich borrowers- his Classification letermines the interest rates that

will be Charged to each class. We also get ¢he familiax result| ates

10] that the interest T

jn this economy are negatively related to the wealth that can be posted as collateral.
ep

There exists credit rationing in this economy, such the all b below the critical
orrowers

wealth group w* do not have access to credit. We cany oof in the

show the following, [PT
appendix]:
P1  In a pooling equilibrium in the credit market, the s cial infrastructure
of the economy determines the critical w*, yhich defines the extent of credit

rationing in this economy.

The intuition is straight forward - given the social infrastracyy e pararneter -, £ an
economy, collateral is used then in monitoring the effort exerted by the ey 0
in gych an economy. Entrepreneurs posting more collateral are seen to £ s
€ safer
1rrespective of their actual returns from the project and are charged lowey intereg, r Fisks,
() also determines the critical wealth group w™ (calculation in the PPendiy) be] -

W hich no lending will be done by the banks. All borrowers having wealth less ¢, eloy,
Irregpective of their actual yield from the project, will be rationed from t},e credit mg ) t |
e

"This will occur in spite of the fact that lending is socially optimal. 1t jg perceived 1,
Y the

L &Y “ux ks that lending to this group does not make the banks break-eve, at any interes
rate,
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w* is & function of the social infrastructyre index of the economy ~. Higher the value
of this parameter, greater will be the Proportion of the population that will be barred
from the credit market. A high v meang that g greater pmponion of firms have to
indulge in bribery and other unofficial paymen this indicates the quality of the social

‘LU . e s
infrastruCture in the economy. The fore, given a distribution of wealth in the economy,

the extent of credit rationing is T€Aer when the Social infrastructyre of the economy is
poor (7 is high). The banks will then play safe by, lending il i s o
0 the wealthier gro’

having sufficient collateral. This is shown in the di agram be]

OW where the interest rates
in the economy are negatively related to the amoumnt of we, !

i i alth Posted as collateral, given

and

the economy’s social infrastructure indicator present in 7 W i
ith a decrease 1 7>

thereby an increase in Y. there is a shift of this curve to the lef, et o A
: t iven distribution
- For a given

Y decreasing

"

Figure 5: Infrastructure and Credit Rationj
1n




of wealth, lower the social infrastructure Parameter +, both the cost of funds r and w*,

the critical wealth level below  which borrowers are barred from borrowing, is reduced.

The extent of credit rationing of borrowerg below 3 w* thus depends upon the social

infrastructuye indicator of the economy.

2.4.1 Effect of a decreas€ in the Parameter -

From the scction above, it is now €asy to concludqe about th, cffects of policy driven
initiatives which reduce 7, the proportion of firms who have €0 resort to unofficial pay-
ments and corruption, viz. the size of the ‘shadow- > or unofficj 4 economy.

P » ough the int erest
(a) There are the price effects throug rates. VVe see that % > 0. So

with a decrease in the parameter 7, the cost of borr owing ip, the economy iS reduced.

Therefore, this result suggests that economies ranking low op thQ corruption index would

also be able to obtain funds at cheaper rates than those econg,

ies which are plagued by
corryption and rent seeking activities.
() There is also an “entry” effect, related to the extent of cr

th t off w* is reduced tiof’?)’
: in v, the cut off w reduced, g; .
Oomy. With the decrease in 7y Nee " & i

Tatjoning is a possible outcome in many models of asymmetric ing ]
01»02
i ; W .
11ity i i esence of corruption, ineffigje;, . ) )
bil; ty is made severe in the pr , cncies 5, N \ o
ich hamper the firms fr b’e,b
I&\vs and all those factors which hamj om COnduCting t -
i i Cir b of
Ty 1erefore policy initiatives to reduce y will ameliorate the degree f ero.s y hesses

Sy <h economies .

These results are inlportant because they suggest that as aSyxnnletr- .
’ 1C info,
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eof information
edit market are made more realistic to include a ralzg in the form of
models about the cr for private signalling is reduced. Public signa!s il then be
. . ices wi
asyIMMetries, the SCOP frastructure, and the Quality of bureaucratic service .
. infras o
Jaws and regulations, 1 ine the extent of "vestment, in ax economy. The
determ
increasingly used to

and
3 wor\d, they exp

in the fact that i 5 imperfect,\y informed w

ic signals lies in

h pPublic signa

of suc

2.5 Conclusion

ions to
Dossible exp anation
pro ide one among the many ssibl 1
f this paper was to
] 1
The aim o pap

. untry
investrment levels | SO higher in 2 €0

the reasons for inve ing

) t are

common query: Wha

as co ar i h.
mp ed to a COuntr e ?

in this
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arket. [t 1S {a'\r\y clea.r
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; uilibrium anq t
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and moral hazard, I also show that in the re ’3¢10121'ng jI)
es. In this paper “ence
ilibrium incre - ignals ¢
cauil information structure, private signals cay, get Obfys,
ic in

asyminetric 1 .
layrered . on public signals. An cfficient lega) ang jllriih_ 2q here
Wil] pe a greater reliance ity of public servijee. al Wste
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Srnoothly
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2.A Appendix:
1. Proof of T1:
The slope of the indifference

U:i, which is given as follows,

d‘r i

dC,’ (borrowe‘r‘s)

denoted 35 p*,

The jsorevenue curves of

Ry, =

dr
dc (banks)
OR,
“dc
OR,
or
OR,

o

of f

Ccurves

Ui‘i — ()/‘l — Ty “+ C,)z
Ciorep

(K‘?‘i +Ct)

the banks is given by~

pri+ (1 — P*)Bc;
_9R,
dc
ory
or
op*
Jdc
op*
or

0 ff (Ti—.BCi)<p'

*

Ti —p
&

(ri =Bc)+(1 — pH3 > 0

(ri—Bc)+p* =0 Sinee

1>3>

>0

m ther . . plane is given by totally differentiating;

"Ze (01).

apt
5= < 0.

Whjch puts very stringent conditions on the returns frop, the
Droject V

G 1~ven the above, there is an

2(ri—c)<Yi< (2r; - ¢)

additional condition on g,

*

ry—p
Ci

1>3>

=g
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Given the two conditions on ¥7% and g above, we will have the isorevente Curve of the

banks negative in the 1-c space -

dr . [(1 e
dc (banks) —W (2.12)

P = (i - Bey)
Given that both the indifference CHIVES of borrgye .« 24 the isorevenue curves of the

banks aTr€ negative in the r-c space, the necessary condition for the existence of a sepa-

rating €qQuilibrium is that

dr
dc

[z,
(banks) d ( owers) (2.13)

i.e. thie indifference curves of the borrowers should be ste
epcr s 1
In the r-c space than the

isorevenue curves of the banks.

drl _ 1-p
dc (borrawers) p.
dr — B(l_P‘)ﬁ—(T,\B
de B Pt — (ri — Bc; Q\‘)
(banks) i C,)

We now show that 2.13 above cannot be satisfied. Taking th
<
terms, we see that p* — (r; — Bc;) < p*. Therefore, the ne
existence of a separating equilibrium depends upon the valye
o

£ th Q/’t'
e 200);]
the terms. Which is, Nuy, for the

Bl-p)+ri—-Pc < 1-p

p < %
(l_p‘)‘c,-

W ea know (1 —p%) —r; <0, since r; is the gross interest rate and thereg
re Ore

> 1.
Y =y ing the denominator of the RHS. we now have to consjder two p herefore
OSsibilit
€s

’(1\1)‘)\
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if 1-p)-a>0 = pg<g

if (Q-p)-a<0 = g >1 (since |1_pi,1”i\>\1"pi_cil)
Which iS & contradiction to our asSUMDPtiop A 3. Therefore, even i the isorevenue curves

of the bPank turn out to be negat1Ve 1n the r.

