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This paper considers the determinants of credit rationing and interest rates in the context of the 
Section villageoise  (SV) credit programs for peanut producers in Senegal.  We focus on the 
impact of subjective measures of the reputation of borrowers furnished by village leaders.  
Reputation is shown to play an empirically important role in determining the interest rate and the size 
of loan offered to borrowers.  The econometric results are shown to be consistent with a simple 
model of adverse selection in agricultural credit markets, and a competing explanation, based on 
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paper provides the first empirical analysis of the impact of reputation on contractual terms based not 
on indirect measures such as the length of the contractual relationship but on direct (subjective) 
evaluations of the reputation of borrowers.  As such, it provides evidence that lenders (in this case 
the SVs) are faced with a significant adverse selection problem, and that reputation allows them to 
tailor their transfer to borrowers. 
 
 
Address correspondence to: 
 
Professor Jean-Louis Arcand or Issa Faye 
CERDI-CNRS, Université d’Auvergne 
65 Boulevard François Mitterrand, 
63000 Clermont Ferrand, FRANCE 
email: arcandjl@alum.mit.edu 
          I.Faye@cerdi.u-clermont1.fr 

                                                 
* We thank participants in the CERDI development workshop, the Journées de Microéconomie Appliquée 
(Quebec City, June 2000), the Frankfurt Seminar on New Development Finance and the Heidelberg Workshop of 
Theoretical and Empirical Research in Microfinance ( September 2001)  for useful comments on previous drafts of 
the paper.  The usual disclaimer applies. 



 2

 
 

1. INTRODUCTION 
 

Prior to the financial market reforms of the early 1980s, Senegalese agricultural credit markets were 

heavily controlled by the state. For the highly seed-intensive main cash crop of Senegal, peanuts, the 

government allocated seed credit on a tax-roll basis: each household received a fixed amount of 

seed credit based on government tax rolls. Borrowers were charged a flat, in-kind interest rate of 25 

percent that was deducted from the value of their harvest.  In theory, delinquent borrowers were 

denied future loans but, in practice, the government tolerated low repayment rates by periodically 

reducing or eliminating outstanding debts, particularly in response to poor harvests or elections. As a 

result of periodic debt annulments and low repayment rates, the resulting outstanding debts became 

a crippling burden on state finances. By the early 1980s, the need for reform was pressing. 

 

One of the major features of the ensuing reforms in rural credit markets was the creation in 1983 of 

new micro-credit institutions named Sections Villageoises (SVs). These structures were envisaged 

as being new, more efficient co-operatives, less prone to state tutelage, that would eventually evolve 

into largely autonomous private enterprises. Since 1983, the SVs have played a particularly 

important role in the development of Senegalese agriculture, and have constituted the main channel 

through which formal credit is supplied to peanut producers. Typically, peanut production requires 

substantial outlays at planting time and most farmers actively seek out credit. 

 

In this paper, we assess the role played by the reputation of borrowers in the determination of debts 

contracts, particularly in terms of its impact on interest rates. We begin by constructing a model of 

adverse selection. The main assumption of this model is that the uncertainty faced by lenders is 

tempered by the public character of information, crystallized under the form of common knowledge.  

In our data, common knowledge concerning borrowers takes the form of reputation scores assigned 

to borrowers by village chiefs.  Our model assumes that while lenders know the mean productivity of 

borrowers, they cannot distinguish between borrowers of different types (i.e. those with low versus 

those with high productivity), although they do have access to information concerning the reputation 

of potential borrowers within the village community. The model, phrased in the terms of the 

mechanism design literature, yields an agency-type relationship with lenders offering a menu of 

contracts geared towards identifying different types of borrowers.  

 

Our focus on reputation as the major variable of interest constitutes the main contribution of the 

paper.   Indeed, to the best of our knowledge, our use of direct measures of the reputation,  

 

as opposed to proxies such as the duration of the contractual relationship (see, e.g., the recent paper 

by Banerjee and Duflo, 2001, on the Indian software market), constitutes a first in this literature.  
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Our theoretical model predicts, in mechanism design parlance, that the transfer from the lender to the 

borrower will be a decreasing function of the borrower's reputation.  This result parallels similar 

findings in an adverse selection framework within the insurance literature.   The comparative statics 

of the optimal credit contract also show that, while the size of the loan granted must be an increasing 

function of borrower reputation (this corresponds to the incentive compatibility constraint), the 

interest rate may be an increasing function of borrower reputation.  Our econometric results 

corroborate all of these theoretical predictions. 

 

Although our model is of a general, mechanism design form, and is thus not centered on the issue of 

credit rationing per se (see, e.g. the recent paper by Kochar, 1997), we test the robustness of our 

basic empirical results by breaking our main sample into two: rationed and non-rationed borrowers.  

Empirically speaking, we settle on a two-step Heckman-Lee procedure, as suggested recently by 

Leung and Yu (1996), and find empirical results that continue to corroborate the predictions of our 

theoretical model concerning the impact of borrower reputation on the interest rate. The estimation 

of a linear probability model confirms the robustness of our findings which, on the basis on a number 

of statistical diagnoses, are not subject to problems stemming from multicollinearity between the 

Inverse Mills Ratio and the regressors included in our second stage interest rate regression. 

 

This second set of empirical results suggest that a selection process is operative within the SV credit 

allocation process and that, while adverse selection would appear to be a problem in that a 

significant proportion of borrowers do not achieve their notional demand for credit, reputation allows 

lenders to temper this inefficiency, by tailoring individual loan contracts in part on the basis of 

borrower reputation. 

 

2. A SIMPLE MODEL OF ADVERSE SELECTION IN THE CREDIT MARKET 

 

The limits to our model 

 

It is important at the outset to understand the operating mechanism of an SV, and the portion of that 

mechanism that we are focusing on in the paper.  As Warning and Sadoulet (1998, pp. 118-9) put 

it: 

  
"…  A Section has two components, the general membership and the governing board.  
The active general membership typically comprises around 50 individuals from a village 
or a village quarter, and is primarily made up of male household heads, although 
dependent males and women can in principle, be members. The members of a section, 
elect a governing board, including a president, a secretary and a treasurer.  The 
president functions as the village intermediary, and has primary responsibility for 
determining how much  peanut seed credit to allocate to each member of the section in 
each year.  The intermediary receives no explicit rewards for on-time loan repayment.  If 
any member of the section defaults on his loan the entire section receives no further 
credit until the outstanding loan is repaid. Rather than forego future loans, the 
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members of a section generally pool their resources to repay the defaulting member's 
loan. The intermediary's share of the burden is determined by the other members of the 
section.  If the intermediary's decision to lend to the defaulting member is seen as 
irresponsible,  that is, if the loan was made to someone who was widely known to be a 
bad credit risk, the members of the section will hold the intermediary responsible for a 
disproportionate share of the loan…"                                       
 

 

It is also useful to recall that an SV functions on a two-tiered basis.  First, there is group lending 

based upon a contract between the funding agency and the SV, considered as a group of 

borrowers.   In this context, there exists joint-liability regarding repayment.  In the event of a 

member's default, the others have to repay his debt, otherwise the entire SV is denied future credit 

until the outstanding debt is repaid.  Second, we have the contractual relationship between the 

intermediary and each member to whom he allocates credit.  At this level, things take the form of an 

individual loan.  In this paper, we focus on the role played by reputation at this second level. 

 
At first glance, it would seem that there are few incentives that would lead anyone towards playing 

the role of the intermediary because, on the one hand, there exists no explicit remuneration 

associated with the role and, on the other, he may incur substantial penalties in the case of borrower 

default. Nonetheless, the intermediary's position is very attractive. To understand why, further 

thought needs to be given to the unmeasured benefits that can accrue to the intermediary.   As 

Warning and Sadoulet put it: 

           
These benefits can be understood in the context of the economic and social org anisation of 
rural communities. Rather than engaging in single -stranded, impersonal and immediate market 
transactions, an individual typically transacts with selected members of his or her community 
in multi-stranded, personalistic, inter-temporal interactions. Exchanges in the economic, 
political or social sphere at a given date become inter-temporal obligations that are 
compensated at a future date with exchanges in the same or another sphere. For example, one 
individual may provide his son's labour service on another's fields today and be compensated 
in the future by a 'gift' of a share of the harvest, support of his position in community political 
affairs, or assistance in finding a suitable spouse for his child. 

