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ABSTRACT

Empirical andyss of rurd credit market failure has been of key scientific and politica interest in re-
cent years. The am of this paper is to give an overview of various methods for measuring credit ra-
tioning of farms employed in the literature. Furthermore, based on a common andytica framework
entaling a forma modd of a credit rationed farm household, the methods are subjected to a com-
parative evauation of their specific srengths or shortcomings. Six gpproaches are distinguished:
measurement of loan transaction codts, andyss of quditative information collected in interviews,
analysis of quantitetive information collected in interviews by using the credit limit concept, analys's of
spill-over effects with regard to secondary credit sources, econometric household modelling, and the
econometric analysis of dynamic investment decisons. The first gpproach defines credit rationing as
the impossibility to take a loan due to prohibitively high, measurable transaction costs on loan mar-
kets, which is a price rationing mechanism. All other approaches a least implicitly define credit ra-
tioning as a persgent private excess demand in terms of a quantity redtriction. The Sx gpproaches
aremore or less closaly linked to the neo-classical efficiency concept. An explicit comparison with a
firg-best solution isimpaossible in the firgt three approaches, snce they essentidly rely on a subjective
assessment of borrowers access to credit, based on quditative or quantitative indicators. The fifth
and sixth gpproach dlow arigorous interpretation in the framework of neo-classca equilibrium the-
ory. The fourth gpproach takes an intermediate position, snce spill-over on segmented loan markets
reveds a willingness to pay with regard to the supposedly less expensive but rationed primary
source. Approaches are farly data demanding in generd, usudly requiring specific data on loan
transactions. Even so, most gpproaches are gpplicable to cross-sectiona household data. Only dy-
namic modelling of investment decisons necessitates the availability of pane deta, therefore redtrict-
ing the gpplicability in low-income and trangtion countries. With the exception of the fird, dl meth-
ods surveyed might plausibly be used to empiricaly detect credit rationing.

JL: Q12, Q14
Keywords: agriculturd finance, credit rationing, quantitative analys's, micro-econometrics.

ZUSAMMENFASSUNG

Die empirische Andyse von Marktversagen auf landlichen Kreditmérkten it in den vergangenen
Jahren von hohem wissenschaftlichen und politischen Interesse gewesen. Ziel dieses Beitrags ist es,
einen Uberblick Uber verschiedene in der Literatur angewandte Methoden zur Messung von Kredit-
rationierung zu geben. Auf der Grundlage eines gemeinsamen andytischen Bezugsrahmens werden
die Methoden dartiber hinaus einer vergleichenden Bewertung im Hinblick auf ihre Stérken und
Schwéchen unterzogen. Es werden sechs Vorgehensweisen unterschieden: die Messung von Kredit-
transaktionskogten, die Analyse von in Interviews gewonnenen quditetiven Informeationen, die Andy-
e von in Interviews erhobenen quantitativen Information unter Rickgriff auf das Konzept des credit
limits, die Analyse von Uberschusseffekten im Hinblick auf sekundére Kreditquellen, 6konometrische
Haushdtsmode lierung sowie die 6konometrische Analyse von dynamischen Investitionsentscheidun-
gen. Die erge Vorgehensweise versent unter Kreditrationierung die Unmoglichkeit, einen Kredit zu
erhaten aufgrund von prohibitiv hohen, messbaren Transaktionskosten auf Kreditmérkten. Es han
delt Sch hierbel um einen Mechanismus der Preigrationierung. Alle anderen Vorgehensweisen defi-
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nieren Kreditrationierung zumindest implizit a's andauernde Uberschussnachfrage, folglich eine Men+
genbeschrankung. Die sechs Vorgehensweisen sind mehr oder weniger eng mit dem neoklassischen
Effizienzkonzept verbunden. Ein expliziter Vergleich mit einer fird-best Lésung it in den erden drel
Vorgehensweisen jedoch unmaglich, da se auf einer subjektiven Einschétzung des Kreditzugangs
beruhen. Die funfte und sechste Methode erlauben hingegen ene drikte Interpretation im Rahmen
der neoklassschen Gleichgewichtstheorie. Die vierte Vorgehensweise nimmt eine Zwischenstellung
ein, da Uberschusseffekte auf segmentierten Kreditmérkten eine Zahlungsbereitschaft im Hinblick auf
die primére, rationierte Kreditqudlle implizieren. Die Methoden erfordern die Verfugbarkeit von ge-
eigneten Datensitzen Uber Kredittransaktionen. Die meisten Anséize kdnnen dlerdings auf Quer-
schnittsdaten angewendet werden. Lediglich die dynamische Moddlierung von Investitionsentschei-
dungen erfordert Panddaten und beschrankt daher die Einsatzmoglichkeit in Entwicklungs- und
Trandformationdandern. Mit Ausnahme des ersten kénnen dle Ansédtze auf plausble Weise fir die
empirische Untersuchung von Kreditrationierung e ngesetzt werden.

JEL: Q12,Q14.
Schitssalworter:  Agrarfinanzierung, Kreditrationierung, quantitative Analyse, Mikrodkonometrie.
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1 INTRODUCTION!

Access to credit is commonly regarded as a key requirement for economic growth and rising living
gandards in less developed rurd areas. Consequently, in the development economics literature,
credit policy andysis figures prominently and alarge body of literature has evolved over recent dec-
ades (see BESLEY 1995 for an overview). One mgor pillar of this literature dedls with the problem
that poor households in developing countries, often with agriculture as a main source of income, can-
not obtain as much credit as needed — if they obtain any credit a dl — and therefore remain tightly
credit rationed by formal lenders. Households may therefore be in a position ether to accept these
congraints or to resort to informa credit sources. Both possibilities are only second-best solutions
that may further reinforce existing welfare gaps between rurd dwellers and other parts of the popula-
tion. The wdfare gap may manifes itsdf in lower levels and higher uncertainty of rurd incomes,
which may be due to low labour productivity, lagged technology adoption, or little consumption
smoothing capecity. A centra policy issue is thus how to improve the performance of inefficient rura
credit markets.

In the early 1990s, the breakdown of socidism in Central and Eastern Europe opened an additional
field of research into credit rationing of rurd households and farms. In many countries concerned,
rurd aress are characterised by anewly or traditionally established smdl-scae farm structure, which
is assarted to result in Smilar problems of credit market failure as outlined above (SWINNEN and
Gow 1999; KOESTER 2001). As noted by TANGERMANN and SWINNEN (2000, p. 198) with re-
gard to these countries, capital markets are supposed to be among "the least understood aspects of
the trandtion process in agriculture, dthough many studies suggest that they are key factorsin CEEC
[Centrd and Eastern European country] agriculturd productivity growth, output recovery and rurd
development in generd.”

Credit rationing is thus a phenomenon of key importance for decision makers concerned with agri-
cultura development issues world-wide. At the same time, (a) the conceptud understanding of what
is meant by credit rationing and (b) how this can be made fruitful for an enpirica andyss of red-
world credit markets has been atopic of vivid research both in the theoreticd and applied literature.
With regard to both items, there exists now a voluminous, but rather heterogeneous and till expand-
ing body of knowledge. In fact, these sudies are neither uniform in their empirica gpproach nor do
they necessarily draw on the same understanding of credit rationing. The am of this paper isto give
the interested gpplied researcher an overview of the various methods for measuring and empiricaly
andysing credit rationing as employed in the literature. Furthermore, the methods will be subjected to
a comparaive evauation of their specific strengths or shortcomings. It is hoped to equip the reader
with a sufficient knowledge about methods used in the field to be able to assess the approach and
meaningfulness of exiding sudies and to be guided in methodologica congderaions when planning
or conducting own research.

Since the objective is not to study the theoretica literature, a fairly generd andytical framework
based on the microeconomic household modelling literature is developed, wheress specific theoreti-
ca questions on the causes of credit rationing and the conditions under which it occurs are not a-
dressed. The reader will however find anumber of key referencesin the theoretical section.

' The paper benefited from helpful comments by Raushan BOKUSHEVA, Laure LATRUFFE, and Peter

WEINGARTEN.
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The emphasisin this paper is on credit rationing of farm households by formd financid intermediaries
in low income or trangtion economies. Studies on agriculturd finance in Western countries are men-
tioned if they are of interest from a methodologica point of view, but are not addressed systemati-
cdly. Research taking a macro level perspective or dedling with non-agricultura businesses is only
referred to where it seems gppropriate. Likewise do | not attempt full coverage of the fidd of infor-
md finance.

Before examining the different methodologica gpproaches found in the literature, a reference frame-
work for the understanding of credit rationing is s&t out from which criteria for evauating the empiri-
ca methods can be derived. Thisisdonein section 2. Section 3 is the main part of the paper which
presents and explains the various methods. Section 4 provides a find discussion of ther usefulness
given the anaytica framework.