C space, a SepParating equilibrium cannot
exist as they turn out to be steeper than the indifference CUr~reg of the borrowers B

II. Proof of P1 :

or -1 1
—=1l-—
Ow (Y +4ew — 4)3 (2.14)
Inorder to prove that % < 0, we have to show thhe fo]]owing’
0<Y+4w-4 < 1. 215)
Note that from the definition of r given in (7), we have
Y —9(r — w) > 0, which follows from the proof of T1. And it
U,
. s £
of p* that 0 <Y + 4w — 4 < 1. So, we see that, rob) "
€ dofe.. -. .
or ®fnitiop
a—w' <.

Gi V-en a distribution of wealth F(w), there is no solution t, (7

Y +4w-4<0.
T X 5 defines the cut off w* for which there is no solution to (7), anq ;, .
s 1t is 8ivey by
e Yr-y(Yr-Y;)
wEls
(217
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What this means 18 that that below a collateral level of w*, banks are not willing to

lend since they cannot break <€Vven on such contracts. Therefore, all agents with wealth

e [0, w*] will not be able to borrow even if they want to. As we S€€, Q“;"; > 0. Therefore

the critical point of credit rationing gets lower With a reduction i the parameter ~ m
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factor explaining trends: There could be a common factor that causes chan &es in both
ir frastnycture and the output that Ni€eds to be included. Gramlich in his review, essay cited
above gyggests that gasoline Prices which led to both, a reduced demand for
ractors/trucks and thereby a reduced demand for highways and to a lower output in the
1970°s should be factored into this link. (b) Reverse Causality: Another important
“Oncern has been endogeneity and the direction of causality between infrastructure and
®Utput. While infrastructure may affect productivity and output, economic growth can
also shape the demand/supply of infrastructure services which could lead to the
OVere sstimation of the returns to infrastructure. While common trend is a potent problem
In thee studies which use time-series data, the cross section studies do arrive at more
Sensi&>le measures ranging from an implied rate of return equal to the rate of return on
PriV & te investment (on the higher side) to zero (on the lower side). But cross section data
also 3 s not immune from the problem of reverse causality. In addition, in the cross section
stucA j es heterogeneity is another problem. There could be an overstating of infrastructure
MY acts by confounding intrinsic state/nation productivity differences with the variation
N 3§ nfrastructure capital. Taking state level data for example, because prosperous states
WO uld tend to spend more on public capital, there will be a positive correlation between
State specific effects and public sector capital (Holtz-Eaken, 1994). However neither the
time series not the cross sectional studies explain the mechanisms through which
infrastructure affects growth. Unless such “micro” links between infrastructure and
8O wth are uncovered — it will be difficult to understand the complex aggregate
rel ationship. Thus these results suggest two kinds of agendas for future research in this

area: (a) detangling the endogeneity and heterogeneity issues econometrically using more
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disaggregate data and (b) MakiNg the microeconomic linkages between Proviion of
ira frastructure and the nature of the production process more precise. It will be crucial to
KX0w how other variables that affect growth work through infrastructure.
This paper tries to fill the gap as regards agenda (b) by using disaggregated nation
Wide firm level data based on the World Bank Business Environment Survey (WBES,
2000). It tries to show how infrastructure can crucially affect the ease with which firms
€an obtain funds from the capital market. The theoretical underpinning of this link is
based on the analysis of public inputs in the context of asymmetric information, where
infTaStructure provision is seen to reduce the heterogeneity among firms. This reduction
in he=-+terogeneity has a crucial impact on the capital market, which is besieged by
Impew-fect information. Infrastructure is seen there to reduce the costs of asymmetric
infox—wmation and improve the equilibrium in the capital market.

Regarding empirical studies on these infrastructure-financial sector linkages, there
haxv & peen some cross-country studies bringing out the link between infrastructure and the
fiss aancial sector. Cross-national studies considering the impact of infrastructure on
41 € ferences in the FDI flows (Globerman / Shapiro, 2002) find that FDI inflows respond
PO sitively to good governance infrastructure and human capital. In a more detailed study

'€ garding physical infrastructure and capital flows, Mathias Hoffman (2003) shows that
di Fferences in information and transport technology is able to explain cross country
Variations in FDI and debt positions of countries . Sectoral studies focusing on rural
in Frastructure’s impact on the local economy in certain developing economies have
T®~\ ealed more about the infrastructure — financial sector linkages. Studying dat# over

i';me from 85 districts in 13 Indian states, researchers found that improved
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COMmunjcations (through roads) lowered the banks’ costs of doing bUSi“ess Banks
e><Panded lending to farmers and thereby increased farm output (Binswanger, ©t ¢} 1994).
This study differs from the above in several ways. It uses firm-leve/ data to

CaPture the link between infrastructure provision and financial constraints. The data is
Qualitative, based on the responses given by firms to questions regarding the difficulties
fa(’ed by them with respect to infrastructure provision and obtaining finance. Using this
Sun,ey data from some 10,000 firms spread across 80 countries (The World Bank
Usin ess Environment Survey, 2000) this study tries to capture the nexus between these
inﬁ'astructural and financial constraints facing firms. Using both Ordered logit and
Ordet‘ed Probit estimates, it concludes that taking care of all region specific and firm
Speci Kic differences, firms facing high infrastructural constraints are most likely to face
highy  ffinancial constraints as well. More specifically, this link is seen to be stronger in the
CaS€  of (i) firms in low income, developing countries as compared to high income

dex- < loped countries (ii) smaller sized firms as compared to the larger firms.

3.2 Data and Methodology

The World Business Environment Survey (WBES 2000) was administered by the World
Bank in roughly a parallel fashion to enterprises in 80 countries and one territory
throughout the world, as basis for making regional comparisons of investment climate
arnnd the business environment conditions. The World Business Environment Survey
(W BES 2000) is a survey of over 10,000 firms in 80 countries that examines a wide

fAan ge of interactions between firms and the state. Based on face-to-face interviews with
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firm mapagers and owners 1N late 1999 and early 2000, the WBES
8Senerated
TR easyrements in such areas as COTTuption, judiciary, lobbying, investment clixy, ate and the
QUality of the business enviroliment. This survey thus tried to capfure the firms’
PEreeptions of key constraints in the business environment. Among the constraints faced
by the firms were those relating to (a) Finance and (b) Quality of public services. Finance
¥as the second leading constraint for most firms. At least 50% of the firms in all
de"eloping regions cited financing as a serious constraint, only 40% of the firms in
OECD countries found it to be so. Finance as a constraint was more important to the
Small  and medium enterprises in the survey than to the large enterprises. Another key
dimewnsion of the business environment was the quality of public services. WBES
©Xplcred both the overall efficiency of the government in delivering services and the
quall ty of individual services. Nearly two thirds of the firms in Central Europe, Latin
A e=rica and CIS countries and nearly 60% of the firms in South Asia report that
8O @mment is inefficient in delivering services.