 

Similarly, they argue that  

                    
…A loan granted to a person influential in village politics is likely to have higher 
returns than one granted to someone whose opinions are not valued. Similarly, 
granting a loan to a relative may yield higher returns given the repeated-game nature of 
family interactions…  At any given time, an individual has a stock of such obligations 
owed to him that he has accumulated through past exchanges with members of his 
community. 
 

In our empirical work, we attempt to take these factors into consideration, by including variables 

aimed at capturing the net returns of these accumulated obligations.  



 5

 

The model 

 

Let the unobservable productivity of borrowers be denoted by the random variable θ  distributed 

over the interval [ , ]θ θ  according to the probability density function ( )f θ .  We shall write the profit 

of the lender as ( )(1 ) (1 )i r DΠ = + − + , where ( )1 i+  is the interest rate charged to the borrower, 

( )1 r+  is the opportunity cost of capital, and D  is the size of the loan.  The borrower's income after 

repayment of the loan, on the other hand, is given by ( ) (1 )Y A D i Dθ= − + , where ( )A D  is the 

return to the loan, where we assume that 0, 0A A′ ′′> < , and where the multiplicative specification 

in θ  is chosen for analytical tractability. 

 

In order to apply the standard theory of mechanism design to this problem, we define (1 )t i D≡ − +  

as the transfer from the lender to the borrower.  This allows us to rewrite the two parties' objective 

functions as: 

(1) ( , ( ), ( )) (1 ) ( ) ( )D t r D tθ θ θ θ θΠ = − + − , 

and  

 ( , ( ), ( )) ( ( )) ( )Y D t A D tθ θ θ θ θ θ= + . 

From the Revelation Principle, we know that we can restrict our attention to mechanisms that are 

incentive compatible, in that they ensure that the borrower will truthfully reveal his type through his 

choice of a given debt contract.  This means that it must be the case that  

 
{ }

argmax ( ( )) ( )A D t
θ

θ θ θ θ= +
%

% % , 

that is, choosing the contract intended for a type θ  borrower must be the optimal behavior for a 

borrower who is indeed of type θ .  The first-order condition (FOC) that implicitly characterizes 

incentive compatible debt contracts in this context is therefore given by: 

(2) 
( ) ( )

( ( )) 0, [ , ]
dD dt

A D
d d

θ θθ θ θ θ θ
θ θ

′ + = ∀ ∈ . 

Through standard arguments, the second order condition that guarantees that the previous FOC is 

sufficient in addition to being necessary, boils down to the restriction that: 

(3) 
( )

0, [ , ]
dD

d
θ θ θ θ

θ
≥ ∀ ∈ . 
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The lender's optimization problem is then posed as: 

(4) ( )max ( , ( ), ( )) ( ) max (1 ) ( ) ( ) ( )D t f d r D t f d
θ θ

θ θ
θ θ θ θ θ θ θ θ θΠ = − + −∫ ∫  

subject to constraints (2) and (3).  Without loss of generality, we will suppose in what follows that 

( )f θ  is given by the uniform distribution over [ , ]θ θ  ( ( ) 1/( )f θ θ θ= − ), and we choose the 

normalization 1θ θ− = . 

 

A first important result in terms of the comparative statics of debts contracts in the presence of 

adverse selection is immediate from the characterization of incentive compatibility (equation (2)), 

which can be rewritten as: 

(5) 
( ) ( )

( ( )) 0
dt dD

A D
d d
θ θθ θ
θ θ

′= − < . 

This is a standard result, transposed to the context of debts contracts, that is familiar in the 

mechanism design literature. 

 

If the reputation that the borrower enjoys with the village chief is indeed a good measure of 

unobservable productivity, and if the market for loans in the context of the Sections villageoises is 

indeed characterized by adverse selection, it follows that the transfer function from the lender to the 

borrower must necessarily be a decreasing function of the borrower's reputation, or, in other terms 

that 

 
(1 ( )) ( ) ( )

( ( )) 0
d i D dD

A D
d d
θ θ θθ θ
θ θ

+ ′= > . 

In order to characterize more fully the optimal transfer function from the lender to the borrower, we 

define the surplus ( )S θ  enjoyed by the borrower as the difference between his welfare and his 

reservation level of welfare, denoted by Y : 

 ( ) ( ( )) ( )S A D t Yθ θ θ θ= + − . 

Taking the derivative with respect to θ  allows one to write: 

 
( ) ( ) ( )

( ( )) ( ( ))
dS dD dt

A D A D
d d d

θ θ θθ θ θ
θ θ θ

′= + + . 

Combining this with equation (2) yields: 

 
( )

( ( ))
dS

A D
d

θ θ
θ

= . 
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Note also, using equation (1), that we can write  

 ( , ( ), ( )) ( ( )) ( ) (1 ) ( )D t A D S Y r Dθ θ θ θ θ θ θΠ = − − − + . 

It follows that the lender's optimization problem, given by (4), can be re-expressed as: 

 

( )max ( ( )) ( ) (1 ) ( )

( )
. . ( ( )),

( )
0.

A D S Y r D d

dS
s t A D

d
dD

d

θ

θ
θ θ θ θ θ

θ θ
θ
θ

θ

− − − +

=

≥

∫
 

This is a problem that is easily amenable to treatment using Pontryagin's Maximum Principle, where 

( )S θ  is the state variable and ( )D θ  is the control.  Forming the Hamiltonian, and ignoring the 

second constraint, as is usual in this type of problem (we shall verify ex post that the SOC for the 

incentive compatibility of the contract is indeed satisfied at the optimum), we can write: 

 ( )( ) ( ( )) ( ) (1 ) ( ) ( ) ( ( ))H A D S Y r D A Dθ θ θ θ θ λ θ θ= − − − + +  

where ( )λ θ  is the co-state variable.  We then obtain the usual characterization of the optimum as 

(6) 
( )

0 ( ( )) (1 ) ( ) ( ( )),
H

A D r A D
D
θ θ θ λ θ θ∂ ′ ′= = − + +

∂
 

(7) 
( ) ( )

1,
H d

S d
θ λ θ

θ
∂ = − = −

∂
 

plus the transversality condition 

(8) ( ) 0λ θ = . 

Integrating equation (7) and using the transversality condition (8) allows one to write: 

 ( )λ θ θ θ= − . 

Substituting into equation (6) then yields: 

(9) ( )0 2 ( ( )) (1 )A D rθ θ θ′= − − + . 

A general result from the mechanism design literature is that borrowers of type θ  will achieve the 

first-best optimum and will face a binding individual rationality constraint, whereas borrowers for 

whom θ θ>  will enjoy an informational rent because of the adverse selection problem (thereby 

depressing the lender's expected profits with respect to their level under the first-best optimum).  

Note that the first portion of this result is satisfied here since, for θ θ= , our condition boils down to  

 0 ( ( )) (1 )A D rθ θ′= − + . 
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In words, this condition expresses the fact that the loan granted to type θ  borrowers is such that its 

marginal productivity ( ( ( ))/ )A D Dθ θ∂ ∂  is just equal to the social opportunity cost of capital 1 r+ .  

This means that 1 ( ) 1i rθ+ = + . 

 

Will ( )D θ  indeed be an increasing function of θ  as is required by the constraint that we have so far 

ignored ?  Consider equation (9), and differentiate it implicitly with respect to θ .  We obtain: 

 ( )
( ) 2 ( ( ))

0
2 ( ( ))

dD A D
d A D

θ θ
θ θ θ θ

′
= − >

′′−
. 

Thus, the constraint that ( ) / 0dD dθ θ ≥  is satisfied by our solution. 

 

Now consider the definition of the transfer function once more: ( ) (1 ( )) ( )t i Dθ θ θ= − + .  Taking 

derivatives with respect to θ  yields: 

 [ ]( ) (1 ( )) ( )
(1 ( )) ( ) ( ) (1 ( ))

dt d d i dD
i D D i

d d d d
θ θ θθ θ θ θ
θ θ θ θ

+= − + = − − + , 

which we know from equation (5) must be negative.  Since ( ) / 0dD dθ θ ≥ , it follows that it is 

entirely compatible with incentive compatibility that (1 ( ))/ 0d i dθ θ+ > , since this will ensure that 

the transfer function ( )t θ  is indeed decreasing in θ . 