2  ANALYTICAL FRAMEWORK FOR MEASURING CREDIT RATIONING

2.1 Dsfining credit rationing

Credit is a means to enable investment by solving a liquidity problem. The liquidity problem arises
from the fact that outlays triggered by the investment precede (expected) future returns. Investment in
turn is guided by certain higher-level gods such as profit or income generation. Credit rationing is
understood as a Stuation where a lack of sufficient credit inhibits desirable invesment, since the |-
quidity problem cannot be solved. That is, credit rationing is seen as the reason for too little or un-
derinvesment.

To be more precise is not without difficulty, Snce there are various definitions of credit rationing used
in the literature (this is discussed by JAFFEE and STIGLITZ 1990, pp. 847-849, and LEATHERS
1990, p. 782). However, to provide a common reference point for the discussion in this paper, it
seems useful to further distinguish credit rationing and underinvestment as follows.

A potentid borrower is regarded as being credit rationed if his private demand for credit perss-
tently exceeds the loan amount offered by the lender, with the loan terms showing no tendency to
change. A credit market outcome is characterised by underinvestment if the leve of invesment
carried out by borrowersis persstently below the socially desrable leve.

This definition deserves a number of comments. Firdt, a difference is made between private and -
cia desrability. The former is related to the gods of the individud borrower, wheress the latter is
concerned with the godls of the society as a whole. On perfect markets in the sense of neo-classca
equilibrium theory, private and socia desrability coincide. It is therefore usualy assumed that credit
rationing is both privately and socidly undesirable and inefficient, hence implying underinvestment.
This is indeed the case as long as the interest rate accurately reflects society’s scarcity of capitd,
which is therefore assumed to be given in the following. The issue is however taken up again in sec-
tion 4.2. The qudification 'peragtently’ is used here to exclude stuations of duggish adjustment or
short-term market dynamics, which are not the focus of this research. My interest isin stable or equi-
librium Stuations of credit rationing.

2.2 A formal modd of a credit rationed farm household

The am of this paper is to evduate methodologies that investigate credit rationing a the farm house-
hold leve. For the further exposition, it seems therefore useful to formaly andyse the effects a credit
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congtraint has on optima resource dlocation in a neo-classica producer-consumer model (PETRICK
2002).

Suppose there is a decison maker maximising consumption in periods 0 and 1 as expressed by an
intertempordly additive utility function. The utility function is assumed to be twice differentigble and
quasi-concave, and defined over consumption in period 0, ¢, and in period 1, ¢;, so that
u=(c,,c,;z"). 2' paameterises the utility function and summarises exogenous household charac-
teristics such as number of peoplein each sex or age category.

Agriculturd production requires upfront financing such that expenses on variable inputs are due in
period O, while harvest occurs in period 1. To meet liquidity requirements for input purchases, the
household can take aworking capitd loan of SzeK in period O, which has to be repaid in period 1.
The production opportunities of the household are depicted by a twice differentiable, concave pro-
duction function y = f(x;z”). X represents a variable input that requires upfront financing (e.g.
seed or fertiliser) and is thus subject to a liquidity congtraint, p is its price. Other variable inputs are
ignored, to smplify the exposition. 2 stands for fixed and exogenous inputs, such as land and na-
chinery. The household faces a budget congtraint in each period and a credit congtraint in period O.
The budget in period 0 consgts of initid endowment with liquid funds, E, an amount of credit taken,
K, and exogenous public transfers T (only obtained in period 0), al assumed to be non-negative. In
equilibrium, the sum of these is equd to the expenses for the variable input plus consumption. The
budget in period 1 entails revenues from production y, which in equilibrium is equd to repayment of
credit taken in period 0 and consumption in period 1. K(1+r) is repayment of credit, with r the
interest rate. In the subsequent forma exposition, dl prices are normdised by the output price.

There isarich body of theoreticd literature investigating the causes of credit rationing and potentid

countermeasures. Contemporary contract theory argues that banks are not interested in granting

credit to farm households in underdeveloped rurd aress because it is particularly difficult to over-

come information asymmetries and resulting screening, monitoring, and enforcement problems: clients
are poor, have few assats to collaterdise, act in an especidly risk-prone environment, and give rise
to high transaction costs (BINSWANGER and ROSENZWEIG 1986; HOFF and STIGLITZ 1993). The
credit congtraint may thus be due to unresolved problems of adverse sdection, mord hazard, or

codly state verification as a result of information asymmetries on the credit market (STIGLITZ and

WEISs 1981; WILLIAMSON 1987), or due to enforcement problems (for an overview see GHATAK

and GUINNANE 1999 and GHOsH et a. 2001). The probability that the congraint is binding for a
given household will decrease with increesang avalability of sgnaling and/or screening devices to
overcome exiging information asymmetries. Apart from a sufficient performance and satisfactorily

risk expogition of the credit funded project (which isimplicitly assumed to be given in the formulation
of the modd), availability of collaterd, individua characteristics and kills of the borrower, and a
positive credit history are assumed to be among the most important devices to avoid credit rationing

(for atheoretica andyss see BESTER 1987 and DIAMOND 1989).

A smple way to introduce the credit condraint into the farm household modd is by consdering an
upper bound of credit K (z",z”) the household can obtain. The availability of devices to overcome

credit rationing is dependent on household and production characteristics 2 and 2.
Furthermore, dl prices may be understood to include a transaction cost component which adds to

the nominal market price. These costs arise eg. as aresult of geographical distance between market
partners, a lack of infrastructure, loca monopoalies, search and recruitment costs due to imperfect
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information, or supervison and incentive costs as noted above (SADOULET and DE JANVRY 1995, p.
149 et seq.).

The farmer’s problem can thus be formally summarised as follows:
max u(c,,C; z") with respect to c,,c,, X, K , al > 0, subject to

E+K+T-c¢c,- px=0, Q)
the budget congtraint in period O,

f(x2")- c,- 1+r)K =0, 2
the budget congtraint in period 1, and

K(z",z')- K30, (©)
the credit congtraint in period 0. The credit constraint may or may not be binding.

The firg-order conditions of the optima solution are represented by the derivatives of the Lagran
gean with repect to al decison variables and the Lagrangean multipliers. Since (3) is an inequdlity, |
use the Kuhn-Tucker conditions for this congraint:

E:ﬂ”(')-h:o, 4
fc, 9,

RS CIONNTYY (5)
e, T

L T ()

—=-hp+| —£2 =0, 6
o p+ ™ (6)
L

L= =h- | (1+r)- m=0, 7
x (@+r)-m (7)
L R 29)-k20 n20, mE=o. 8
im Im

Equations (4) and (5) characterise optima consumption, (6) optimal production, and (7) credit de-
mand. (1), (2), and (8) are the side conditions that have to be satisfied by an optima solution. h, |
and r arethe Lagrangean multipliers.

| briefly examine optima production if the credit congraint is not binding, that is = 0. | subgtitute
(7) into the firgt-order condition (6), which yiddsthefallowingif m=0:

0 _

™ plL+r). ©)
This is identicd to the standard alocation rule except that the input price has to be inflated by the
interest rate, Snce expenses are due in an earlier period than revenues. (9) is independent of the util-
ity function or any household characterigtics, which demongrates the separability of production and
consumption choices as long as the credit congtraint is not binding. However, in the complete house-
hold system, total income is determined by production decisons via farm profit. Due to the fact that
production behaviour affects consumption (but not vice versa) the household mode without a binding

credit congraint isalso caled recursive (SINGH et a. 1986, p. 20).
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If optimd credit demand is effectively restricted by the credit limit, (3) holds with equdity and the
credit constraint is binding. From (8), it has the immediate consequence that m > 0. The link be-

tween the budget congtraints in both periods and the credit congiraint is given by equation (7), which
now takes the following form:

(1+r):h|_ " (10)

Solving thisfor h and subdtitution into (6) yields after some rearrangement:

O _& 4+ Mo, (11)
x e | &

The previous equation defines a shadow interest rate under the binding credit congtraint, denoted
r*. Itisameasure of the household internd vaue of liquidity. Since m and | are both strictly posi-

tive, thefollowing holds.
r*=r+|E>r. (12

Under a binding credit congraint, the increased scarcity of liquid funds is thus reflected by arisein
the interest rate relevant for decison making. (11) can therefore be transformed as follows:

o) - pL+r*). (13)
x

As a consequence, the condition for an optima dlocation of the liquidity-requiring input (9) formdly
remains the same under the binding credit constraint except that the marked-up shadow interest rate
must be used. Since the production function is concave in variable inputs, an increased input price in
(13) resultsin areduction of x in order to increase the vadue of the margina product. The binding
credit congraint has therefore the consequence that optimal input use, to be denoted x* in the fol-
lowing, and hence output y * is reduced.