To get an idea of this nexus, table 1 shows the correlation between financial
COmistraints and infrastructure constraints. Taking the subset of private, domestic firms
(state owned firms and foreign firms were dropped out) it is seen that while 35% of firms
facing no infrastructural constraints reported they had no financial constraints too, while
Omnly 7% of the firms facing major infrastructural constraints reported that they no
firancial constraints. A test of the null hypothesis using Kendall’s tau-b that financial

COmnistraints and infrastructural constraints are independent was rejected.” The Kendall’s

tawa-b was more significant when this test was done disaggregating the data by firm size.

? _I(endall‘s tau-b = 0.2441; Kendall's score = 3654854; SE of score = 157568.200 (corrected for
f1es); Test of Ho: gef and infr are independent; Prob > |z| = 0.0000 (continuity corrected)
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S1mal] sized firms showed a STONger correlation betWween infrastructure Ing financial
14,

C ©Nstraints as compared to the m€dium sized or larger firms.

"I able 1: Correlation between Financial constraints and Infrastructure constraints
general |
constraint - | general constraint - infrastructure
finance | no obstac minor obs moderate major obs |
TN e o o-- g tmmmm -
no obstacle | 671 218 146 77 |
m i nor obstacle | 319 401 254 109 |
MOde xate obstacle | 414 579 524 262 |
M & jor obstacle | 530 619 650 633 |
e U g S gt o=
Total | 1934 1817 1574 1081 |

Pearson chi2(9) = 799.3153 Pr = 0.000

1 3 welihood-ratio chi2(9) = 750.6341 Pr = 0.000
Cramer's V = 0.2039

gamma = 0.3313 ASE = 0.014

Kendall's tau-b = 0.2441 ASE = 0.010

3.3 Regression Estimates

For getting the regression estimates, the methodology followed was thus: It is being
hypothesized that the financial contracts obtained by the firms is determined by firm
specific factors - its size, debt, sales and asset position, its future prospects; region
specific factors, namely the political situation in the region the firm is situated, the
monetary and fiscal policies of the region, and the infrastructure situation as

perceived by the firms. So the financial constraints faced by firms was regressed on
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(2) infrastructural constraints (b) firm specific factors which det«:ermiqe fnancial
[rancia.

Contracts, specifically — value of sales, fixed assets, debt (all taking Togs), size
characteristics, firms’ perceptions about past and future sales, investMents and debt
Values and (c) region specific constraints which could influence financial contracts,
Viz. the ranking of the nation regarding income, the fiscal and monetary policies of
the country, the political instability of the region, the quality of central government,

and the corruption levels perceived by firms. (A detailed definition and description of
thie variables used is given in App. A). Tables 2 onward show both the ordered probit
arad ordered logit results. We are interested in the relation between the dependent

V =ariable being the financial constraints facing the firms (gcf) and the infrastructural

C <Onstraints facing them (infr_d).

Ta.b We 2: Ordered probit estimates on the General Financial Constraints (gcf) facing
PRI site/domestic firms (WBES,2002).

NuTO\her of obs = 3367; LR chi2(24) = 642.34; Prob > chi2 = 0.0000;
LO<y j1ikelihood = -4047.7911; Pseudo R2 = 0.0735

gcf | Coef. std. Err. z P>|z]| [95% Conf. Intervall]
- i — + —————————————————————————————————————————————————————————
e’Q'untryl | .4318122 .08244 5.24 0.000 .2702328 .5933916
eQ‘untry2 | .353737 .0630527 5.61 0.000 .230156 .4773181
qgov_d | .1161673 .0407323 2.85 0.004 .0363335 .1960011
gcpi d | .06682  .0475951 1.40 0.160 -.0264647 .1601047
infl_d | .1088632 .0474302 2.30 0.022 .0159017 .2018248
t3::!:09_(1 .3476044 .0525174 6.62 0.000 .2446722 .4505365
gcorr_d] .2406343 .0434523 5.540 0.000 .1554694 .325799
thm_regd] .1709161 .0447298 3.82 0.000 .0832473 .2585849
sizel | .2976406 .0696898 4.27 0.000 .1610512 .43423
size2 | .2424178 .0669084 3.62 0.000 .1112797 .3735559
lnvsal |.0030652 .0108683 0.28 0.778 -.0182363 .0243668
1nvfas |.0135233  .0111458 1.21  0.225 -.0083221 .0353688
A nyvdebt |-.024300 .0078258 -3.11 0.002 -.0396385 -.008962
£n re |-.000853  .0005122 -1.67 0.096 -.001857 .0001506
sal d |-.037877  .0528281 -0.72  0.473 -.1414185 .0656638
Salf d |-.021899  .0546672 -0.40 0.689 -.1290451 .0852465
inv d | -.124489 . 045451 -2.74 0.006 -.2135713 -.0354066
invf d |.0746657  .0485123 1.54 0.124 -.0204167 .169748
lab d |.0570087 .044256 1.29 0.198 -.0297315 .1437488




labg g | .o0132838 .0445656 0.30 0.766 _.0740635
debt_q | .2412359 .0469151 5.14 0.000 .1492839 '3%05303
<debf q | .1342956 .0472459 2.84  0.004 .0416955 il
afs d4 | -.064562 .0432783 -1.49 0.136 -.149386 20900
Angr g | .3772739 .0426074 8.85 0.000 .293765 .4607828
RV i e T ~ e __
cutl | .2318569 .1232675 (Ancillary parameters)
cut2 | .8395603 .1236247
cut3 | 1.66778 .1251726
gcf | Probability Observed
B E R e
No obstacle | Pr ( xb+u<_cut1l) 0.1491
lhor obstac | Pr(_cutl<xb+u<_cut2) 0.1571
ofierat:e obs | Pr (_cut2<xb+u<_cut3) 0.2839
Qor obstac | Pr (_cut3<xb+u) 0.4099

Table 2.1: Sample Statistics of the Financial Constraints facing firms : Probit Model