 

3. EMPIRICAL IMPLEMENTATION 

 

The empirical analysis is based on data from a survey of the heads of 95 farming households 

conducted by M. Warning in the peanut basin of Senegal in 1992-94.1 These households are a sub-

sample of households surveyed in 1989-91 as part of a study undertaken by the International Food 

Policy Research Institute (IFPRI) and the Institut Sénégalais de Recherches Agricoles (ISRA). 

According to Warning and Sadoulet (1998), sample households in each surveyed village were 

selected randomly from the pool of all agricultural households after “uncooperative and very atypical 

households” were excluded. The sub-sample consists of the three IFPRI/ISRA survey zones: 

Niakhar, Passy and Dioli.  While the IFPRI/ISRA study collected data on all household members, 

our study concerns only the activities of the household heads, as the latter constitute the active 

members of the SVs. 

 

 

                                                 
1 We use the same dataset as Warning and Sadoulet in their 1998 Journal of Development Studies paper. 
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Description of the variables 

 

Table 1 presents summary statistics for the variables used in the econometric analysis that follows for 

the full sample on the one hand, and unconstrained borrowers on the other.  For the full sample, the 

average effective interest rate charged is equal to 26% over a six month period.  The average age of 

household heads is 51, and the mean non-agricultural income of these households is over 110,000 

CFA Francs.  Most (80%) household heads are aware that they face penalties if they do not repay 

their loan.  Among household heads, 38% have access to a large peanut producer, who is a relative, 

a friend or both and who could lend them peanut seeds.  The same proportion of household heads 

(though not the same individuals) are members of a producer organization of some kind (a GIE 

(Groupement d'intérêt économique) or a ABP (Association de base)).  The mean value of the 

livestock owned by these household is slightly greater than 252,000 CFA Francs, whereas the mean 

value of agricultural implements barely exceeds 19,000 CFA Francs.  The mean distance that 

separates households from their SV is 3.7 km.  While most households do receive peanut seeds 

from the ARB program, this contribution is minimal with the mean amount received being slightly in 

excess of 10kg (less than one seventh of the total amount they use).  Fifty-five percent of household 

heads deem the amount of land they possess sufficient, and 22% are capable of lending out land to 

relatives or friends.  Households usually have access to at least one alternative source of formal 

credit and have been refused credit by the SV less than once over the previous three years. The 

length of the acquaintanceship between lenders and household heads is about 35 years on average. 

Only 7.3% of the household heads are officials of the PS party (the governing party when the 

household were surveyed). People surveyed are household heads during 22 years on average. Their 

mean education level correspond to less than 1 year in french schooling, 14.7% of them are member 

of a SV's board of director and 75.5% are from the same ethnic group than the lender. They use on 

average 6 employees for agricultural work and receive 48.547 kg of peanut seed from the SVs.  

The mean salary paid to their employees is about 4517.368 FCFA and 1750.526 FCFA for a day's 

community work.  

 

The full sample can be broken down into two subsamples, with 55 households who obtained the 

amount of credit they requested and 40 households who did not.  Unfortunately, missing data 

involving the interest rate affects a large proportion of the rationed subsample.  Subject to this 

caveat, credit constrained households are charged a slightly lower interest rate than unconstrained 

households.  Unconstrained household heads are slightly younger than their constrained brethren and 

their mean income is almost twice as large. Unconstrained household heads are also much more 

aware of the existence of penalties if they do not repay their loan, but have less access to alternative 

forms of peanut credit from a relative or a friend.  No significant difference exists between the two 

groups in terms of their livestock or agricultural machinery ownership.  The village of Ndathiang 

appears to be much more prone to credit rationing than do the other villages in the sample, whereas 
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the average distance separating a borrower from her SV is six times larger for unconstrained 

borrowers than for those who are constrained.  Non rationed borrowers also engage in much more 

intense peanut farming than do constrained borrowers; they receive more credit from the ARB 

program and have been refused loans by their SV over the past three years less frequently. 

 

The subjective measures of reputation used in this paper were collected by Warning in the context of 

the aforementioned IFPRI survey.  Confidential interviews were carried out with each village chief 

and reputation scores were assigned to each household head in terms of his work habits and his 

repayment behavior.  Scores were based on a four point scale with 1 corresponding to "bad", 2 to 

"mediocre", 3 to "good" and 4 to "very good".  In order to control for potential differences in the 

evaluations carried out by different survey teams, these scores were then normalized with respect to 

the mean score assigned by a given team.  The data we use in our empirical work correspond to the 

percentage deviation of the reputation score of a given household head with respect to the mean 

score attributed to the heads surveyed by the same team.  Constrained borrowers display slightly 

higher loan repayment reputation scores than do unconstrained borrowers, whereas the opposite is 

true for reputation in terms of work habits.  Our aggregate measure of borrower reputation, 

constituted by the product of the two scores, is slightly higher on average for non constrained 

borrowers, although none of these differences are statistically significant at the usual levels of 

confidence. An alternative aggregate measure of reputation that we use is constitued by the first 

principal component of the two scores. As will become clear in the empirical results that follow, 

either aggregate measure of  reputation yields similar results. 

 

The main empirical result 

 

The main empirical results, which correspond to the empirical implementation of the theoretical 

model proposed above, are presented in Table 2. We present two sets of results, based on our two 

alternative measures of borrower reputation. For each measure of reputation, we present three 

regressions. First, we report results that correspond to a transfer function regression, where we 

expect, if adverse selection is present in the SV credit market, to see the transfer from the lender to 

the borrower be a decreasing function of borrower reputation. This corresponds to the theoretical 

result enunciated in equation (5). Figure 1 provide a kernel density estimation of the distribution of 
the transfer from the borrower to the lender ( )1 i D+ in the sample.  Second, we consider a “size of 

loan regression”: according to the second order condition for incentive compatibility, separating 

credit contracts imply that loan size should be increasing in borrower reputation. Third, we report 

results corresponding to the interest rate. As was shown in the discussion at the end of the 

theoretical section, the sign of the coefficient associated with reputation can go either way, and can 

even be positive when adverse selection problems are present.  
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Our empirical results, when our aggregate measure of borrower reputation is the product of his two 

scores, do not reject the predictions of our theoretical model. The transfer from the lender to the 

borrower is indeed a decreasing function of borrower reputation, loan size is increasing in reputation, 

and the interest rate is also increasing in reputation. Results based on our second aggregate measure 

of borrower reputation (the first principal component of the two measures) are even stronger than 

the first. As such, these results imply that adverse selection is present in the SV credit system, and 

that lenders use the information conveyed by borrower reputation in order to attempt to mitigate its 

deleterious effects. The cost of this informational asymmetry is brought into sharp focus by the 

interest rate equation results, where it is clear that borrowers with good reputations are penalized 

with respect to those with poor reputations, in order to allow lenders to mitigate the risks they face 

from lender perceived to be of extremely low quality. 
 
 

What determines the interest rate ? 

 

Aside from reputation, what determines the interest rate?  Returning to the empirical results 

presented in Table 2, it is striking that the value of draft animals significantly reduces the interest rate: 

this may be evidence of collateral effects in that draft animals as a component of the livestock is often 

the only marketable asset available to the household.  

 

Household heads who are aware of the existence of penalties in the event that they do not repay the 

loan are also charged lower interest rates (the SV must "know that they know" for this to make 

intuitive sense), as are households who pay salaries to their employees (which may be a indirect 

measure of the productivity of the borrower).   

 

Conversely, For the household heads who have a friend, relative or both who is large peanut 

producer and potential peanut seed credit source, the interest rate they incur is significantly higher 

than others. The same applies to housholds with a large value of agricultural equipments and who 

have access to several formal credit sources. One can interpret such a phenomena by arguing that 

these borrowers are more likely to default strategically (they are de facto more riskier). The interest 

rate is increasing in the distance that separates the borrower from the SV.  The latter is probably 

evidence of the higher costs incurred by the SV in monitoring borrowers who live far away.  
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Robustness 

 

The main empirical results, based on the full sample, have established that separating contracts, 

tailored to each borrower’s reputation in an effort to mitigate what is probably an extremely severe 

adverse selection problem, result in a transfer from the lender to the borrower that is decreasing in 

reputation, a loan size that is increasing, and somehow paradoxically, an interest rate that is 

increasing in a borrower’s reputation. This last result is striking. In order to ascertain its robustness, 

and in order to place this paper within the broader empirical literature concerned with credit 

rationing and interest rate determination in LDCs, we now consider a series of econometric 

procedures geared towards assessing the empirical validity of this result. In order to do so, we break 

our sample into two subsamples, which correspond to (i) constrained and (ii) unconstrained 

borrowers.  