As a reault, a set of consumption as well as input demand and output supply equations under the
binding credit congtraint obtains, which islinked by the household' s full income M* asfollows:

M*© (L+ 1 *)(E+T - px*)+ y*=(1+r*)c, * +c, *. (14)

Note that an increasing r* will usualy unambiguoudy reduce M*. As can be seen from the left-hand
(production) sde of the equality (14), achangein r* affects the rdative prices of the output and the
input and hence profit. A risein r* implies ardative rise in the price of the variable input under the
credit congtraint. Since profits are non-increasing in input prices, M* will decrease if r* increases.
Hence, the binding credit congtraint not only reduces farm output but also the household’ s income
and thus welfare. In previous terminology, it leads to a Stuation of underinvestment which is inef-
ficient from afirst-best perspective.

A further implication of the binding credit congraint isthat it breaks the separability of consumption
and production decisions. As a result, input alocation depends on household preferences via the
shadow rate of interest. This property of the interdependent household model can be used for an
empirica test of market imperfections, as will be explained shortly. To demondrate it formaly, |
andyse the effect that household characteristics Z* have on r* (the following paralds the exposition
in BENJAMIN 1992, pp. 292-295).
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The demand functions for consumption in period O and for the variable input under credit rationing
form aliquidity eguilibrium that implicitly defines the shadow interest rate as follows:

E+K(z2",2)+T- ¢, * (r*,M*;z") = px* (r*; p, 2"). (15)
The left-hand sde of this equation is household supply of liquid funds, and the right-hand Side is farm

demand for funds. Both are equated at the shadow interest rate r*. Implicit differentiation yields the
fallowing reationship:

dr* _ dK{() dco*() dco*()| dx *

dz" dz" dr * ) pdr*'

Ll const

(16)

The denominator conssts of the negative compensated interest rate effect on consumption in period
0 minus the interest rate effect on input demand times the input price? Both are negative: consump-
tionof c,* fdlsif by anincresse of r* itsred priceincreases rdlative to that of ¢, *. The redl price

of the input likewise increases, which reduces input demand. Taken together, the denominator is
unambiguoudy pogitive. The Sgn of the numerator depends on the totd effect of a change in house-
hold characterigtics on the availability of credit and on consumption of ¢, * . The overdl effect of 2"

on r* isthus ambiguous. For example, the shadow interest rate rises if the net increase in consump-
tion in period O as the result of an increase in family members outweighs a potentially improved ac-
cessto credit.

Under non-separetion, al reduced-form equations of the modd ultimately depend on al exogenous
variables of both the consumption and the production side (See SADOULET and DE JANVRY 1995, p.
160; | drop subscripts of consumption goods):

ct=c*(r,p,E K, 2", 2"), (17)
x*=x*(r,p,E K,z",2"), (18)
y*:y*(l’,p,E,IZ,Zh,Zy). (19)

2.3 Criteriafor evaluating methods to measure credit rationing

The subsequent section atempts to provide an overview of the recent literature on empirica credit
market andysis a the micro leve. Specificaly, it is shown how credit rationing can be detected and
which implications follow for the empirica andyss of causes and effects of raioning. To ease the
assessment of the various gpproaches, the following requirements are postulated to be met by an
ideal method?

1. Basad on an operationd definition, the gpproach should alow the empirical measurement (quan-
tification) of credit rationing of farm households.

2 The compensated interest rate effect can be obtained by taking the total derivative of demand for cg* as fol-

doo* _ Too* dM ™ | fico *
d* qIM* dr*  qr*
M* and the direct effect as given by the partial derivative. Since dM*/dr* can be interpreted as the amount
necessary to compensate the change in M* as the result of a change in r*, the total derivative is a Slutsky
equation for the intertemporal choice problem. In this equation, dco* /dr* is the interest effect with utility held
constant.

'Ideal' means here in accordance with commonly applied standards of empirical research, such as quantifiabil-
ity, reliability, validity, practical applicability. These are of course to some extent subjective and open to de-
bate.

lows: . Thetotal effect oncy* of a change in r* consists of the indirect effect via
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2. It should be ardiable and vaid indicator of credit market failure (or efficiency).

3. It should take into account the often limited deata availability in low-income and trangtion cou
tries. Applicability in fidd surveys with a large number of respondents is therefore an additiond
desideratum.

4. It should lend itsdlf to plausible methods of data andysis that dlow the examination of causes and
effects of credit rationing and how credit rationing is itsdf influenced by the structura and policy
environment of farm households.

In my opinion, the recent literature on the topic dlows to distinguish sx approaches to the empirica
investigation of credit rationing:

A direct method based on measurement of |oan transaction costs,
adirect method based on quditative information collected in interviews,
adirect method based on the credit limit concept,

adirect method based on spill-over effects,

an indirect method based on econometric household moddling,

o > W NP

6. anindirect method based on an econometric andlysis of dynamic investment decisions.

Direct methods are characterised by the fact that they immediately utilise observations made in the
fidd, whileindirect methods anayse the consequences of credit rationing by means of econometric
moddling. However, there are a number of interdependencies between both types, because the two
indirect methods usualy are dependent on additiona information provided by direct methods. | ex-
plain the six approaches in the following. How far the presented methods comply with the above
criteriawill be examined as a part of the subsequent discussion, which will in particular show that the
definitions of credit rationing vary between approaches.

3 A SURVEY OF METHODS

3.1 Direct measurement of loan transaction costs

This method prescribes to directly collect information about additiona, loan specific transaction costs
borrowers face gpart from nomina interest rates, such as costs of information collection, loan appli-
cation, insurance of collaterd, etc. These transaction costs may well make investment unprofitable
and thus lead to exclusion of borrowers who might have been in a position to repay nomina interest
rates. The explicit reason for credit rationing in this approach is thus that the price a borrower faces
is effectively too high for him to pay. Writers of this tradition have claimed that loan transaction costs
are the ultimate reason for credit rationing of certain types of borrowers, particularly smdl fams
(ADAMS1993; CUEVASand GRAHAM 1986; LADMAN 1984; R. L. MEYER and CUEVAS 1992).
This understanding of credit rationing hence departs from the definition of rationing as a quantity
condraint as given in section 2.1, since the redtriction works through the price varigble. Thereis dill a
kind of price mechanism equating supply and demand.*

4 Initialy, high transaction costs have appeared as an argument for credit rationing in environments where there

are governmentally imposed interest rate ceilings (e.g. LADMAN 1984, p. 107). Later contributions use this a-
gument in a more general context of financial intermediation that seems to be independent of certain interest
policies (e.g. CUEVASand GRAHAM 1986; R. L. MEYER and CUEVAS 1992). The following quote documents
that the literature on the current approach is imprecise with regard to the question of whether credit rationing
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In case that these non-interest transaction costs are not "naturaly” associated with financia interme-
digtion (ADAMS 1993, p. 4), they may be taken as an indicator for the efficiency of credit mar-
kets (as proposed by R. L. MEYER and CUEVAS 1992, p. 310). Which transaction costs are neces-
say is of course difficult to distinguish; ADAMS (1993) argues that costs associated with regulation
or loan targeting do not fal under this category.

A number of studies demondtrate that these non-interest costs — partly as a result of compulsory
interest callings imposed on formd lenders — are a large additional cost component in many devel-
oping countries, paticularly for rdatively smaler loans. See ADAMS and NEHMAN (1979) on
Bangladesh, Brazil, and Colombia, various contributions in ADAMS &t d. (1984) mainly on Latin
America, CUEVAS and GRAHAM (1986) on Bangladesh, Ecuador, Honduras, Panama, and Peru,
AHMED (1989) on Bangladesh, R. L. MEYER and CUEVAS (1992) on Bangladesh, Dominican Re-
public, Honduras, Niger, Philippines, and Togo, and OLOMOLA (1999) on Nigeria

CuevAasand GRAHAM (1986) provide an andyss of determinants of transaction costs of a sample
of farms in Honduras, based on a generdised power function. Their results indicate that transaction
costs as percentage of loan amount decrease with |oan size, decline with increasesin the interest rate,
and are higher for private bank loans than development bank loans (p. 685).

SAITO and VILLANUEVA (1981) in ther examinaion of the Philippine credit market take a dightly
different gpproach in that they analyse capital and transaction costs of small farm lending that are
internal to the bank. They conclude that these costs are much higher than for large-scde industry
lending, which should be reflected in nomind interest rates.

A crucid quedtion in assessaing the vaue of this method for measuring credit rationing is thus how far
transaction cogts are included into the nomina interest rate, and how far these cods are inevitable.
More liberd government policies may imply that transaction codts are in fact included in nomind
interest rates, which says little about whether they are inevitable or not (see BESLEY 1994, 1995). If
they are included, an efficiency andyds has to dart with the financid intermediaries themsalves (see
KHITARISHVILI 2000 for such a study on Polish co-operative banking).