Pr (gcf==1)
Percentiles Smallest
1% .016805 .0085028
5% .0264117 .0111069
10% .0363703 .0113076 Obs 3382
25% .0611312 .0114367 Sum of Wgt. 3382
50 % 1117227 Mean .1486163
Largest Std. Dev. .1181638
75 % .1996599 .6491151
20 = .3180288 .6966723 Variance .0139627
9SS 5 .3877719 .6983643 Skewness 1.44125
9o 5 .541106 .7171385 Kurtosis 5.047452
Pr (gcf==2)
Percentiles Smallest
Ay .0478262 .0291266
Ss .0655686 .0354702
104 .0812925 .0359377 Obs 3382
Rs g .1130827 .0362371 Sum of Wgt. 3382
SOy .1593029 Mean .1577637
Largest Std. Dev. .0550815
TSy .2067256 .2387582
S0% .2321494 .2387586 Variance .003034
OIS % .2374023 .2387588 Skewness -.1749869
Yoy .2387057 .2387591 Kurtosis 1.907029
Pr (gcf==3)
Percentiles Smallest
REEY .1613007 .0963894
Sy .2018408 .1045309
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1 0% .2274336 105273 Obs 3382
=2 Sy .2650309 .1264649 Sum of Wgt. 3382
S 0% .2979814 Mean .2847372
LaTrgest Std. Dev. .0388117
7 S% .3158797 .3212062
290y .320386 .3212062 Variance .0015064
9 S% .3209755 .3212062 Skewness -1.374217
99% .3211944 .3212062 Kurtosis 4.538319
Pr(gcf==4)
Percentiles Smallest
1% .0618846 .0222005
2 St .1249089 .0252547
250* .1678479 .0255418 Obs 3382
4 .2765617 .0344667 Sum of Wgt. 3382
Sos .4135177 Mean .4088827
75 Largest Std. Dev. .1745411
% .5435668 .7994395
S0% .6400273 .8006518 Variance .0304646
95% .6916173 .8025514 Skewness -.0359967
99% .7545248 .8291127 Kurtosis 2.169749

T“P le 3: Ordered Logit Estimates on the General Financial Constraints (gcf) facing
Pr i~ ate/domestic firms (WBES, 2002)

Ntl‘“nﬂoer of obs = 3367; LR chi2(24) = 637.53; Prob > chi2 = 0.0000;
Log likelihood = -4050.1943; Pseudo R2 = 0.0730

75

gcf | Coef std. Err z P>|z| [95% Conf. Interval]

B PSS U PR U D I et I it et I it I
S <untryl |.7526405 .1378575 5.46 0.000 .4824448 1.022836
S <untry2 |.5926867 .1040164 5.70 0.000 .3888182 .7965552
ggov_d |.2097505 .0682455 3.07 0.002 .0759917 .3435092
gcpi_d |.1136429 .0797983 1.42 0.154 -.0427588 .2700447
infl 4 |.1775468 .0794326 2.24 0.025 .0218617 .3332319
txreg d |.5747604  .0882174 6.52 0.000 .4018574 .7476633
Sgcorr d |.3910674 .0731885 5.34 0.000 .2476206 .5345141
tilldhq_regd|.2767492 .0751361 3.68 0.000 .1294851 .4240132
sizel |.4979607 .1162416 4.28 0.000 .2701315 .72579
size2 |.4163502 .1116201 3.73 0.000 .1975788 .6351216
1nvsal |.0029228 .0182491 0.16 0.873 -.0328449 .0386904
Anvfas |.0232014 .0187301 1.24 0.215 -.0135089 .0599117

A nivdebt |-.038626 .0132012 -2.93 0.003 -.0645 -.012752
fn_re | -.001455 .0008634 -1.69 0.092 -.0031471 .0002372
sal_d | -.038096 .0890218 -0.43 0.669 -.2125754 .1363837
salf_d |-.048070 .0918659 -0.52 0.601 -.2281242 .1319836
inv d |-.231266 .0765298 -3.02 0.003 -.3812618 -.0812706

invf d | .110892 .0815559 1.36 0.174 -.0489547 .2707386
lab 4 |.0877375 .0740175 1.19 0.236 -.0573341 .2328091
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4 |.0292579 -07459682 0.39 0.695 -.1168775 1753935
debt 4 |.4010898 - O7 ; 6 5.14  0.000 -2482204 -5539592
debf_q |.2233626 -0785444 2.84  0.004 -06941-83 3953068
afs_d |-.118261 - 072264 -1.64  0.102 - .25989 57 0231
infr 4 |.6261608 0717253 8.73  0.000 -485582 76 139
_________ hmmmmmmmmm T = o —ee-—— ____ 1667398
cutl |  .3430544 205876 (Ancillary o, TTT-- -
cut2 | 1.396923 .206 6047 Darameters)
cutd | 2.765965 .21 06662
gcf | Probability —-E)bs;-r;ed T
......... I T
no obstacle | Pr( xb+u=<_Cuty) 0.1491
minor obstac | Pr(_cutl<xb+W1<_cuty) 0.1571
moderate obs | Pr(_cut2<xb+U<_cCut3) 0.2839
major obstac | Pr(_cut3<xb+u) 0.4099

Table 3_1: Sample Statistics of the Financial Com s traints facing firms : Logit Model

1%

5%
10%
25%

50%

75%
S0%
95%
99%

1%
5%
10%
25%

50%

75%
90%
95%
99%

1%
5%

percéntjle o
.14 72111
.1865354

Pr(gcf==1)
Percentiles Smallest
.0270871 .0172355
.0367092 .0208478
.0467015 .0213558
.0695522 .0214369
.1132746
Largest
.1912138 .6548852
.3057353 .6909783
.3768308 .7020864
. 5394117 .7193993
Pr(gcf==2)
Percentiles Smallest
.046874 ¢ .0306657
.0618392 .036716 3
.0765187 .037557
.107023 9 .037691 1
.1549103
Largest
.2124117 .2575355
.2475532 .2575355
.2554116 .2575355
.257455¢6 . 2575357

Obs
Sum of wgt.

Meax
std . Dev .

Var i ance

Skewmness
Kurtosis

Oobs

sum o f Wgt.

Mean
std. Dev.

variance
Skewness
Kurtosis

3382
3382

.1489362
.1114103

.0124123
1.590841
5.713092

338>
3382

.15847¢5
.0621099

.0038576
.0388674
1.871254

.
| p. T



6
10% .2155495 - OfoZ:M Obs 3382
25% .2589253 -1 28 Sum of Wgt. 3382
50% .2990818 Mean 2843154
Largest Std. Dpev. 045 9639
75% .322472 .3294934
90% .3282984 .3294937 Variance 002 112..’
95% .3292058 .3294939 Skewness 1.20 g g,
99% .329472 .3294939 Kurtosis 3.85q
17
pr(igcf==g4)
Percentiles Smallest B T —~.
1% .0703788 0334269
5% .127874 036258
10% .1675938 .03813 99 Obs 3382
25%
.2727394 .04463 85 sum of wgt . 33
50% .4097037 Meaxs .408278
Largest StA . pev. .1761218
75% .5425661 .8018758
90% . 6441087 .8024908 Vax 3 ance .0310189
95% . 6993946 .8063595 Ske wwness 0231892
99% . 7610283 .8348624 Kur tosis 2.120622

. . the
Tables 2 and 3 indicate that both logit and probit mmodels predict that
) - . . L. edit
infrastructural dummy (infr_d) is positively sigmificant In  determining the
“Other

difficulties faced by firms. The estimate on infr_d being POSitive indicates that

things being equal™, those firms who faced major infrastructural difficulties had a higher

probability of having moderate/major financial constraints and a lower Pprobability of

firms having

having no/minor financial constraints, compared to N0 or minor

infrastructural diffjculties.