 

Conceptually, the problem is now broken down into two parts. First, we must understand those 

factors that result in a borrower not achieving his notional demand for credit. This corresponds to a 

discrete choice specification. Second, conditional on a borrower belonging to a given subsample, we 

attempt to understand those factors underlying interest rate determination. The combination of these 

two procedures results, of course, in an empirical approach that should correct for any selection bias 

that might exist in estimates based simply on breaking the aggregate sample of borrowers into two. 

For empirical reasons, we choose to focus exclusively on the subsample of unconstrained borrowers 

(after allowing for missing observations, the subsample of constrained borrowers boils down to 19 

individuals). 

 

Our basic empirical specification is constituted by a selection equation where the left-hand-side 

(LHS) variable is equal to 1 if the borrower received the amount of credit requested and  

zero otherwise, and an interest rate equation where the LHS variable is the interest rate paid by the 

borrower over the six months of the loan from the SV.   

 

We begin by estimating this system of equations by Limited Information Maximum likelihood 

(LIML). Results are presented in the first two columns of Table 3 (6). As should be obvious from 

the results, our basic empirical finding is robust to breaking the original sample into two.  First, our 

measures of reputation are statistically insignificant in the rationing probit, whereas the coefficient 

associated with the joint measure of reputation is positive and statistically significant at the usual 

levels of confidence in the interest rate equation. The interest rate they are charged by the SV is an 

increasing function of their reputation that is, as was noted above, perfectly coherent with the 

presence of adverse selection.   
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Of concern in these results is our apparent inability to satisfactorily estimate ρ , the coefficient of 

correlation between the error terms of the rationing and interest rate equations.  

As is well-known, this may be due to the sensitivity of the ML procedure to model specification.  As 

such, estimating our model using a sample selection procedure may be inappropriate.   

 

In order to ascertain whether the selection specification is indeed appropriate, we re-estimated the 

model using the simpler Heckman-Lee two-step procedure.  Parameter estimates, presented in 

columns 3 and 4 of Table 3 (6), are largely similar to those obtained by the maximum likelihood 

procedure (moreover, the three reputation variables are jointly indistinguishablefrom zero in the 

rationing probit).2   The parameter associated with the Inverse Mills Ratio (IMR) is statistically 

significant at the usual levels of confidence and a priori implies the rejection of an alternative 

specification based on the two-part model (2PM) without sample selection of Duan et al (1983, 

1984, 1985) and Manning et al (1987).  As a basis for comparison, the last three columns of Table 

5 (8) present parameter estimates based on the 2PM specification. Note that the impact of 

reputation on the interest rate faced by non-rationed borrowers is, as before, positive, and that the 

point estimates are very close to those obtained through the two-step Heckman-Lee procedure.3 

 

As has recently been shown by Leung and Yu (1996), rejecting the 2PM specification on the basis 

of the simple t-test associated with the coefficient on the IMR is valid only in the absence of 

collinearity between the IMR and the regressors included in the second stage of the Heckman-Lee 

procedure.  Moreover, Monte Carlo simulations show that this form of collinearity can result in the 
kind of unsatisfactory estimates of ρ  we were confronted with in our ML results.  In this case (a 

high degree of collinearity between the IMR and the regressors included in the second stage least 

squares regression), Leung and Yu (1996) come down squarely in favor of the 2PM specification.  

Although no definitive diagnostic test of collinearity exists, they do suggest considering (i) the simple 

correlations between the IMR and the regressors included in the second stage, (ii) the R-squared of 

a regression of the IMR on these same regressors, (iii) the average value of the variance inflation 

factor, and (iv) the condition numbers (initially suggested by Besley, Kuh and Welsch, 1980).   

 

For the specification presented in column 4 of Table 3 (6), the simple correlations between the IMR 

and the regressors are all relatively small, the R-squared of the regression of the IMR on the 

                                                 
2 This phenomena is not surprising at all if we bear in mind that the lender (the intermediary) could  aim to maximize the stock of 
obligations owed to him in the political or social sphere as mentioned previously in this paper.  In this case, he just do not care 
about reputation. Moreover, if we go back to table 1 (column 2 and 5), we can see that the the fact of being an official of the PS 
party increases the size of the loan received from the lender. 
3 It is also worth noting, in the probability of being rationed probit, that the quantity of peanut seed used increases the probability 
of being in the non-constrained regime while the number of requests for credit refused over the previous three years decreases the 
probability of being unconstrained.  The latter effect, which must be distinguished from the reputation scores attributed to 
borrowers by village chiefs, indicates that the SV may simply be following a simple rule of thumb in determining who receives the 
amount of credit requested and who does not. 
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regressors is equal to 0.42 (0.40), the average value of the variance inflation factors is equal to 2.55 

(2.45) and none are larger than 10 (the standard cutoff value above which collinearity problems are 

deemed to be problematic) and the condition numbers we obtain (using various specifications) are 

never greater than 6.54 (6.46) (the standard cutoff value suggested by Besley, Kuh and Welsch is 

30).  All of these diagnostics suggest that multicollinearity is not a problem in our specification and 

suggest rejecting the 2PM specification in favor of the selection specification presented in the last 
two columns of Table 3 (6).  It is probable then that our inability to correctly estimate ρ  in the ML 

procedure stems from the relatively weak exclusion restrictions imposed on our interest rate 

equation, which may, in conjunction with relatively high censoring frequencies, significantly reduce 
the domain of ρ . 

 

A further test of the robustness of our results is provided by estimating the selection specification 

while replacing the first-stage probit equation by a linear probability model.  Given that the 

identification conditions associated with the linear probability model version of the Heckman-Lee 

procedure are somewhat different from those associated with the probit specification (in particular, 

exponents and powers of the regressors are often suggested as identifying restrictions, in the sense 

that they appear in the first-stage linear probability equation and are absent in the second stage 

equation —such regressors are not needed in the probit specification as identification is ensured by 

the IMR being a non-linear function of the explanatory variables included in the probit equation), 

estimation of this specification should provide an additional test that a selection specification is 

indeed to be preferred to the 2PM approach. 

 

Results corresponding to the linear probability specification are presented in the first three columns 

of Table 5 (8), with the first two columns differing by the inclusion of distance squared (other 

quadratic terms were included and were found, as with distance, to be statistically indistinguishable 

from zero; inclusion of such terms was suggested by Olsen (1980) as a means, subject to increasing 

multicollinearity problems in the selection equation, of raising the number of identifying restrictions, 

although no palatable theoretical reason exists for excluding these higher order terms from the 

second stage equation).  As is apparent from the results, and although the point estimates are 

necessarily different, the basic message is essentially the same: the interest rate charged to non-

rationed borrowers is increasing in the borrower's reputation. 

 

A final test of the robustness of our results involves potential endogeneity issues: of particular 

concern are the revenue variables (revenue from marketed output and non agricultural revenue) and 

the quantity of peanut seeds used.  For the first two variables the chosen exogenous instruments are 

the household's total labor endowment excluding household head, the wage rates associated with a 

day's community work and an agricultural work and the education variable (years in french 

scooling).  For the use of peanut seeds, the exogenous instrument is the household's total labor 
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endowment excluding household head.  The p-values associated with the corresponding exogeneity 

tests in the selection equation and in the interest rate equation are presented in the lower portion of 

Table 4 (7).  On the basis of the test results, we cannot reject the null hypothesis of the exogeneity of 

the variables in question. 

 

We also carried out all of the above mentioned empirical procedures while replacing our basic 

measure of borrower reputation with its first principal component. The results are presented in tables 

6, 7 and 8, and confirm those conclusions reached with the first scalar measure of borrower 

reputation. 

 

Are other theoretical interpretations coherent with the data ? 