Furthermore, a theoretically consstent, precise measurement of transaction codts is impossible as
long as the correct opportunity costs of transaction activities are unknown (SCHNEIDER 1987,
TERBERGER 1994, pp. 125-134). If the indtitutiona arrangement used to determine the vaue of an
dternative activity is unclear, these opportunity costs cannot be caculated. If the optimad ingtitutiona
arrangement is known, the exact volume of transaction costs accruing in the second-best Stuation
might be of little additiona vaue (HELLWIG 1988).

The method is assessed as follows:

It uses a different and probably imprecise understanding of credit rationing as compared to the
other gpproaches, since rationing here acts through a price and not a quantity mechanism. Trans-
action costs should not be claimed to measure the efficiency of arurd credit market, if this termi-
nology is intended to suggest the comparison with an unobserved (and unreachable) first-best
Stuation.

works through a quantity or a price mechanism: "In this paper we investigate the role of transaction costs of
borrowing as a rationing mechanism in the agricultural credit markets of five less-developed countries. We
show that borrowing transaction costs become an effective non-price rationing device in these markets"
(CuevAsand GRAHAM 1986, p. 680; italics added).



Empirical measurement of credit rationing in agriculture: a methodological survey 15

The method requires collection of specific information in field surveys. Non-interest transaction
cogts should be included in the caculation of the effective costs of each borrower to obtain a
relevant price variadle. Ther collection is therefore highly recommendable. At the same time, this
procedure is less satisfactorily on theoretica grounds, since opportunity costs are amost impos-

gble to measure, a least if the next best dterndive indtitutiona arrangement is unknown. A

pragmatic operationdisation is thus necessary.

The vdidity of the share of transaction costs in totd lending costs as an indicator of market effi-
ciency depends highly on the pricing policy of the respective bank (that is which cods are effec-
tively passed on as part of the nomina interest rate and which accrue in addition to that). Since
thisis likely to be different for different banks, comparisons cannot necessarily be made and the
indicator is thus of limited value.

The absolute value of effective interest rates is aso a difficult measure since it might be imposs-
ble to distinguish which codts reflect red expenses necessary for loan gppraisa, monitoring etc.
and which are Smply dack in the intermediation process.

As a conclusion, this gpproach rightly stresses the importance of transaction costs in rurd credit
markets. However, in my opinion, it provides no adegquate method to measure credit rationing. Due
to its conceptud difficulties, it is regarded as ingppropriate to andyse the determinants of credit ra-
tioning in terms of a cause-effect rdaionship.

3.2 Analyssof qualitativeinformation collected in interviews

The idea of this method isto directly ask borrowers whether they would have liked to borrow more
at the prevailing interest rate. In case of a positive answer, respondents are classified as ‘ credit con-
grained’, which corresponds to an equdity in equation (3) of the forma mode. The same goplies to
non-borrowers who respond that they could not get credit athough they liked to. This method to my
knowledge was first gpplied by FEDER et a. (1989 and 1990) and, presumably independently, by
JAPPELLI (1990). FEDER et d. (1989) provide empirical evidence that this indicator is a rdiable
measure of liquidity shortages in their sample of 600 Chinese farm households, where liquidity is
defined as the sum of savings, cash, and fungible credit.

While the paper of FEDER et d. (1989) is at last driven by the desire to support policy formulation
that stimulates production, JAPPELLI (1990) has a theoreticdly differently motivated point of depar-
ture. Hisam isto analyse the characteristics of credit constrained households in the U.S. economy in
order to chdlenge the life-cycle modd of consumption. The life-cyde modd in its Smple form
clams that current consumption is independent of current income — an independence that breeks
down in the presence of binding borrowing congraints. Theoreticaly, an appropriate strategy would
be to estimate a reduced form function for the demand for loans in excess of the binding borrowing
congraint. This excess demand is supposed to depend on both demand and supply variables. Since
excess credit demand (as the difference between optima consumptior? and debt ceiling) is unob-
servable, JAPPELLI exploits the specific quditative information contained in the 1983 U.S. Survey of
Consumer Finances on whether a respondent is credit constrained or not. This information was do-
tained in a Smilar fashion asin the sudy by FEDER et d. (1989). As aresult, JAPPELLI estimates a
Logit equation with the probability of being credit constrained as dependent variable. He finds that
income, wedth, and age are the most important determinants of being credit constrained.

®> Inthe standard version of the life-cycle model, current consumption only depends on life-cycle characteristics

such as age or household composition (but not on current income, see DEATON 1997, pp. 359-360).
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The approach of directly asking respondents about their rationing status was further refined by
BAYDASet d. (1994) and ZELLER (1994). BAYDAS &t d. andyse a sample of micro-entrepreneurs
in Ecuador, in which they further divided the group of congtrained borrowers in those who are (a)
completely rejected, i.e. who gpplied for aloan without success, or (b) unsatisfied, i.e. who g-
plied but obtained a smdler loan than demanded. Together with the (c) satisfied borrowers who
obtained as much as gpplied for and the (d) non-applicants BAYDAS et d. identify four groups of
respondents. Based on this digtinction, they perform a multinomiad Logit modd to quantify determi-
nants and probabilities for respondents to be in one of the four distinct groups® ZELLER (1994)
employs asmilar goproach of four categories to anayse formd and informa borrowing in Madagas-
car. Theoreticaly, he structures credit rationing as a sequential process where first potentia bor-
rowers decide whether to apply, and second lenders decide whether to grant aloan.” As a conse-
quence, he uses this grouping to estimate a two-stage Probit mode!.

The above categorisation into four groups of potentid borrowers was further developed by
MUSHINSKI (1999), who divides non-applicants into (d1) pre-emptively rationed and (d2) not
interested respondents. He argues that households of group (d1) may well have some notional
demand for credit, dthough in effect they do not apply because — according to statements made in
interviews — they fear rgection or high transaction costs of loan application. As a conseguence, in an
andysis of Guatemaan credit unions, the author estimates notional demand offer probabilities by
means of a Probit modd which identifies the probability that a household with positive notiond de-
mand for credit receives a loan offer. In a first-best world, this probability is supposed to be one,
and a amdler vaue thus can be interpreted as an indicator of credit rationing. This clam seems how-
ever not to be warranted, as long as no information on returns on credit use is provided.

The results suggest that demand offer probabilities of credit unions are generdly higher than those of
banks, and that credit unions' lending decisions are not as much dependent on easily collaterdisable
wedlth as those of banks? Furthermore, the econometric analysis shows that ignoring notiona credit
demand may lead to implausible coefficients of the demand offer equations.

In contrast to al authors using the quditative information approach described previoudy, KOCHAR
(1997) uses survey data of rationing outcomes on segmented credit marketsin rura Indiato andyse
these outcomes as jointly determined by borrower and lender behaviour. This involves the gpplica-
tion of jointly distributed bi- and trivariate Probit models with partial observability.® A mgjor result of
KOCHAR s andysisis that, conditional on the households demand for credit, the degree of effective
rationing is rather low.

In light of the criteria established above, the andyss of quditative information collected in interviews
can be assessed asfollows:

® BARHAM et a. (1996) use principally the same categorisation to investigate the ability of Guatemalan credit

unions to relax credit constraints of small-scale producers. However, they condense groups (c) and (d) into
one group of unconstrained borrowers.
" This two-stage structure was also used by HEIDHUES et al. (1998, p. 364) in their analysis of the Romanian
credit market.
In order to circumvent the problem of modelling the interdependent decision process resulting in the choice of
the lender (credit union or bank), MUSHINSKI focuses only on the lender offer decision, which he assumes to
be independent from the households’ choice of lenders. He thus understands the credit market outcome as a
sequential process of first application and second acceptance or rejection, similar to ZELLER (1994).
In the approaches described so far there are single decisions among several alternatives, or sequences of
single decisions. Opposed to that, in the KOCHAR model there are two (three) interdependent decisions, each
between two alternatives, which involves the estimation of a system of equations with correlated distur-
bances. See GREENE (2000, pp. 849, 857).
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Quditative information on loan rationing in rurd credit markets directly corresponds with the
casud observation of credit congtrained farmers, that is farmers who complain about lack of ac-
cess to credit.

The categorisation of a certain respondent exclusively relies on his own subjective assessment of
his stuation. The vaidity of this Satement may be questioned, dthough there are no plausible a-
guments why it should be less valid than any other information collected in fidld surveys.

In any case, the quditative information dlows the conagtent differentiation of respondents into
those for whom liquidity is exogenous (i.e. not under the control of the respondent) and those for
whom it is not.

However, it is not necessarily a consistent measure of credit market efficiency, since no disequi-
librium in terms of resource alocation is explicitly tracked down. Furthermore, it does not alow
aquantification of the severity of credit rationing.

Although it requires specific questions to be included in survey questionnaires, it is reldively easy
to collect but il lends itself to multivariate methods of anadlyss. The causa determinants of the
quditative choice variable can principdly be identified. A disadvantage of this type of modeling
isthat information on loan contract terms such asinterest rate and loan Sze is discarded.