. . c” fa L
The two models also suggest thuat among the “‘region Spemﬁ Ctors determ;mng

credit constraints: Both low income and middle income countries had a greater
probability of having major financial constraints, as compared t© high income Count.nes,
(The coefficient was pigher in the case of low income countries in corpparison © .mnddle
income countries, Indjcating that Ceteris Paribus, firms in the low income€ countries had
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the highest probability °f ¥1@VN& major financial constraints). Other region specific
factors which turn out to be significant are the dummy for quality of Central government
(qgov_d), the inflation dummy(infl d) the dummy for taxes and regulatiops i ac
Ountry,
(txreg_d), the dummy for corruption (&<orr_d), and the dummy for tax Admijp;
| . . Tustration an oy
regulations (tadm_regd). Other things being equal, those firms which £
o _ aced poor quality,
governance, high levels of inflation, high corruption, and constrictin
- 8 tax laws and ta>
administration had a higher probability of having moderate/major financjal constraints.
and a lower probability of having no/minor financial constraints. The dummy for political

instability (gcpi_d) turned out to be insignificant i Wooth the models.
: d all
Regarding the “firm specific” factors, the si=e of the firm (sizel and size2) an

. ast
the debt variables, log of the value of present debt and the firms? perceptions of the P

) and
and future debt levels turn out to be significant (lmwvdebt, debt_A and debf_d)- Small
. . ints
medium firms have a greater probability of having imoderate¢/major financial constrait
as compared to large firms. The firms® existing debt position (Invdebt) is negatively

significant in both models. Those firms who had higher debt values had a lower
probability of having major/moderate financial constraints 8 compared to  f5yg who had

lower debt. Also those firms who had increased debt in the past 3 yearsang expected an

. . e MOre 13
increase in their debt levels over the mext 3  years Wer kely to have

) hose €Xistin
moderate/major financial constraints. “his suggests that firms W g debt values

were low, and who were expecting to bormoW in the future aré¢ the ones who are most
likely to say that financial difficulties are greater- The dummy for increased investment in
the past 3 years (inv\d) is negatively si gnificant in both models, meaning that those firms
whose investment Je | increased in the past 3 years had a lower probability of having
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major/moderate financial constraints, as compared to firms whose investment levels did
not incCrease.

A display at the bottom of tables 2 and 3 show how the probabilities for the
categories were computed from the fitted equation. Notwithstanding the differences in the
coefficients between the logit and the probit models, the predicted probabilities are
similar, so in this case it does not matter which model is being used.

Table 4: Overall Probability of having financial constraints: Probit Model

CALCULATED AS CALCULATED FROM
Mean Of‘lpdiVldllal Mean of Determining
probability of probabilities (p) variables (q)
having
No financial .1486163 .1209111
constraints
Minor fin. .1577637 .1658946
constraints
Moderate fin. .2847372 .3178739
constraints
Major fin. i .4088827 .3953204
constraints
Table 5: Overall Probability of having financial constraints: Logit Model
CALCULATED AS CALCULATED FROM
Mean of individual Mean of Determining
pProbability of Probabilities (p) Variables (q)
having
No financial .1489362 .1212659
constraints
Minor fin. .1584705 .1623435
constraints
Moderate fin. .2843154 .3252247
constraints
Major fin. .408278 .3911659
constraints
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Tables 4 and 5 show the sarmple statistics of the financial constraints facing the firms,
generated form the individual probabilities of the firms, using both probit and logit
estimates. The mean probabilities (p) in the case of the logit and probit models are shown
in the column 1 of tables 4 and 5 (Mean of individual probabilities, p). They are similar
and after rounding off, and are €qual to 15%, 16%, 28% and 41% respectively for the 4
levels of fimancial constraints. “These estimates can be compared to the actual sample
proportions shown by the data. The sample proportions of the firms having
no/minor/moderate/major financial constraints are 17.06%, 16.87%, 27.83%. and
38.24 %. The mean probabilities of both the logit and the probit models are thus close to
the sample propor_tions.
There is an alternative way of calculating the mean probabilities and this leads to
a different outcome from those set above. The intuition behind this method is
constructing a “straw firm” which has the mean value of all the determining variables,
and embodies the average attributes of the sample. This method by-passes the individual
probabilities, and calculates the probabilities directly as the probability faced by this
“straw firm”. These are given for both probit and logit in column 2 of tables 4 ang 5
(Mean of determining variables, q).

Two features of this table are significant. First, for any two ways of computing
marginal effects there was hardly any difference between probit and logit probabilities.
Second, for any one model there Was considerable difference between the probabilities
calculated in the two different ways. The probability of having no financial constraints
and major financial constraints is higher when the probabilities are computed as the mean

of the individual probabilities (p) than when they were computed from the average
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characteristics of the firms (q)- This is not surprising_ Both these rankjngs are the result of
possessing “extreme” values of the determining variables. This influence of the extreme
values is dampened when the individual values are set equal to the sample averages. On

the other hand, the extreme values are allowed full play when the individual values are
used in probability calculations.

3.4 The Infrastructure - Finance link
The effect of the dummy variable (infr_d) should be analyzed by comparing the
probabilities that result when the dummy variable takes one value with the probabilities

that are the consequence of it taking the other value, the values of the other variables

remaining unchanged between the two comparisons.

Table 6: The effect of Infrastructure on the probability rankings of financial

constraints: Probit Model

CALCULATED as: CALCULATED as:
Mean of individual Mean of Determining
Marginal Effects. Variables.
probabilities | Infr_d =1 Infr d =0 | Infr d =1 | Infr g = 0
(gcf) B
No financial .0994008 .172585 .0796417 .1514553
constraint
Minor fin. .1317345 .1749444 .1322767 .1848717
constraint
Moderate fin. .2768532 .2954325 .299424s8 .3211955
constraint
Major fin. .4920115 .3570382 .4886568 .342477s
constraint
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Table 7: The effect of Infrastructure on the probability rankings of the financial
constraints : Logit Model

CALCULATED as:
Mearn of individual

CALCULATED as:
Mean of Determining

Marginal Effects. variables.
probabi lities | Infr_d = 1 Infr d = O Infr d = 1 Infr d = 0 ,
(gcf)
No financial | .1033321 .1707017 .0851831 .14833
constraint
Minor fin. .1296224 -1767693 .1256266 .1848381
constraint
Moderate fin. .2749876 .2969861 .3014354 .3294875
constraint
Major fin. .4920579 .3555429 .487755 .3373444

constraint

This methodology is now used to analyze the effect of the infrastructural dummy on

the ranking of the firms as regards financial constraints by comparing the different

probabilities in which infr_d = 1(firms have major/moderate infrastructure constraints)

with the situation in which infr_d = O(firms have minor/no infrastructure constraints)

This methodology can be again implemented in two ways:

@) In the first method, we start by making all firms in the sample have high

infrastru

ctural constraints. We then calculate the individual probabilities under

this hypothetical situation. These probabilities are given in column 1 in table 6

and 7 under Probit and Logit models respectively. Then we suppose all firms

in the sample have no infrastructural constraints, the individual probabilities

under this second hypothetical situation is given in cols 2 of table 6 and 7. The
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difference between the cols 1 and 2 therefore the difference in the individual
probabilities with the infrastructural constraint “switched on” and “switched
off” respectively, with the value of no other variable altered.