 

One particularity of our direct measures of borrower reputation are that they are constituted by two 

distinct variables.  On the one hand, "work habits" may be directly related to the productivity of the 

borrower.  Reputation in terms of "repayment of the loan" on the other hand, may be associated with 

strategic default considerations.  In this case, the focus shifts to moral hazard and the theoretical 

interpretation of our results could be different. 

 

Consider a simple model of lending with strategic default.  Let the return to a project financed by a 

loan of size D  be equal to AD  with probability θ  and zero otherwise.  In contrast to the model of 

adverse selection, the parameter θ  is now a personal datum associated with a given borrower and is 

known to the SV; θ  corresponds in what follows to the "work habit" reputation of the borrower.  

Let all borrowers have a fixed demand for credit given by D . 

 

For obvious reasons, strategic default can obtain only in the case where the project is successful.  

Assume that the borrower derives benefits from maintaining his reputation (access to credit in the 

future, social prestige in the village, etc.).  Let the present discounted  
value of these benefits be equal to V  with probability ρ  and zero otherwise, where the parameter 

ρ  therefore corresponds to the reputation of the borrower in terms of his repayment behavior. 

Conditional on the project being a success, the borrower's profits when he does not engage in 
strategic default are given by ( )1AD i D V− + + , whereas when he does he obtains AD  (the 

borrower does not repay the loan, but loses the present discounted value of his reputation).  The 
lender can ensure that strategic default will not obtain by setting ( )1 i D+  such that 

( )1AD i D V AD− + + ≥ , which boils down to a simple No Strategic Default (NSD) constraint 

given by ( )1 i D V+ ≤  (it should be obvious that borrowers who attach a value of zero to 

maintaining their reputation will always engage in strategic default). 

 



 16

From the lender's perspective, the expected return of lending to a peasant with "work habit" 
reputation θ  and "repayment" reputation ρ  is given by (1 ) (1 )Ei D i Dθρ+ = + , where we take 

expectations with respect to the borrower engaging in strategic default and the expectation with 

respect to the project being a success (for simplicity, we assume that these two random variables are 

uncorrelated).  Equating the expected rate of return on the loan to the opportunity cost of capital 
yields the equilibrium rate of interest ( )* 1 11 1i rθ ρ− −+ = +  which, it should be obvious, is 

decreasing in both forms of reputation.  Substituting into the NSD condition yields 
( ) 11 r DVθρ −≥ + , which implies that (for fixed D ), all potential borrowers with a product θρ 

which is smaller than the critical value given by the right-hand-side of the previous inequality will be 

denied credit (alternatively, if D  can be chosen by the lender, it will be an increasing function of 
θρ).   

 

A simple model which incorporates strategic default considerations therefore leads one to testable 

hypotheses that are clearly at odds with our empirical results.  On the one hand, the probability of 

being credit constrained should be a decreasing function of both types of borrower reputation.  On 

the other, the interest rate charged to unconstrained borrowers should be a decreasing function of 

both types of reputation. Both of these hypotheses are strongly rejeted by our empirical results 

based on a simple two-step Heckman-Lee procedure. 

 

 

4. CONCLUDING REMARKS 

 

In terms of the question "Is adverse selection a problem in the context of the SV credit market?", our 

answer, based on our empirical results and their interpretation in terms of a simple model of adverse 

selection is a resounding "yes".  To the question "Do strategic default concerns constitute an 

important determinant of SV behavior" our answer is "no".  The upshot is that informational 

asymmetries are a key feature of the micro-credit environment in Senegal and that borrower 

reputation plays a key role in allowing lenders to mitigate this source of inefficiency in that it is an 

important determinant of interest rates. Actually, it seems like lenders are dampening the deleterious 

effect of adverse selection by charging higher interest rate to non-rationed borrowers with good 

reputation. From the policy perspective, an operative credit rating agency for Senegalese peanut 

farmers reputation already exists —village leaders, although it does not appear to alleviate the key 

constraint constituted by credit rationing. 
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Table 1. Descriptive statistics. Full sample: 95 observations  
 
Variables 

 
Description 

 
Mean 

 
Std. dev 

 
Min 

 
Max 

Interest rate Over six months 0.25 0.257 0 1.25 
Characteristics of head      
Age in years 51 11.7 27 75 
Non ag. revenue in CFA Francs 110,928 153,305 0 680,000 
Different religion than lender dummy = 1 when lender and 

borrower do not belong to the 
same religious community 

0.404 0.493 0 1 

Head aware of sanction dummy = 1 if borrower is 
aware of sanctions in case of 
default 

0.8 0.402 0 1 

Relative/friend, merchant dummy = 1 if a relative/friend, 
merchant is potential source 
of peanut credit  

0.126 0.334 0 1 

Relative/friend, government 
officer 

dummy = 1 if a relative/friend, 
gov. officer is potential source 
of peanut credit  

0.105 0.308 0 1 

Relative/friend, big peanut 
producer 

dummy = 1 if a relative/friend, 
big producer is potential 
source of peanut credit  

0.379 0.488 0 1 

Lender-client relationship  dummy=1 if lender & 
borrower's relationhip is only 
a lender-client one 

0.010 0.103 0 1 

Lenght of acquaintanceship  in years 35 16.719 0 65 
Years in french schooling in years 0.51 1.669 0 8 
Head, official of PS party dummy=1 if  head is an 

official of the PS party 
0.073 0.263 0 1 

Years as household head in years 22 12.847 1 50 
Member of SV's board dummy=1 if  head is a member 

of SV's board  
0.147 0.356 0 1 

Same ethnic group than 
lender 

dummy=1 if borrower is from 
the same ethnic group than 
lender 

0.755 0.432 0 1 

Member of GIE or ABP  dummy = 1 if borrower is a 
member of a GIE or ABP 

0.379 0.488 0 1 

Other characteristics       
Value of livestock  in CFA Francs 252,016 335,835 10,000 2,322,500 
Value of ag. equipment in CFA Francs 29316 17283 0 80,000 
Passy dummy=1 if borrower's from 

Passy SV 
0.074 0.263 0 1 

Ndathiang dummy =1 if borrows from 
Ndiathiang SV 

0.105 0.308 0 1 

Distance in kilometers, from dwelling 
to SV 

3.7 25.8 0 250 

Land deemed sufficient dummy = 1 if the land deemed 
sufficient 

0.547 0.500 0 1 

Quantity of peanut seeds used in kgs 74.4 114.5 0 550 
Quantity of seed received 
from the ARB program 

in kgs 12.1 28.9 0 130 

Number of sources of formal 
credit 

 1.231 0.750 0 4 

Number of requests for credit 
refused since 1990 

 0.61 1.104 0 5 

Working days without equi.  0.337 1.641 0 12 
Outstanding debts dummy=1 if borrower had 

outstanding debts 
0.042 0.203 0 1 

Wage rate for agricultural 
work 

in FCFA 4517.368 16143.23 0 128,000 

Wage rate for a day's 
community work 

in FCFA 1750.526 5601.65 0 45,000 

Total labor endowment  6 4.148 0 23 
Loan size in kgs 48.547 52.174 0 250 
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Revenue from marketed 
output  

in CFA Francs 39,448 59,565 0 291,750 

Reputation variables      
Repayment score (RS)  -3.337 13.236 -37.582 33.463 
Work habits score WHS)  2.532 15.337 -65.346 38.614 
RS × WHS 
First principal component 

 -149.541 
-0.007 

413.087 
1.352 

-2186.67 
-4.840 

426.654 
3.158 

Transfer  -91.345 78.885 -440.537 -22.25 
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Figure 1: Kernel Density Estimate  
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Table 1 (continued) Descriptive statistics: 46 Unconstrained borrowers for whom an 
interest rate is observed 

Variables  
 
Description Mean Std.dev. Min Max 

Interest rate Over 6 months 26 0.241 0 0.945 
Characteristics of head      
Age in years  48 11 27 70 
Non ag. revenue in CFA Francs  142,585 192,592 0 680,000 
Different religion than 
lender 

dummy = 1 when lender 
and borrower do not 
belong to the same 
religious community 

0.369 0.488 0 1 

Head aware of sanction dummy = 1 if borrower is 
aware of sanctions in case 
of default  

0.787 0.414 0 1 

Relative/friend, big 
peanut producer 

dummy = 1 if a 
relative/friend or big 
producer is potential 
source of peanut credit  