A generd problem is the theoretica structuring of the decison-making process on segmented
credit markets where more than one source of credit is relevant. There may be good arguments
to assert that choice between severd sourcesis an interdependent process and even the decision
of the lender to grant the loan may be involved in this. If this assertion holds, estimations based
on sequentid and independent decision processes might be ingppropriate.

In summary, quditative information on credit access has the advantage thet it is relatively easily col-
lected and interpreted. In addition, it may support an important assumption for econometric model-
ling, namely that credit is exogenoudy determined for credit constrained households.

3.3 Analysisof quantitative information collected in interviews by using the credit limit
concept

In an attempt to overcome the qualitative nature of the indicator described previoudy, researchers at
the International Food Policy Research Indtitute (IFPRI) developed the credit limit concept as a
novel gpproach to measure rationing (DIAGNE 1999; DIAGNE et d. 2000). Theideaisto ask agiven
respondent about the maximum amount a lender iswilling to lend him, which is the credit limit of
the respondent with regard to this lender (DIAGNE et al. 2000, p. 10).%° The credit limit thus meas-
ures the borrower’ s current access to credit, K(z",z”) inequation (3), which may be different for

different loan sources. However, a given credit limit does not necessarily imply a binding credit con-
graint. The authors define a borrower as being credit congtrained if "the optima amount borrowed
when borrowing under a credit condraint is gtrictly less than the optima amount that would be bor-
rowed if the credit condraint did not exist” (p. 17). In other words, the borrower is credit con-
strained only if hisoptimd loan 9ze is effectively restricted by his credit limit. Furthermore, a dis-
tinction is made between access to credit and participation in credit markets. Households may
choose not to participate in credit markets, dthough they have access to credit (i.e. a poditive credit

1 In the survey the respondents were asked "the maximum amount they could [subjunctive] borrow during the
recall period from both informal and formal sources of credit" (DIAGNE et a. 2000, p. 29, italicsin the origind).
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limit). Together with information about the optima loan demand (or smply loan amount applied for),
ametric quantification of the extent of credit rationing is possble.

The appedling feeture of the credit limit concept is that it dlows a metric quantification of credit ec-
cess, which in turn may be used in econometric andyses. Furthermore, it principaly alows to meas-
ure the success of agiven credit expangon policy by itsimpact on percelved credit limits of the target
group, and the effect this expanded credit limit has on other variables of household welfare.

In an gpplication to Bangladesh and Mdawi, DIAGNE & d. (2000) find that microfinance inditutions
promoted in the study area had a positive effect on borrowers' credit limits,

DIAGNE (1999) uses the credit limit variable to evauate decisons to participate in credit pro-
grammes and access to credit by rurad households in Mdawi. His forma modd has a two-stage
dructure, according to the choice-based sampling procedure of the survey which was dratified along
programme membership status. The first stage consists of a four-aterndtive, two-level nested multi-
nomia Logit mode (see GREENE 2000, pp. 857-874) which depicts participation decisons as
population conditional choice probabilities. In the second stage, these probabilities are used to esti-
mate a reduced form recursve system of smultaneous equations of credit limits and amount bor-
rowed as dependent variables. The results of the analys's show that participation decisons in certain
credit programmes are highly driven by programme datributes other than the interest rate. Further-
more, the diversfication of assets is more relevant for formal credit access than its total vaue. In-
creading credit limits are only partialy exploited by borrowers, which — according to the author —
underlines the importance of access to credit as an insurance mechanism that is only utilised in case
of emergency. Findly, informa credit is regarded as only aweak subgstitute of forma credit, Snce, in
contrast to the latter, the former ismainly used for consumption purposes.

The characterigtics of the credit limit concept are asfollows:

It requires specific questions to be included in survey questionnaires. In particular cases, it may
be difficult to make respondents understand what is exactly meant by the question on credit limits
(DIAGNE et a. 2000, p. 30), or some respondents may be ignorant about their credit limit.

Compared to the quditative indicator it provides a metric measure of credit rationing, which d-
lows the application of more sophigticated methods of andlyss.

As the qudlitative indicator, it is dso not necessarily a condstent measure of credit market effi-
ciency, sSince no comparison with an equilibrium firg-best dterndive is provided.

3.4 Analysisof spill-over effectswith regard to secondary credit sources

The central theoretical assumption of this method is that credit sources other than bank credit are
more expensive than bank loans. If a borrower makes use of these secondary sources, she is &
sumed to be unable to satisfy her financid needs from the primary source, though she has sufficient
repayment capacity to serve the secondary source. She can therefore be treated as credit rationed
with regard to the primary source. It might be possble, however, that there is dso rationing on the
side of the secondary source. Use of the secondary source due to unsatisfied demand with regard to
the primary source is sometimes caled 'spill-over' (BELL 1993, p. 202).

Trade credit in developed countries and informal credit (moneylender) in developing countries are
the two secondary segments of credit markets usudly referred to. Both are regarded as compara-
tively more expendve than forma bank loans, adthough lenders in these secondary segments usualy
are in amore advantageous position with regard to information asymmetries as compared with banks
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(see the discussion on trade credit in JAFFEE and STIGLITZ 1990, p. 879, and on informal credit in
ALEEM 1993 and CHRISTENSEN 1993).

Asametric indicator of credit rationing, PETERSEN and RAJAN (1995) and HARHOFF and KORTING
(1998) use the criterion of fast payment discounts actudly taken by afirm, in percent of fast payment
discounts offered to it. If firms often do not make use of the advantageous fast payment discount,
they are regarded as rationed with regard to their primary lender (bank). The full amount which isto
be paid afterwards can hence be regarded as a form of trade credit, which costs usudly by far ex-
ceed lending rates offered by banks (PETERSEN and RAJAN 1995, p. 426). However, these studies
solely concentrate on the formal loan markets in the U.S. and Germany, respectively, and the effects
lending relationships have on the access to credit.

BELL et d. (1997) estimate demand and supply functions under relatively restrictive assumptions of
an unobserved regime switching mode for ssgmented credit marketsin rurd Punjab.™* Their andysis
based on a cross sectiond sample of farmers shows that the forma market is respongble for most
rationing, demand is rather inelastic with regard to interest rates, and tying credit to output marketing
made informd lenders willing to advance much bigger loans.

The method is assessed as follows,

It requires detailed information on various loan sources used by respondents. For the more de-
manding anayses, pand data might be desirable.

In case that the assumptions implicitly made are correct (secondary sources more expensive than
primary, profit maximisation of borrower), this method provides a vaid measure to quantitatively
andyse rationing phenomena in segmented credit markets. Cause-effect modelling is principaly
possible.

Itisonly rdevant where segmented credit markets are important.

It may be regarded as a shortcoming that the measurement of spill-over effects implies an under-
estimation of credit rationing if some rationed households do not turn to the secondary source of
credit, but smply accept the condraints on the forma market instead.

3.5 Econometric analysisin the framework of a static, microeconomic household model

This method seeks to andyse the effects of credit rationing under implicit or explicit consderation of
afarm household model and hence can take advantage of its theoretical results. It was demongrated
insection 2.2 that market imperfections such as credit rationing lead to important interactions be-
tween the production and the consumption sphere of the household. Observable consequences of
these interactions are teken as a sarting point for the econometric andys's of rationing phenomenain
this approach.

As shown in the forma household modd, a binding congtraint on the credit market leads to the pres-
ence of a marked-up shadow interest rate in the first-order conditions for profit maximisation (eque-
tion (13)). As aconsequence, marginad revenues of credit use should be significantly different from
observable, exogenous interest rates. Furthermore, in the case of rationing, production and con
sumption decisons are mutually dependent. The econometric household modelling gpproach &-
tempts to empirically detect both the household interna shadow price and the mutua dependency of
consumption and production.

" This study hence provides alink to the following approach (section 3.5). | mention it here due to its emphasis
on segmentation and spill-over effects.
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In the credit market case, the presence of credit rationing is hence defined by its consequences for
adlocation decisions within the farm household. In addition, the credit market is understood to be
efficient if the firg-order condition for optima credit dlocation is met, namdy that vaues of margind
productivity equal exogenous interest rates (see in particular CARTER and WIEBE 1990, pp. 1147-
1148; SIAL and CARTER 1996, pp. 771-772, 777-779).