(ii)  In the second method, we compare the probabilities that result when the
dummy infr_d takes 1its two different values across all the firms in the sample,
with the values of other variables, in each case, held at their sample means.
This method thus compares the “straw firm” who apart from infrastructural
constraints embodies the average characteristics of all the firms in the sample
and who has infrastructural constraints in one scenario and no infrastructural
constraints in another scenario. The estimates of the four probabilities, of
having no/minor/moderate and major financial constraint can be compared

under the two hypothestical situations — first, when this firm has infrastructural

constraint and second, when it doesn’t (columns 3 and 4 of table 6 and .
As we saw in the earlier tables, two features of the tables 6 and 7 are significant. First, for
any two ways of computing the marginal effects there was not much difference between
the logit and the probit models. Second, for any one model, there was considerable

difference in the probabilities calculated in the two different ways. The probability of the

firms having both no and major financial constraint was higher when the probabilities
were computed as a mean of the individual probabilities (method (i)) than when they
were computed from the average characteristics of the sample (method (ii)). This is
because in the latter method, the influence of extreme values is dampened when
individual values of the determining variables are set equal to sample averages. Barooh,

VK (2001) suggests that the critical question is how the values of the other variables are
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to be held constant, when the dummy variable of interest takes two different values. The
second method assigns to each firm the values of the sample means. The common value
assigned could be the median, in which case there will be different outcomes. The first
method on the other hand calcCulates the mean from the individual probabilities and
therefore realizes a unique outcome under the two scenarios, in terms of the mean

probabilities.

Table 8: Finance as a constraint for Firms by difficulties faced as regards

Infrastructure.

PERCENTAGE OF FIRMS THAT HAVE:

No Minor fin. Moder ate Major fin.
financial constraints fin. constraints
Constraints constraints
All firms 17.06 16.87 27. 83 38.24
aAll firms
having 7.5 12.7 26.5 53.3
Infrastructur
al
constraints
All firms
having no 19.2 17 .6 29.4 33.8
infrastructur
al
constraints

The table above shows the summary statistics regarding the Infrastructure-finance
linkage obtained from the data. As we see, row 1 indicates the ranking of all firms re.
Finance constraint ranking. Row two shows the probabilities among those firms who
have moderate/major ranking for infrastructure constraints (infr_d = 1) Row 3 shows the
probabilities for firms where the infrastructure dummy takes value infr_d = 0 (no/minor

infrastructural constraints). As we see, firms indicating that they major financial
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constraints increases consider ably when all firms are facing infras;
Slructura/
Co
N Straines as

compared to when they are not (53.3% as compared to 33.89%

S ). On the other hand, the
percentage of firms indicatir» 2 that they have no financial constrai
raints decrea
ses

considerably (7.5% as comparecd to 19.2%)).

All the tables above txrace ﬂ.‘e effect that infrastructure has on the financi g
constraints facing the firm by analyzing coefficient on the dummy variable infr_d. The
probabi\“y of having a high/low ranking on the financial constraint was different for each
firm having infr_d = 0 than for a firm having infr_d = 1. But this could mean that the

coefficients of every determining variable could be different in each of the two subgroups
considered. In other words, the equation should have been re-estimated allowing for the
coefficients of all the other determining variables to be different in the groups when
infr_d = 0 and when infr_d = 1. In other ways, we have to allow for the fact that all other
determining regressors (the region specific and firm specific variables) could be different
depending on whether the firm faces infrastructure constraints (infr_d = 1) or whether the
firm faces no infrastructure constraints (infr_d = 0).
One way of doing this is to allow for “interaction variables” irn estimating the
©quation. We multiply the regressors by the infrastructure dummy. S0, ~ahen infrr=1,
the coefficients attached to the interaction variables represent the additional contribution
ty these coefficients resulting from the firm having infrastructural constraijnts. This is the

= & ygle equation “integrated” approach.

‘tb]qe second approach is to estimate two separate equations on the two subgroups, one

\\.hich has infrastructural constraints (infr_d = 1) and the other which has no

1 hfrastructural constraints (infr_d = 0). This second approach is summarized in Table 8,
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TGaa—— I
which shows respectively the results of the logit estimations separ.
ately W/)e
n

_ ) _ V77
infrastructure constraints (infr_d = 1) and whep they face no e face

Infrastructura Constraints
(infr_d = 0).
These regressions are s hown below in tables 9 and 10, where the insjoni
: . This i S because the; ) © Insignifican
variables were dropped This isS | €ir coefficients were individually and joint]y
L e P i ]
not significant from zero. This 1s an Important methodological point: When €quations are
used for prediction should they contain all the variables, even though some of the
coefficients may not be significantly different from zero or should they contain onj
those variables with significantly non zero coefficients? One argument is that jf oney
believed a priori that a variable had a legitimate place in the equation specification then
one should persist with this belief and include it. The other argument is that the purpose
and of estimation and prediction is to confront equation specification with data, to base
predictions on the coefficient estimates obtained from full specification may be
misleading since it would allow variables whose legitimacy in the specification had been
“rejected” by the data, to influence the predictions (Borooah, 2003). So , while Table 8

summarized the estimations based on the whole set of variables, tables 9 zand 10 show the

Samme based on a restricted specification.

It is interesting to see that in this restricted specification, some of the region

&beciﬁc variables, namely the quality of central government (qgov_d), the level of

1 X, flation in a country (infl_d) and the tax and regulatory policies (txreg__d) turn out to be
Ty significant when all firms are made to have infrastructural constraints, but they remain
= = gnificant when firms are made to have no infrastructural constraints. This means that

T W effectiveness of these variables on financial constraints facing the firm is nullified to a
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great extent when firms face infrastructural difficulties. Since prov;
- 1sion of j
Ntray,
ruclure

is one of the basic factors deteTMmining the business environment fac;
acing the g
ims, we

could say that the effectiveness ©f these monetar Y and fiscal factors jg re li
al1zed only wp
en

the firms have fewer constraints With regard to infrastructure

Table 9: Ordered Logit on the Ranking of firms re.
Sub-sample of firms having Infrastructura] constraints

ordered logit estimates Number of obg )