0.319 0.471 0 1 

Member of GIE or ABP 
dummy 

dummy = 1 if borrower is a 
member of a GIE or ABP 

0.447 0.502 0 1 

Other characteristics       
Value of livestock  in CFA Francs  281,636 315,585 21,675 1,563,625 
Value of ag. equipment in CFA Francs  31064 16646 0 70000 
Ndathiang dummy =1 if borrows from 

Ndiathiang SV 
0.170 0.380 0 1 

Distance in kilometers, from 
dwelling to SV 

1.359 3.831 0 26 

Land deemed sufficient dummy = 1 if the land 
deemed sufficient 

0.447 0.502 0 1 

Quantity of peanut seeds 
used 

in kgs 101.660 126.950 0 550 

Quantity of seed received 
from the ARB program 

in kgs 21.330 36.089 0 130 

Number of sources of 
formal credit  

 1.532 0.830 1 4 

Number of requests for 
credit refused since 1990 

 0.085 0.282 0 1 

Revenue from marketed 
output 

in CFA Francs  58964 72.634 0 291750 

Reputation variables      

Repayment score (RS)  -3.337 13.236 -37.582 33.463 
Work habits score WHS)  2.532 15.337 -65.346 38.614 
RS× WHS  -149.541 413.087 -2186.67 426.654 
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Tableau 2: Main empirical results from the full sample  

Method of estimation 2SLS OLS OLS OLS OLS OLS 
 
Explanatory variables 

Dependent 
var: Transfer 
= 

( )1 i D− +
 

Depend var: 
Loan size = 

D  

Depend var: 
Interest rate 

( )1 i+  

Dependent var: 
Transfer = 

( )1 i D− +  

Depend var: 
Loan size = 

D  

Depend var: 
Interest rate 

( )1 i+  

Intercept -5.240 
(-0.307) 

3.997 
(0.466) 

0.052 
(0.247) 

-16.647 
(-1.518) 

1.227 
(0.178) 

0.081 
(0.408) 

Household Head characteristics       

Non-agricultural revenue 
 

-0.662 
(-1.192) 

0.579 
(3.285) 

0.002 
(1.571) 

-0.383 
(-2.612) 

0.478 
(3.132) 

0.002 
(1.470) 

Relative/Friend, big peanut producer   0.089 
(1.736) 

 -7.769 
(-1.617) 

0.081 
(1.651) 

Relative/Friend, merchant -23.723 
(-2.315) 

-2.967 
(-0.309) 

    

Relative/Friend, government officer    23.938 
(1.854) 

  

Member of SV's board of director -6.758 
(-1.011) 

  -3.039 
(-0.509) 

7.705 
(1.040) 

 

Lender-client relationship -74.465 
(-2.038) 

61.889 
(2.485) 

0.029 
(0.177) 

-130.736 
(-4.754) 

62.978 
(3.093) 

0.056 
(0.354) 

Lenght of acquaintanceship -0.150 
(-0.849) 

 0.002 
(0.835) 

  0.002 
(0.751) 

Member GIE or ABP    9.325 
(1.687) 

  

Head aware of sanction   -0.179 
(-2.123) 

  -0.180 
(-2.186) 

Years of french schooling  -3.023 
(-1.352) 

  -3.890 
(-1.729) 

 

Head, official of PS party  33.127 
(1.944) 

  26.139 
(1.838) 

 

Years as household head  -0.248 
(-1.279) 

  -0.302 
(-1.616) 

 

Same ethnic group than lender  -7.651 
(-1.558) 

    

Other characteristics       

Value of livestock  0.178 
(3.527) 

  0.156 
(3.127) 

 

Value of agricultural equipment   0.052 
(2.854) 

  0.040 
(2.255) 

Value of draft animals  0.361 
(0.843) 

 -0.021 
(-3.235) 

0.682 
(1.310) 

 -0.021 
(-3.218) 

Ndathiang dummy  -98.261 
(-4.332) 

69.883 
(3.815) 

-0.075 
(-0.444) 

-105.113 
(-5.928) 

65.215 
(3.887) 

-0.087 
(-0.545) 

Passy dummy   -41.210 
(-3.950) 

  -34.297 
(-3.510) 

 

Distance from SV -4.996 
(-3.235) 

0.002 
(0.068) 

0.032 
(3.520) 

-4.182 
(-3.155) 

0.016 
(0.536) 

0.027 
(2.845) 

Land is sufficient  4.284 
(0.791) 

-0.050 
(-0.961) 

-0.745 
(-0.141) 

 -0.062 
(-1.264) 

Wage rate for agricultural work -1.714 
(-0.387) 

-1.024 
(-0.628) 

-0.043 
(-2.277) 

-3.454 
(-1.123) 

 -0.032 
(-1.646) 

Number of formal credit sources -35.601 
(-4.409) 

31.599 
(6.274) 

0.205 
(2.172) 

-39.785 
(-5.280) 

33.140 
(7.793) 

0.213 
(2.376) 

Working days without equipments 6.961 
(1.805) 

  7.618 
(2.635) 

  

Outstanding debts  -55.795 
(-1.567) 

 0.067 
(1.091) 

-67.803 
(-1.787) 

9.789 
(0.510) 

0.065 
(1.084) 

Reputation variables       

Repayment score × Work habit score -0.012 
(-1.762) 

0.007 
(2.059) 

0.997 
(2.451) 

   

First principal componant    -4.727 
(-2.207) 

3.287 
(2.172) 

0.041 
(2.056) 

Mean dependent variable -91.345 48.547 0.246 -91.345 48.547 0.246 
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R² 0.95 0.83 0.61 0.95 0.84 0.61 

0H : Non-ag revenue exogenous (p-values) 0.000 0.951 0.909 0.477 0.798 0.600 

Number of observations 65 94 65 65 94 65 
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Table 3.  Estimation of a sample selection model 

Method of estimation Heckman-Lee by ML 
 

Two-step Heckman-Lee 

 
Explanatory variables 

Dependent variable  
= 1 when borrower is 
non rationned; 
= 0  otherwise 

Interest rate Dependent variable  
= 1 when borrower is 
non rationned; 
= 0  otherwise 

Interest rate 

Intercept 1.466 
(1.318) 

0.423 
(3.283) 

2.201 
(2.292) 

0.437 
(2.116) 

Inverse Mills ratio (IMR):
 

ˆ iψ     0.219 
(2.343) 

Household head characteristics      
Non-agricultural revenue 0.026 

(1.822) 
0.003 

(1.691) 
0.022 

(1.437) 
0.002 

(1.214) 
Different religion than lender 0.555 

(1.128) 
0.105 

(2.086) 
0.760 

(1.645) 
0.111 

(1.724) 
Head aware of sanction -0.415 

(-0.703) 
-0.252 

(-3.756) 
-0.975 

(-1.711) 
-0.284 

(-2.324) 
Relative/Friend, big peanut producer -0.462 

(-1.123) 
0.009 

(0.163) 
-0.828 

(-1.771) 
0.024 

(0.359) 
Member of GIE or ABP -0.467 

(-1.024) 
-0.002 

(-0.043) 
-0.906 

(-1.985) 
0.006 

(0.078) 
Other characteristics      
Value of livestock -0.010 

(-1.167) 
-0.003 

(-3.761) 
-0.006 

(-1.007) 
-0.004 

(-3.124) 
Value of agricultural equipment -0.050 

(-0.307) 
0.010 

(0.535) 
-0.139 

(-0.783) 
0.017 

(0.932) 
Ndathiang dummy  -0.402 

(-0.412) 
0.284 

(2.349) 
0.260 

(0.278) 
0.330 

(2.635) 
Distance from SV -0.034 

(-0.428) 
0.018 

(2.061) 
0.005 

(0.219) 
0.021 

(1.947) 
Land is sufficient -1.171 

(-2.690) 
-0.119 

(-2.163) 
-0.838 

(-1.753) 
-0.137 

(-2.157) 
Quantity of peanut seeds used 0.005 

(1.839) 
 0.008 

(2.258) 
 

Quantity of seed received from ARB 0.017 
(1.280) 

 0.017 
(1.580) 

 

Number of formal credit sources  0.010 
(0.017) 

-0.076 
(-0.966) 

0.064 
(0.126) 

-0.107 
(-1.109) 

No.of credit requests refused since 1990 -2.035 
(-3.959) 