Tablel: Econometric analysesof credit market imperfections using a household
modelling framewor k

Study Estimated Estimation Data Imperfection
function(s) method detected
type (form) shadow Inter-
rate depen-
dency
IQBAL (1986) FD (linear) 23S India1970-71 n.a +
CARTER (1989) Prof (Q), Prod OLS,2SSC  Nicaragua 1981 - n.a
(Q). FD (CD)
CARTER and WIEBE (1990) Prod (CD) OoLS Kenya? + n.a
FEDER et d. (1990) OS(CD) 25SC China 1987 - +
SIAL and CARTER (1996)  FD (Tohit), OS 2S-SC Pakistan 1987-88 + na
(mixed)®
KOCHAR (19972) FD (mixed)’ 2S-SC India 1981-82 n.a -
PETRICK (2002) 0S(Q) 25SC Poland 1998-99 + +

Notes: *endogenousinterest rate and significant life cycle variables; ® equation entails both logarithmic and
linear or quadratic terms. Abbreviations: Estimation method: OLS = ordinary least squares, 2SLS =
two-stage least squares, 25-SC = two-stage with selectivity correction; Function: type: Prof = profit
function, Prod = production function, OS = output supply, FD = factor demand; form: Q = quadratic;
CD = Cobb-Douglas; n.a. = not analysed.

Source: Author’s compilation.

Table 1 lists a number of studies that basicaly follow this gpproach. With the exception of FEDER et
al. (1990) and PETRICK (2002), dl studies either concentrate on the shadow interest rate or on the
detection of interdependencies between production and consumption spheres of the household. In-
vedtigations of the shadow rate either estimate a structura production function (CARTER, CARTER
and WIEBE) or a reduced-form output supply equation in connection with a selectivity correction
(FEDER et d., SIAL and CARTER, PETRICK).” The sdectivity correction may require additional
qualitative information concerning the exogeneity of the credit variable, since it might be argued that
the output supply equation can consistently only be estimated for borrowers who sdf-classified as
being credit rationed (FEDER et a. 1990; see section 3.2). Both approaches are capable of yielding
an estimate of the relevant shadow rate as follows.

Under the binding credit congtraint, K has the character of a fixed resource in the household deci-
sion making process. The expression fly/K can thus be interpreted as the marginal (direct plus
indirect) effect of credit on production. In the production function approach, it may be suspected
that K = px, which means that credit is fully used to finance variable inputs under the liquidity con-

graint and only the direct credit effect is considered. If in the estimation avaue of K deflated by p

2" The methodology of FEDER et al. (1990) is applied to trace income and nutrition effects of credit based on
rural household data from Madagascar by ZELLER (1995) and on data from Cameroon by SCHRIEDER (1996).
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is employed, say K=K/ p, the obtained estimate of fly/ K can be substituted for T (.)/fx in
equation (13) in order to estimate the shadow interest rate r*. This must be higher than the observed
market interest rate r (see equation (12)). The difference between estimated r* and market interest
rate can be regarded as a measure of credit rationing or credit market efficiency (SIAL and CARTER
1996, pp. 777-779).

In contrast, the reduced-form modd (19) captures both direct and indirect effects. There may be
positive indirect effects, for example via certain consumption or education expenses, which induce
an additional mark-up of fy/ YK .* They would hence provide additiona rationale for an excess

credit demand. On the other hand, if the estimate of fly/ K turns out to be low compared to the

observed market interest rate (as in FEDER et d. 1990), this is an indication that negative indirect
effects are a work. In this case, additiona credit does contribute little to increase farm output. In the
presence of a perceived excess credit demand by the household, it may thus be concluded that credit
isin fact used to finance non-productive consumption expenses, which compete with inputs for liquid
funds (FEDER et al. 1990, p. 1156). It can be regarded as an advantage of the reduced-form g-
proach that it is not necessary to exactly know for which purposes the loan was in fact used, snce dl
direct and indirect effects are captured.

The estimates of the shadow interest rate are then sometimes employed in afactor demand or supply
function in order to anayse the shadow price eadticity. Studies that examine household interdepend-

encies usudly take factor demand functions directly as their sarting points. The table illustrates that a
varigty of functiond formsis used.

The results are not uniform and differ by country. While CARTER (1989) finds that credit has even a
negative effect on farm output in his Nicaraguan sample, CARTER and WIEBE (1990) and SIAL and
CARTER (1996) report shadow prices of up to 300 and 78 percent net of repayment in Kenya and
Pakistan, respectively. A notable result is that of FEDER et d. (1990), who find that the margind
product of credit is low dthough demographic characterigtics of the household have significant influ-
ence on production decisions. They conclude that farms are in fact credit rationed but funds are d-
verted away to non-productive activities or used to finance long-term investment (p. 1156). PETRICK
(2002), by drawing on the methodology of FEDER et a. (1990), estimates an output supply equation
for Polish farm households. His finding is that farm households display shadow interest rates of on
average 226 percent net of principa, and that demographic characteritics play a sgnificant role in
determining output. K OCHAR (1997a) investigates how forma sector loans affect outcomes on the
land lease market in India. He finds no significant relationship between both. The study of 1QBAL
(1986) is a hit separate from the others since he motivates the incluson of household characterigtics
into his borrowing function by considerations of life-cycle behaviour and not by the attempt to ex-
plicitly detect interdependencies between production and consumption (p. 196). These varigbles
partly turned out to be sgnificant. Furthermore, he alows for an endogenous interest rate that differs
across farms.

A related study not mentioned in the table due to its different gpproach is LEe and CHAMBERS
(1986), who take a dud producer modd as a starting point. They test for the significance of expen
diture congraints in U.S. agriculture. The intuition behind the test rests on the homogeneity condition
for the profit function. If profit is homogenous in dl prices, this supports the absence of any con-

B Theline between direct and indirect effectsis probably difficult to draw. It might well be argued that increased
management skills due to better health as a result of consumption expenditures or better education are quite
important inputsin the production process (see HEIDHUES 1994).
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graint, if it is homogenous only in output prices, this supports the constrained modd (p. 861). LEE
and CHAMBERS find evidence for the latter in the time-series data set used in their investigation.™

| assess the household modelling gpproach as follows:.

Adopting the household modelling framework has the mgor advantage of yielding a theoretically
consgtent definition of credit rationing and a Straightforward interpretation of credit market effi-
ciency. Econometric modelling offers a wide range of quantitative andyss including causd infer-
ence. The quantitative nature of results enhances comparability and interpretation.

Econometric modelling is more data demanding than some of the quditative methods described
previoudy. However, it is not hecessary to have available atime-series or panel data s, as the
large number of cross-sectiond studies demondirate.

Edimating an econometric modd is methodologicaly more ambitious than previous gpproaches
and hence to a larger extent subject to criticism. Crucial error sources are the non-experimental
nature of the data as wdll as the exact specification of the functions (for example with regard to
functiona form and choice of regressors).

The household modeling approach hence offers a promising way to combine theoretica reasoning
with quantitative andyss, while the data demands remain managesble.

3.6 Detecting violations of perfect market implicationsin an econometric analysis of dy-
namic investment decisons

As the previous one, this approach attempts to track down credit rationing by empirically detecting
violations of implications of atheoretica decison making modd. It thus aso has an explicit theoreti-
cd foundation in which credit rationing is interpreted, at least in the more recent studies. A centra
implication of the neo-classcal assumption of perfect and complete capitd marketsis that investment
decisons can be made independently of the financia structure of an enterprise, Smilar to the andyss
insection 2.2. In the investment literature, this indght is reflected in the Fisher Separation and Modi-
gliani-Miller Theorems (see for example SCHMIDT and TERBERGER 1997)." If in redlity investment is
observed to depend on financid dructure, this is interpreted as evidence for imperfect capita mar-
kets. It hence provides a firg test for the presence of credit rationing (caled a ‘financia sengtivity
tet' in the sequel, following HAYASHI 1987, p. 101).*°

Table2: Econometric analyses of credit market imperfections using farm investment
equations

Study Financial Estimation Data I mperfection
variable(s) method detected

financial  ortho-
sensitivity gonality

¥ By means of an indirect production function, BHATTACHARY YA and KUMBHAKAR (1997) compare the ratio of
unobserved shadow prices of inputs to market prices in order to analyse market imperfections for a sample of
Indian farms. Their emphasis is on the effects of various distortions on output, therefore they do not provide
direct evidence for credit market failure and their study is not further investigated here.

There is a similar implication in the consumption literature, namely that consumption decisions can be made
independently of current income (which is known as the permanent-income or life-cycle thesis). See HAYASHI
(1987).