LR chi2(14) : 1267
) Prob > chi2 - 126.28
Log 1ikelihood = -1380.5618 Pseudo R2 h 8.8000
B 437
£ Coef std. Err z P>lz|  race . L TTTm=——al -
_____ gt | Coef: Sta:Emr. |z Prlzl  195% Cont. mncervar)
1 |.8091416 .2357151 3.43 0.001 .3471dma o TT---- —
f,‘f.‘;,’ft’,’;g ||.5023055 .1956456 2.57 0.010 .:14;’:::; 1.271135
qgov_d |.1802941  .1163144 1.55  0.121 - .047678 -8857637
infl d |.1799364  .1365316 1.32  0.188 -.0876606 4982663
txreg. d |.2681226  .1739174 1.54 0.123 ~.0727493 475334
gcorr_d |.5235881  .1210447 4.33  0.000 12863448 eooais
tadm regd|.3078607  .1291084 2.38  0.017 -0548129  .5609085
sizel |.61°°626 «177939 3.43 0.001 .2613085 .9588167
size2 |.4637863  .1701533 2.73  0.006 .1302921 ~7972806
lnvdebt |-.017755  .0075727  -2.34 0.019  -.0325974  -.0029129
fn_re |-.001653 .0014582 -1.13 0.257 -.0045108 .0012051
inv_d |-.141776 .1176203 -1.21 0.228 -.372307 .0887561
debt_dA |.3649487  .1289211 2.83 0.005 .1122679 6176294
debf_d |.2920326  .1265891 2.31  0.021 .0439226 .5401426
e R L
cutl | -.658983  .3449017 (Ancillary pa xameters)
cut2 | .5433287 .3399581
cut3 | 1.89135 .344221
gcf I Probability Observed
- N e e - - —— e, T T . e, e —————
Xyo obstacle | Pr( xb+u<_cutl) 0.0742
n‘inor obstac | Pr (_cutl<xb+u<_cut2) 0.1255
b"\Qderate obs | Pr(_cut2<xb+u<_cut3) 0.2644
T\ jor obstac |  Pr(_cut3<xb+u) 0.5359
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Table 10: Ordered Logit om the Ranking of firms re.
Sub-sample of firms havin No lnfrastructural constrai i <
Number of opg

moderate obs

major obstac Pr(_cut3<xb+u)

ordered logit estimates
LR chi2(14) - 3572143
Prob > chi2 _ .91
Log likelihood = -2712.32 43 Poouqy Chi - 0 0ot
""""""""""""""""" é—-;_;“—“‘“‘“-—~——~—---__________“ 0.0619
gcf | Coef. St rr. z P>lz|  rece LT TTTmm——eeo ~_
————————————— + - T T _;;;—-‘~“‘————__1__|____ [95% Conf Interval]
.1735 3.91  0.600n T TTTmmem—eee
countryl |.6794663 .91 0.000 -3392555 =
country2 |.6161416 .12082:; 5.10 o0.000 3793327 1.01967
qgov_4 |.2595773  .08323 3.12 0.002 .0964303 .852950 5
infl 4 |.2208901  .0912711 2.42 o0.016 .0420022 -422724 g
txreg_ 4 |.6973715 .100352 6.95 0.000 .5006853 -399778 31
gcorxr_4 |.3493381 .0883 3.96 0.000 -1762732 -894057+
tadm_regd|.2763815  .0914586 3.02 0.003 .0971259 -522403
sizel | -430622  .1461425 2.95 0.003 .1441881 -455635
gize2 |.3915279 .1457874 2.69 0.007 .105789g -717056
1nvdebt |-.016495  .0057232 -2.88 0.004 -.0277122 . 6:77366
fn_re |-.001333  .0010599 -1.26  0.209 -.0034099 P 52778
inv A4 |--224072  .0843697 -2.66 0.008 ~.3894337 _.0207447
dept_d | -437958  .0948721 4.62 0.000 .2520121 .6238;;:?37
debf_d |.2406936  .0945318 2.55 0.011 .0554148 .
_____________ +---—-----—---_---_-______________________________:4259735
_cutl | .3813447 .2302995 (Ancillary pa S
“cut2 | 1.394558  .2316537 parameters)
_cut3 | 2.770673 .2371747
gcf | Probability Observed
_____________ B T T ittt P
no obstacle | Pr( xb+u<_cutl) 0.1923
minor obstac | Pr(_cutl<xb+u<_cut2) 0.1759
| Pr (_cut2<xb+u<_cut3) 0.2935
l 0.3383

3.5 Estimation over sub-samples - Characteristics versuss coefficients

"I gple 8 tells us that 8% and 13% of the firms having infrastructural constraints had
T\ o/minor financial constraints and 27% and 53% of them had moderate/major financial
< Onstraints. While 20% and 18% of the firms having no infrastructura] constraints had
Ty o/minor financial constraints and 29% and 34% of them had moderate/major financial
< nstraints. The fact that larger proportion of firms having no infrastructural constraints

W—yad no/minor financial constraints could be due to two reasons. First, all those

< haracteristics Which increased the probability of a firm having high financial constraints
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Ty |

could be concentrated among those firms which faced high infr ASlructural

_ d Onsiraints, or
those characteristics Which reduced the probability of 5 £

m having higp,

financia]
constraints could be concentrzted among those firms which faced Jow infras

lructurg]
constraints. Or maybe a particular attribute which increased the probability of a £
rm

having high financial constraint (being of a smaller size, present in a low-income count
ry,

facing high inflation levels etc...) were penalized more harshly if the fim face d

infrastructural constraints. So, we have to find out how much of the fj

Inancia] constraing

gap between firms having infrastructural constraints and firms having no infraSthtUra]
constraints was due to differences in characteristics and how much was it dye to the
differences in coefficients. We ask the following questions:

) What would have been the predicted probabilities of the two different groups
of firms (one having infrastructural constraints, and the other not having them)
if the characteristics possessed by each group were evaluated using their own
coefficients? That is, we evaluate the predicted probabilities of firms having
infrastructural constraints and firms having no infrastructural constraints each
at their own coefficients.

(ii) Then we evaluate the probabilities of firms with low infrastru<tural constraints
at the coefficients of firms with high infrastructure constr-gints. These are
“synthetic” probabilities.

(ili)  We then compare the three probabilities.
\‘bhe same is done for sub-groups Of firms, as per country and as per size. It gives an

dication of the difference in rankings being due to difference in the characteristics of

3 rms, or due to the difference in coefficients.




G

We see that when £1rms With low infrastructure constraints y,,
ere evajy,
. ) Aleq J
own coefficients, we see that their probability of having no/mi e
manr/mod
erate and

major financial constraints Were 19%, 189 29q;, ang 349, respectj
vely. When the

characteristics of these firrX1S were evaluated at the coefficients of firms p
S having hj eh
infrastructure constraints, tha€ probability of having no/minor financi
r financial constraj
raints fej]

to 10% and 15% respectively. The probability of having moderate fj
mancij gj

constraints remained more or 1€ss same at 28%, but the probabilj
’ ility of havin ma;
g major

financial constraints rose sharply to 47%. The story was repeated for the syp
~groups
considered with respect to the size of firms, and the country in which the fi
€ lirms

operate.

Table 11: Predicted Probabilities of Firms with Infrastructural C i
Firms with no Infrastructural constraints havin diffe,-en:) :::.r;;:ts and

regarding Financial Constraints.