 -1.577 
(-3.410) 

 

Revenue from marketed output -0.020 
(-0.219) 

0.014 
(2.803) 

-0.028 
(-0.450) 

0.015 
(2.476) 

Reputation variables      
Repayment score (RS) -0.004 

(0.130) 
-0.001 

(-0.384) 
-0.001 

(-0.035) 
-0.002 

(-1.031) 
Work habits score (WHS) 0.012 

(0.406) 
0.001 

(0.424) 
0.004 

(0.143) 
0.001 

(0.351) 
RS× WHS 7.882 

(1.634) 
0.685 

(1.172) 
2.854 

(0.536) 
0.695 

(2.021) 
R-squared    0.70 
Pseudo R-squared   0.55  
Log Likelihood  11.164 (failure to converge) -28.756  
Rho 1 (failure to converge)   
Sigma 0.153   
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Number of observations 86 46 94 46 
Note : z-statistics in parentheses for the heckman-Lee method by ML and for the probit equation in the first step of the two-step 
Heckman-Lee procedure.  t -statistics in parentheses for the interest equation of the two-step Heckman-Lee procedure. 
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Table 4.  Collinearity and endogeneity diagnostics 

 Collinearity diagnostics 

Test Methods  
Explanatory variables 

Partial 
correlations 

( )ˆ,i ir X ψ  

OLS: 
(Dep. variable: 

IMR= ˆ iψ ) 

Variance Inflation 
Factor (VIF) 

  

Intercept  0.458 
(2.282) 

 

Household head characteristics    
Non-agricultural revenue -0.159 

(0.037) 
-0.004 

(-1.266) 
1.76 

Different religion than lender 0.135 
(0.076) 

-0.066 
(-0.915) 

1.27 

Head aware of sanction 0.180 
(0.017) 

-0.039 
(-0.291) 

1.83 

Relative/Friend, big peanut producer 0.245 
(0.001) 

0.124 
(1.128) 

1.52 

Member of GIE or ABP 0.105 
(0.167) 

0.096 
(0.798) 

1.85 

Other characteristics    
Value of livestock 0.044 

(0.561) 
0.003 

(1.126) 
1.50 

Value of gricultural equipment 0.072 
(0.344) 

-0.041 
(-1.431) 

2.01 

    
Ndathiang dummy  -0.054 

(0.483) 
-0.085 

(-0.490) 
4.39 

Distance from SV -0.036 
(0.636) 

0.007 
(0.601) 

2.43 

Land is sufficient 0.121 
(0.112) 

0.297 
(2.551) 

1.73 

Number of formal credit sources 0.011 
(0.889) 

-0.061 
(-0.562) 

8.76 

Revenue from marketed output -0.240 
(0.001) 

-0.012 
(-2.063) 

2.54 

Reputation variables    
Repayment score (RS) 0.078 

(0.309) 
0.004 

(0.826) 
2.25 

Work habits score (WHS) -0.114 
(0.135) 

0.001 
(0.313) 

3.10 

RS× WHS 0.135 
(0.078) 

0.784 
(1.119) 

1.25 

R-squared = 2ˆ[ ( , )]i ir X ψ   0.42  

Mean VIF   2.55 
Condition number  6.54  

Endogeneity diagnostics (Nakamura-Nakamura) 

Selection equation.  Exogeneity test on the two revenue variables: p-value = 0.6744 

Selection equation.  Exogeneity test on quantity of peanut seeds: p-value = 0.4517 

Interest rate equation. Exogeneity test on the two revenue variables: p-value=0.1190 
Note: Exogenous instruments used in the exogeneity tests: daily wage rates for community and wage for agricultural  work , total 
labor endowment, excluding household head and the number of years in french school  (for the revenue variables). And for the 
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quantity of peanut seed, the only instrument we use is: total labor endowment, excluding household head. σ (sigma) in parentheses 
in partial correlation’s column and t -statistics in parentheses in the second column of collinearity diagnostics.  
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Table 5.  Alternative estimation methods  

 Linear Probability Model 
 

Two-Part Model (2PM) 

Method of estimation OLS OLS OLS Probit Probit OLS 
Explanatory variables Depend variable:  

= 1 when borrower is non 
rationned 

= 0  otherwise 

Interest 
rate 

Depend variable:  
= 1 when borrower is non 

rationned 
= 0  otherwise 

Log of 
interest 

rate 

Intercept 0.917 
(4.783) 

0.888 
(5.374) 

0.416 
(1.942) 

2.513 
(2.284) 

2.201 
(2.322) 

-1.706 
(-2.341) 

Inverse predicted probality   -0.352 
(-2.307) 

   

Household head 
characteristics  

      

Non-agricultural revenue 0.004 
(1.398) 

0.004 
(1.690) 

0.003 
(1.428) 

0.023 
(1.878) 

0.022 
(1.958) 

0.013 
(1.613) 

Different religion than lender 0.206 
(2.434) 

0.210 
(2.621) 

0.135 
(2.104) 

0.688 
(1.481) 

0.760 
(1.748) 

0.354 
(1.710) 

Head aware of sanction -0.184 
(-1.413) 

-0.174 
(-1.382) 

-0.300 
(-2.491) 

-0.885 
(-1.300) 

-0.975 
(-1.478) 

-0.407 
(-0.958) 

Relative/Friend, big peanut 
producer 

-0.149 
(-1.724) 

-0.147 
(-1.725) 

0.012 
(0.190) 

-0.956 
(-2.108) 

-0.828 
(-1.921) 

-0.035 
(-0.150) 

Member of GIE or ABP -0.170 
(-1.674) 

-0.174 
(-1.723) 

-0.003 
(-0.046) 

-1.053 
(-2.673) 

-0.906 
(-2.413) 

0.221 
(0.732) 

Other characteristics        
Value of livestock -0.002 

(-1.284) 
-0.002 

(-1.209) 
-0.003 

(-2.893) 
-0.005 

(-0.920) 
-0.006 

(-1.115) 
-0.007 

(-1.828) 
Value of ag. equipment -0.025 

(-0.731) 
-0.024 

(-0.717) 
0.012 

(0.634) 
-0.202 

(-1.495) 
-0.139 

(-0.958) 
0.141 

(1.367) 
Distance from SV 0.008 

(0.420) 
0.001 

(1.590) 
0.018 

(1.676) 
-0.253 

(-0.993) 
0.005 

(0.927) 
0.001 

(0.042) 
Distance squared -0.285 

(-0.366) 
  0.011 

(1.113) 
  

Ndathiang dummy  -0.023 
(-0.098) 

-0.033 
(-0.144) 

0.309 
(2.535) 

-0.042 
(-0.045) 

0.260 
(0.290) 

0.842 
(1.740) 

Land is sufficient -0.147 
(-1.758) 

-0.144 
(-1.710) 

-0.141 
(-2.270) 

-0.891 
(-2.098) 

-0.838 
(-2.138) 

-0.216 
(-1.089) 

Quantity of peanut seeds 0.001 
(3.008) 

0.001 
(2.997) 

 0.008 
(3.090) 

0.008 
(2.999) 

 

Quantity of seed received 
from the ARB program 

0.004 
(1.443) 

0.004 
(1.552) 

 0.018 
(1.640) 

0.017 
(1.521) 

 

Number of formal credit 
sources  

0.025 
(0.197) 

0.044 
(0.412) 

-0.082 
(-0.865) 

0.109 
(0.184) 

0.064 
(0.131) 

-0.176 
(-0.468) 

Number of requests for credit 
refused since 1990 

-0.244 
(-6.438) 

-0.245 
(-6.568) 

 -1.634 
(-5.427) 

-1.577 
(-5.997) 

 

Revenue from marketed 
output 

-0.006 
(-0.598) 

-0.007 
(-0.659) 

0.015 
(2.345) 

-0.020 
(-0.398) 

-0.028 
(-0.562) 

0.015 
(0.716) 

Reputation variables        
Repayment score (RS) -0.001 

(-0.101) 
-0.0004 
(-0.091) 

-0.001 
(-0.818) 

0.0004 
(0.016) 

-0.001 
(-0.037) 

-0.003 
(-0.347) 

Work habits score (WHS) -0.001 
(-0.188) 

-0.001 
(-0.148) 

0.001 
(0.441) 

0.008 
(0.404) 

0.004 
(0.186) 