HAYASHI (1987) uses the notion of an 'excess sensitivity test' for awell-specified problem in the consumption
literature. | take 'financial sensitivity' as simply indicating the significance of financial variables for investment
outcomes.
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Traditional approaches

DE HAEN (1976) increase in net debt; 29.S Germany + n.a
income — consunp- 1952-74
tion

GROLIG (1980) weighted profit of oLs Germany + n.a
previous periods 1968-77

KLAIBER (1983) weighted profit; de- oLs Germany + n.a
preciation; liquidity®; 1985-86

equity; public trans-
fers; consumption

WEERSINK and TAUER (1989) farm income; change GLS us. +° n.a
in external debt 1974-83

FEDERet . (1992) formal credit; informal oLSs China + n.a
credit Tobit 1987-83

KUIPER and THIJSSEN (1996) equity to equity plus VAR The Netherlands + n.a
debt 1949-91

PETRICK (20023) long-term credit 2SSC  Poland + n.a

1997-9%°

Stochastic investment models

HUBBARD and KASHYAP net worth GMM us + +

(1992 1914-87

BENJAMIN and PHIMISTER  profits/capital; long- GMM France - +

(1997) term loans/capital 1989-93

BIERLEN and cash-flow VAR us + n.a

FEATHERSTONE (1998) 1976-92

Notes: ?income— consumption had a negative effect on investment; ° different liquidity specificationsincluding
contributions and withdrawals of the farm household; ©negative sign for income; ¢ forma (informal)
credit significant for crop-related investment in one (zero) of four provinces under investigation; formal
(informal) credit significant for housing investment in one (four) of four provinces,
¢ pooled data; " formulation that allows for transaction costs not rejected. Abbreviations: Estimation
method: OLS = ordinary least squares, 2SL S = two-stage least squares, GL S = Generalised Least Squares,
2S5-SC = two-stage with selectivity correction, VAR = vector autoregression, GMM = Generaised
Method of Moments; n.a. = not analysed.

Source: Author’s compilation.

The literature related to this approach can be grouped into a more traditiona and a more recent
branch. The theoretical foundation of the more traditiona studies is often rather pragmatic (if there is
one a dl) and generdly does not dlow for uncertainty in the decison modd. In contrast, more re-
cent models explicitly base their research on stochastic investment models, which was probably
eased by the development of corresponding econometric tools for time series and pand data andy-
Ss

The older and theoreticaly more pragmetic approach isto smply add aliquidity or financia variable
to the exiging investment function (comprising output or capita as explanatory variables) or explan
invesment by aliquidity variable done (see J. R. MEYER and KUH 1957 on business investment).
Later research is based on a flexible accelerator model (KRELLE 1978), augmented by a financia
vaiable. The flexible accderator can be derived from a dynamic decison modd of the farm house-
hold under static expectations, where the rationae for investment is either the presence of adjustment
costs (MACCINI 1991) or financid congtraints (STEIGUM 1983). Early examples with reference to
German agriculture indlude DE HAEN (1976), GRoLIG (1980), and KLAIBER (1988), see Table 2.
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DE HAEN (1976) invedtigates the consumption and investment decisons of farm households in
Lower Saxony by estimating a Smultaneous system of behaviourd equations. He finds that an n-
crease in net debt has a Sgnificantly negative effect on investment; however, increasing liquidity re-
serves surprisingly act in the same direction as additiona debt. In GROLIG s andysis of German farm
accountancy network data, a weighted mean of profit levels of previous periods was taken to reflect
profit expectations. In various farm subgroups, these had a positive effect on investment, which might
be interpreted as a liquidity effect (see WITzZKE 1993, p. 248). KLAIBER uses a hogt of liquidity-
related variables to explain investment behaviour of farms in Baden-Wrttemberg, most of which
turned out to be sgnificant. A drawback of his andyss may be that he did not check endogeneity of
regressors, which is likely to be a problem in the cross-sectional data set used for the estimations. In
the development economics literature, FEDER et d. (1992) found a sgnificant effect of credit on
crop-related capitd and housing investment in at least some of the investigated Chinese provinces.
As KLAIBER (1988), FEDER et al. (1992) based thelr study on cross-sectiona data. PETRICK
(20029) investigates the effect of long-term credit access on farm investment, drawing on cross-
sectiond data from Poland. He finds that this variable has a highly sgnificant influence in the invest-
ment decison.

WEERSINK and TAUER (1989) explicitly compare the explanatory power of different investment

specifications by embedding various theoreticd views in a single equation. This aso includes cash
farm income and increase in externd debt. Based on their sample of New York dairy fams, the

authors find thet both are significant determinants of investment, athough income has a negetive sgn.

KuUIPER and THIJSSEN (1996) dso postulate a generd investment equation which integrates severd

theoreticad standpoints. Accordingly, they do not pretend to estimate a structura model provided by
theory but rely on an Error-Correction Model known from macroeconomics. This is based on a
vector autoregression (VAR) procedure, and hence provides a methodologicd link to the paper by
BIERLEN and FEATHERSTONE (1992) presented below. They find that increasing equity to equity
plus debt plays a sgnificant role in determining investment of Dutch farms.

In dl these sudies, liquidity variables hence turned out to have a sgnificant influence on invesmernt,
which is evidence for the thesis of credit rationing.” However, in most of the mentioned papers the
theoreticd framework is rather ad hoc. Often the analysis directly starts with a postulated investment
function, which isusudly different for the gudiesin the lower part of Table 2.

More recent and methodologically sophisticated research extends the traditiona approach by explic-
itly founding the analyss on astochastic optimisation problem. A generd description of such a
problem can be found in CHow (1997, pp. 22-23). The model may be regarded as a generalisation
of the forma mode of section 2.2 for the case of a multi-period decision under uncertainty. This type
of extended model can be solved by dynamic programming or the Lagrange method.

Similar to the gatic model, the absence of financiad congraints prescribes that firm behaviour obeys
the firsg-order condition of the dynamic optimisation problem (so-called stochastic Euler-equation,
see BOND and MEGHIR 1994, pp. 199-200). In principle, the condition postulates that in each pe-
riod the expected margind profit from investment equates its dynamic shadow vaue. If this condition
isempiricaly rgected, the perfect market modd is dismissed and financid congdraints are assumed to
be relevant.

" A related study that uses financial variables to explain the qualitative decision whether to invest at al is
ELHORST (1993).
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To avoid specification error, the usud procedure is to split the sample based on a priori information
into a condrained and an uncongrained subgroup. Qualitative information on credit rationing may
therefore be desrable. For the constrained group a modified investment equation including financid
variablesis then estimated. There are two broad approaches pursued in the literature (see BOND and
MEGHIR 1994, p. 200): (a) usng a VAR forecasting procedure in order to etimate the margina
profit from investment, which alows an excess sengtivity test, or (b) estimate the invesment function
as an empiricad Euler equation by employing the Generdlised Method of Moments (GMM; see
JOHNSTON and DINARDO 1997, pp. 327-345). The latter allows an empirica rgjection of the Euler-
equation. Due to its utilisation of the orthogondity condition in the framework of a GMM estimation,
this rgjection has been called ‘orthogondlity test' by HAYASHI (1987). In both cases, time series or
panel datais anecessary prerequidite. There are andogous gpplications in the consumption literature,
following HALL and MISHKIN (1982).

Frequent results are that firms classified a priori as congtrained digplay a higher sengtivity to financid
variables than uncongtrained ones, and the perfect market Euler equation is rejected by the con-
srained subsample. A recent survey of the literature is HUBBARD (1998). For illustrative purposes, |
briefly summarise three studies dedling with the agriculturd sectors in the U.S. and France, repec-
tivey.

HUBBARD and KASHYAP (1992) use a large panel of aggregate U.S. farm data to estimate invest-
ment functions based on Euler-equations. They test two variants of the Euler-equation againg the
data, one that implies perfect capitd markets, and one including financia variables due to an addi-
tiona borrowing congraint. The financid variable they use isthe farms net worth, which is supposed
to influence investment decisions as a measure of borrowing capecity. In adjacent periods with high
net worth (that is without congtraints), the assumption of perfect capita markets (and thus the first
Euler-equation) should hold, while borrowing condraints should be significant in periods with low net
worth. Farm net worth is therefore the implicit criterion to distinguish constrained and unconstrained
observations to avoid misspecification of the modd. The results of their estimations suggest that ()
the modd implying perfect capita markets was regected by the data, (b) including financid variables
as explanatories subgtantialy improved the fit of the mode, and (c) the effect of changesin net worth
was dgnificantly more important in times of a deteriorating economic environment for farming. Over-
al, the importance of capitd market imperfections could thus be proven, with farms' net worth as a
ggnificant determinant.