PREDICTED PROBABILITY OF HAVING:

[
No fin. Minor fin. | Moderate major £in.
Constraint | constraint £in. constraint
constraint
All Firms
Firms with low +— |
infrastructure 19.1 17.7 29.5 33.7
constraints at
their own
coefficients
Firms with low
infr. constraints
at the coefficients S.6 15 27.9 47 .4
of firms with high
infr. Constraints
Firms with high
infrastructure
constraints at 7.4 12.7 26.5 53.4
their own
L coefficients
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Small Sized

No
financial
Constraint

firms

Minor fin.
constraint

Firms with low
infrastructure
constraints at

their own
coefficients
Firms with low
infr. constraints
at the coefficients
of firms with high
infr. Comnstraints

Firms with high

infrastructure

constraints at
their own
coefficients

No
Medium sized firms

financial
Constraint

Minor £in.
constraint

£fin,

Firms with low

infrastructure

constraints at

their

own coefficients
Firms with low

18.8

17.

29.4

Moderate

constraint

Constraine

Major fin.
constraint

34.5

infr. constraints
at the coefficients
of firms with high
infr. Constraints

Firms with high

15.2

28

47

infrastructure

constraints at
their own

coefficients

12.5

26.

Large Sized firms

53.8

No
financial

Constraint
Firms with low

Minor £in.
constraint

Moderata
£in.

infrastructure
constraints at
their own
coefficients
Firms with low

27.3

20.6

constraine

Major fin.
constraint

28

infr. constraints
at the coefficients
of firms with high
infr. Constraints

15.6

20.3

24 .1

29.

91

34.3




Firms with high
infrastructure
constraints at
their own
coefficients

countries

Firms in low income

No

Firms with low
infrastxucture
constraints at
theixr own
coeffi cients

16.2

Firms with low

infr. comnstraints
at the coefficients
of firms with high
infr. Constraints

S

"\\

financiajl
COnst:raj_nt
——

18.1

M
Minor £in.
constraint

16.

11.

Firms with high
infrastructure
constraints at
their own
coefficients

23.

pirms in medium
income countries

No
financial

Constraint

Minor f£in.

constraint £in.

Firms with low
infrastructure
constraints at
their own
coefficients

16.

29.

25.

Moderate

30.2

39.5

Moderate
£fin.
constraing

Major fin .
COnstx-gint

2 37.

56.

61.

Major fin.
constraint

constraint

16. 30.3

Firms with low
infr. constraints
at the coefficients
of firms with high
infr.

.2

13.

27.7

2

Firms with high
infrastructure
constraints at
their own
coefficients

12. 26.

53.5

|

Firms in high
income countries

No
financial
Constraint

Minoxr f£in.

constraint £in.

Firms with low
infrastructure
constraints at
their own
coefficients

35.1

22. 24.5

Firms with low
infr. constraints
at the coefficients
of firms with high

infr. Constraints

18.

Moderate

constraing

Major fin.
constraint

16.

23 30.
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28.




Firms with high
infrastructure
constraints at
their own
coefficients

With no exceptions we find thaat with respect to all sub-groups, the probability of hav,-ng
no financial comstraints always fell and the probability of having major financijg)
constraints rose when the firms having Jow infrastructure constraints were evaluated g
the coefficients of the firms with having high infrastructure constraints, though ¢he
magnitude of these changes always varied as per the sub-group being considered. In the
case of firms as per the countries in which they were situated, this pattern was sharper for
firms in the high-income countries. This was in contrast to the firms in low-income
countries, which were more varied in terms of spread of countries. With respect to firm
size, the sharpest fall (in the probability of having no financial constraints) and the
sharpest rise (in the probability of having major financial constraints) were in the case of

the small-sized and medium sized firms. This definitely reinforces the analysis that it is

the smaller and medium sized firms who benefit most from good infrastrua cture.

3.6 Conclusion

.l\lmis empirical study re-enforces the link between infrastructure and private sector
= oductivity. One of the crucial aspects of private sector productivity is the ease with
- pich they can borrow and fulfill their contracts in the capital market. The quality of the
ihfrastmcture facing the firm crucially determines the difficulties they face as regards

£ 3 mance. By showing that firms facing high infrastructural constraints are the ones most
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likely to face high financial constraints as well, this Study points out to the fact that the
€ fact u

.. ity inf .
provision of good quality infxastructure cOnsiderably eases the problem of getting finaTA<e

i firmma 1 .
for firms. By an alyzing evel, qualitative data this study points out to a major 1ink

through which infrastructit® - can affect private gecqor productivity.

While this should mOt be seen a; one of the solutions by which the financial
constraints of the firms can be armeliorated, it does go a long way in pointing out the
“spill-over” benefits of building g00d infrastructure. This is especially crucial in the case

d firms who are resource constrained and who will derive the maximum

of small-size

benefits from good quality public infrastructure. In the case of high-income countries,
tries.

this infrastructure-finance link is more potent as compaTr’ ed to the |ow-income coun




3.A Appendix : Definitions of variables

Dependant variable : gcf — General constraint — financing (no obstacle; minor obstacle;

moderate obstacle; major obstacle)

Independent variables:

- Region specific variables influencing financial constraints faced by a firm:

1.

2.

countryl - low income country dummy

country?2 - middle income country dummy

qgov_d - Dummy for quality of central govt. in a country (1 = quality — slightly
bad to very bad; 0 = quality very good to slightly good)

gepi_d - Dummy for political instability in a country (1 = political instability is
major/moderate constraint; 0 = political instability js no/minor constraint)

infl d - Dummy for inflation in a country ( | = inflation is a masotlﬁwde‘aw
constraint; 0 = inflation is no/minor constraint)

txreg_d - Dummy for taxes and regulations in a country (1 = taxes and regulations
are major/moderate constraint; 0 = taxes and regulations axe a no/minor
constraint)
georr d - Dummy for corruption levels in a country (1 =

Cormuptiop s a

major/moderate constraint; O = corruption is no/minor constraint)

tadm_regd - Dummy for tax-administration regulations (1 = tax-adm,
: reglllations

are a major/moderate constraint; 0 = tax-adm. regulationg are a
nO/mino
r

constraint)

95




9. infr d - Dummy for infrastructural constraints ( 1 = infrastrygepye js a

major/moderate constraint; O = infrastructure is no/minor constraint)

- Firm specific variables influencing financial constraints faced by a firm:
10. sizel - Dummy for small firms

11. size2 - Dummy for medium firms

12. Invsal - log of the value of sales(vsal) ($)

13. Invfas — log of the value of fixed assets (v £as) ($)

14. Invdebt — log of the Value of debt (vdebt)

15. fn_re - source of investment finance — retained €arnings ( | = yes; 0 = no)

16. sal_d - dummy for increase in sales Over the past 3 years (1 = yes; 0 = no)

17. salf_d - dummy for expected increase in sales the next 3 years (1 = yes; 0 = no)
18. inv_d - dummy for increase in investments over the past 3 years (1 = yes; 0~ no)
. . = yes;
19. invf_d - dummy for expected increase in investments over the next 3 yrs 1=Y
0=no)
20. debt_d - dummy for increase in debt over the past 3 years (1 =yes: 0=no)
21. debf d - dummy for expected increase in debt the oy ext
er the next 3 Years ( | - yes;
0 =no)
22. lab_d - dummy for increase in employment over the past 3 years ( ;
= .yes,' 0 = no
23. labf d - dummy for expected increase in employment over the next )
3 Yearg (1=
yes; 0 =no)

24. afs_d - dummy for audited financial statements ( 1 = yes

0=no)
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