A comparable modd is estimated by BENJAMIN and PHIMISTER (1997) for French farm panel data.
Two main differences to HUBBARD and KASHYAP (1992) are that BENJAMIN and PHIMISTER (a)
use adifferent selection criterion to distinguish constrained and unconstrained periods, and that (b), in
addition to variables of financia dructure, they aso explicitly include pogtive transaction costs of
borrowing in their extended Euler-equation. Their data set has the advantage that it allows the identi-
fication of adjacent periods in which fams borrowed additiond funds. For these periods, credit
condraints are assumed to be absent, and the Euler-equation reflecting perfect capital markets
should apply. In periods for which borrowing congtraints are assumed to be present, an extended
Euler-equation that alows for transaction cogts of borrowing should hold. Both cases are estimated
with or without additiona financid variables by a GMM estimator. The results o rgject the perfect
capital market modd. The extended Euler-equation which alows for transaction costs and uses the
selection criterion, however, was not rgected. In both cases, incluson of financid variables could
not improve the fit of the modd. A generd result is thus thet different investment behaviour under
credit condraints could be detected empiricdly, dthough the role of financia variables could not
further be enlightened.
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BIERLEN and FEATHERSTONE (1998) base their study on a panel of individud U.S. farm data.® The
authors distinguish periods with or without credit rationing as well as subgroups of farms that are
more or less likely to be condrained. Ther selection criteria are farm individua level of assets, debt-
to-asset ratio, age of operator, and certain business cycles. They estimate investment equations for
the different subgroups by a VAR forecasting method. Cash-flow as an additiond explanatory vari-
able proved to be sgnificant (a) in 'bust’ periods and (b) for high-debt and younger-operator farms,
according to expectations of relevant credit congraints. Farm debt level was identified as being the
most important determinant of rationing.

For the purposes of this paper, the following evaluation can be given:

By preserving a theoretical foundation, the more recent studies provide a mgor extenson of the
previous gtatic household moddling approach since they explicitly incorporate time and uncer-
tanty.

Although less theoreticaly daborate, dso the earlier contributions are capable of detecting an
effect of financid variables on invesment.

A mgor disadvantage of the method is its enormous data requirements, at least for the more
sophisticated gpproaches. In the absence of sufficiently large pand data it might not yield satisfy-
ing results, which iswhy there are few studies on developing or trandtion countries.

Most advantages and drawbacks of econometric modelling mentioned earlier aso apply here,

4  DISCUSSION AND CONCLUSIONS

The fina section ams a synthessing the results of the previous survey by discussing the characteris-
tics of the various approaches along the lines of the criteria proposed in section 2.3. | conclude with
some generd comments on measuring credit rationing.

4.1 Définition and measurement of credit rationing

The previous andyss has shown that the surveyed methodologica gpproaches define credit rationing
in different ways which are partly incompatible. This gpplies in particular for the first gpproach men-
tioned, which understands credit rationing as present if high (quantifiable) transaction costs make
borrowing unprofitable for the farmer. In contrast, dl other approaches identify credit rationing with
an excess demand where the interest rate shows no tendency to bring supply and demand into equi-
librium. This leads to an upper credit limit that is not dependent on the borrower’ s return on the loan.
A rather smple way to ‘measure thisis by asking prospective borrowers whether they obtained as
much credit as desired, as in the second approach. The result is a quaitative indicator. A refinement
of this procedure is represented by the third approach, in which respondents are asked to quantify
their desred loan volume and the exogenous credit limit, so that the extent of credit rationing is
measured by a metric indicator. In both approaches, nothing is said, however, about the actua re-
payment capacity of the borrower and the return on the loan he is able to achieve. Whether there is
in fact a pogtive excess demand is hence only concluded from the respondents subjective assess-
ment. On segmented credit markets, the observed behaviour of the borrower to switch between
credit sourcesis dso aquditative indicator of credit rationing with regard to the primary source (asin
the second approach). An advantage to the quditative indicator of the second approach is that the
switch to the dlegedly more expensve secondary source (trade or informa credit) provides evidence

8 The theoretical basis of their study isGLCHRIST and HIMMELBERG (1995).
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that the borrower was in fact capable or at least willing to pay the interest rate of the primary source
(bank or formal lender).

The fifth and gxth gpproaches measure credit rationing by econometricaly investigating their conse-
quences within the farm-household decision process. In case that this procedure is regarded as valid,
i.e. the theoretical premises and the methodologica way of data andyss are accepted, both qo-
proaches produce metric measures of credit rationing which achieve a high degree of economic
meaningfulness. By meaningfulness | mean the explicit detection and quantification of disequilibriaand
non-separabilities.

4.2 ldentification of credit market inefficiency

It has been argued above that the quantification of transaction cogts is conceptudly difficult if not
impossible, because correct opportunity costs of resource use are usualy unknown. Furthermore,
which share of the transaction costs has to be borne by borrowers and therefore is included into the
caculation may differ between lending sources. Findly, it might be difficult to decide which transac-
tion cods are the result of necessary screening and monitoring activities and which are true inefficien
cies in the intermediation. The validity of this indicator as a measure of credit market efficiency is
therefore rather dubious.

The second and third approaches do not measure the repayment ability of the borrower and there-

fore apriori cannot discriminate between efficient and inefficient rationing. In other words, it remains
unknown whether bank and borrower smply had divergent views concerning the viahility of the
borrower’s project or her repayment capacity, or whether the borrower was in fact able to pay a
higher interest rate. This applies to alesser extent to the fourth gpproach, since borrowers document

their willingnessto pay the primary source by switching to the more expensve secondary source.

Under the assumption that the exogenous interest rate can be taken as an adequate benchmark, the
fifth goproach alows to correctly identify credit market inefficiencies. On theoretical grounds, it is
therefore among the most satisfactory approaches. The same is true with regard to the sixth -
proach, which tests whether loan access of farms is independent of financia variables, as postulated
to hold on efficient credit markets. However, detecting interdependencies between financid variables
and investment behaviour might be to a higher degree open to dternative interpretations than the
quantification of a shadow interest rate in excess of market rates (see HUBBARD 1998)."

At this point a key problem of conceptuaising efficiency deserves mentioning which redricts the
range of interpretation particularly of the fourth and fifth gpproaches. Both approaches take the neo-
classcd firg-best environment as a benchmark for their efficiency anadlyss. It was stated above that
credit rationing coincides with underinvestment if the assumptions of the forma modd in section 2.2
are made. On the other hand, a centra reason for credit rationing is seen in the presence of asym-
metric information or enforcement problems. However, on markets with asymmetric information, the
co-ordination mechanism of prices is severely distorted, so that prices do not necessarily reflect
economy-wide scarcities (STIGLITz 1987). As a result, the intimate connection between credit ra-
tioning and underinvestment breaks down. In a series of papers, DE MEzA and WEBB (1987; 2000)
have shown that credit rationing as a private excess demand does not necessarily coincide with ur
derinvestment as compared to a first-best world, and that it even may imply too much lending if in-

9 A particular problem in the investment literature is capturing investment opportunities of different firms and
separate these from shiftsin financial variables (HUBBARD 1998, pp. 199-200), which arguably might be more
problematic than measuring ex-post productivitiesin static production models.



28 MARTIN PETRICK

formation asymmetries are present. The consequence for the interpretation of the results of the fifth
gpproach isthat it till detects credit rationing, but that underinvestment can only claimed to be pres-

ent under the assumption that the market interest rate is not biased as a result of informationa asym-

metries. Smilarly, if researchers using the sixth gpproach find that there is a dependence between
financid variables and investment, this is evidence for a market falure, but the direction of
misalocation cannot be predicted — there may even be too much investment as compared with a
first-best solution.

4.3 Datarequirementsand potential for advanced data analysis

All approaches pursue a micro-level andyss, which generdly requires the availability of household or
farm data. Thistype of datais usudly not avallable from standard officid sources, particularly in low-
income or trandtion countries, which might be an ultimate barrier to the gpplication of any of the gp-
proaches. All approaches presuppose access to suitable cross-sectiona micro data, the more -
phisticated analyses of the sixth gpproach even demand pandl data. Furthermore, many approaches
rely on specific data concerning respondents’ loan transactions. It will therefore often be difficult to
work with existing (micro) deata sets, so that specifically designed surveys remain the only dterndive,
On the other hand, data requirements are such that they can be managed in surveys with a large
number of respondents without stretching their abilities and resources too far.

Comprehensve survey data sets will usudly alow the application of advanced methods of datistical
and econometric data andlys's, as the previous overview has demongtrated. This commonly includes
the gatisticd moddling of cause-effect rdations. The andyss will be the more powerful, the more
specificaly the available data is talored to the research question a hand. A case in point is the
quditative indicator used in the second gpproach, which not only dlows a direct andysis of the de-
terminants of faling in the group of rationed borrowers, but is dso of vaue with regard to the distinc-
tion of borrower groups for second-stage andyses, as in the fifth goproach. Smilar indicators of
group affiliation are aso required for the sixth approach.

4.4 Concduding remarks

The empiricd andlyds of credit rationing has attracted considerable attention by applied researchers
in previous years. This methodologica survey has shown that there are various gpproaches pursued
in the literature, with specific strengths and drawbacks. A generd conclusion is that the more sophis-
ticated the gpproaches in terms of micro-econometric andys's, the more economicaly meaningful are
the results. However, meaningfulness is conditional on the theoretical premises one makes, which
aso are stronger for more advanced econometric methods. Since the theoretical progress in the
andydgsof (rurd) credit marketsis il rather rgpid, future ingghts on the theoreticd leve are likely to
sour new lines of empiricad research and induce current methodologies to be refined and re-
examined.
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