0.002 
(0.305) 

RS× WHS 0.728 
(0.821) 

0.692 
(0.786) 

0.831 
(2.314) 

1.954 
(0.542) 

2.854 
(0.845) 

2.823 
(1.817) 

R-squared 0.52 0.52 0.70   0.63 
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Pseudo R-squared    0.56 0.55  
Number of observations 94 94 46 94 94 41 
Note: t-statistics in parentheses for equation in the Linear probability model and the interest rate equation in the two-part model.  
          z-statisticas are in parentheses for the two first columns of the two-part model. 
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Table 6.  Estimation of a sample selection model (with 1st principal component) 

Method of estimation Heckman-Lee by ML 
 

Two-step Heckman-Lee 

 
Explanatory variables 

Dependent variable  
= 1 when borrower is 
non rationned; 
= 0  otherwise 

Interest rate Dependent variable  
= 1 when borrower is 
non rationned; 
= 0  otherwise 

Interest rate 

Intercept 1.287 
(1.413) 

0.409 
(3.189) 

2.154 
(2.281) 

0.427 
(2.206) 

Inverse Mills ratio (IMR):
 

ˆ iψ     0.232 
(2.683) 

Household head characteristics      
Non-agricultural revenue 0.029 

(1.520) 
0.002 

(1.581) 
0.021 

(1.339) 
0.002 

(1.213) 
Different religion than lender 0.603 

(1.293) 
0.116 

(2.319) 
0.747 

(1.588) 
0.120 

(1.881) 
Head aware of sanction -0.478 

(-0.879) 
-0.259 

(-3.603) 
-0.978 

(-1.715) 
-0.292 

(-2.452) 
Relative/Friend, big peanut producer -0.358 

(-0.617) 
-0.003 

(-0.057) 
-0.835 

(-1.797) 
0.014 

(0.221) 
Member of GIE or ABP -0.500 

(-1.039) 
-0.010 

(-0.176) 
-0.885 

(-1.993) 
-0.003 

(-0.042) 
Other characteristics      
Value of livestock -0.009 

(-1.233) 
-0.003 

(-3.641) 
-0.006 

(-1.047) 
-0.004 

(-3.161) 
Value of agricultural equipment -0.048 

(-0.315) 
0.007 

(0.420) 
-0.134 

(-0.793) 
0.013 

(0.801) 
Ndathiang dummy  -0.372 

(-0.375) 
0.270 

(2.268) 
0.233 

(0.249) 
0.318 

(2.807) 
Distance from SV -0.046 

(-0.587) 
0.017 

(1.953) 
0.005 

(0.238) 
0.020 

(1.957) 
Land is sufficient -1.224 

(-2.774) 
-0.124 

(-2.289) 
-0.842 

(-1.867) 
-0.150 

(-2.520) 
Quantity of peanut seeds used 0.005 

(1.660) 
 0.007 

(2.204) 
 

Quantity of seed received from ARB 0.019 
(1.369) 

 0.017 
(1.618) 

 

Number of formal credit sources  0.052 
(0.076) 

-0.059 
(-0.771) 

0.088 
(0.174) 

-0.090 
(-1.019) 

No.of credit requests refused since 1990 -2.081 
(-4.071) 

 -1.595 
(-3.450) 

 

Revenue from marketed output -0.029 
(-0.293) 

0.014 
(2.861) 

-0.029 
(-0.473) 

0.015 
(2.509) 

Reputation variables      
First principal componant 0.216 

(0.984) 
0.030 

(1.323) 
0.102 

(0.560) 
0.039 

(1.737) 
R-squared    0.69 
Pseudo R-squared   0.55  
Log Likelihood  10.036 (failure to converge) -28.924  
Rho 1 (failure to converge)   
Sigma 0.156   
Number of observations 86 46 94 46 
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Table 7.  Collinearity and endogeneity diagnostics (with 1st principal component) 

 Collinearity diagnostics 

Test Methods  
Explanatory variables 

Partial 
correlations 

( )ˆ,i ir X ψ  

OLS: 
(Dep. variable: 

IMR= ˆ iψ ) 

Variance Inflation 
Factor (VIF) 

  

Intercept  0.365 
(1.820) 

 

Household head characteristics    
Non-agricultural revenue -0.183 

(0.016) 
-0.004 

(-1.458) 
1.64 

Different religion than lender 0.146 
(0.053) 

-0.060 
(-0.813) 

1.24 

Head aware of sanction 0.181 
(0.016) 

-0.013 
(-0.105) 

1.82 

Relative/Friend, big peanut producer 0.230 
(0.002) 

0.133 
(1.215) 

1.45 

Member of GIE or ABP 0.099 
(0.193) 

0.098 
(0.824) 

1.78 

Other characteristics    
Value of livestock 0.058 

(0.448) 
0.003 

(1. 267) 
1.47 

Value of gricultural equipment 0.028 
(0.713) 

-0.030 
(-0.951) 

1.78 

Ndathiang dummy  -0.038 
(0.622) 

-0.117 
(-0.686) 

4.33 

Distance from SV -0.027 
(0.723) 

0.003 
(0.294) 

2.41 

Land is sufficient 0.101 
(0.182) 

0.302 
(2.546) 

1.62 

Number of formal credit sources 0.017 
(0.824) 

-0.032 
(-0.282) 

8.41 

Revenue from marketed output -0.229 
(0.002) 

-0.014 
(-2.489) 

2.51 

Reputation variables    
First principal componant -0.223 

(0.003) 
-0.039 

(-0.865) 
1.39 

R-squared = 2ˆ[ ( , )]i ir X ψ   0.40  

Mean VIF   2.45 
Condition number  6.46  

Endogeneity diagnostics (Nakamura-Nakamura) 
Selection equation.  Exogeneity test on the two revenue variables: p-value = 0.7041 
Selection equation.  Exogeneity test on quantity of peanut seeds: p-value = 0.3013 
Interest rate equation. Exogeneity test on the two revenue variables: p-value=0.1231 
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Table 8.  Alternative estimation methods (with 1st  principal component) 

 Linear Probability Model 
 

Two-Part Model (2PM) 

Method of estimation OLS OLS OLS Probit Probit OLS 
Explanatory variables Depend variable:  

= 1 when borrower is non 
rationned 

= 0  otherwise 

Interest 
rate 

Depend variable:  
= 1 when borrower is non 

rationned 
= 0  otherwise 

Log of 
interest 

rate 

Intercept 0.905 
(4.746) 

0.883 
(5.413) 

0.386 
(1.901) 

2.479 
(2.271) 

2.154 
(2.372) 

-1.781 
(-2.598) 

Inverse predicted probality   -0.396 
(-2.580) 

   

Household head 
characteristics  

      

Non-agricultural revenue 0.003 
(1.398) 

0.004 
(1.723) 

0.003 
(1.418) 

0.021 
(1.859) 

0.021 
(1.916) 

0.011 
(1.659) 

Different religion than lender 0.202 
(2.438) 

0.206 
(2.632) 

0.145 
(2.310) 

0.682 
(1.446) 

0.747 
(1.692) 

0.374 
(1.801) 

Head aware of sanction -0.182 
(-1.415) 

-0.174 
(-1.407) 

-0.307 
(-2.619) 

-0.897 
(-1.309) 

-0.978 
(-1.466) 

-0.420 
(-1.026) 

Relative/Friend, big peanut 
producer 

-0.156 
(-1.856) 

-0.155 
(-1.867) 

0.001 
(0.009) 

-0.956 
(-2.107) 

-0.835 
(-1.978) 

-0.047 
(-0.221) 

Member of GIE or ABP -0.174 
(-1.748) 

-0.176 
(-1.786) 

-0.013 
(-0.205) 

-1.018 
(-2.570) 

-0.885 
(-2.359) 

0.237 
(0.826) 

Other characteristics        
Value of livestock -0.002 

(-1.194) 
-0.001 

(-1.140) 
-0.003 

(-2.919) 
-0.005 

(-0.969) 
-0.006 

(-1.168) 
-0.007 

(-1.829) 
Value of ag. equipment -0.030 

(-1.018) 
-0.029 

(-1.005) 
0.008 

(0.464) 
-0.190 

(-1.567) 
-0.134 

(-1.067) 
0.148 

(1.611) 
Distance from SV 0.007 

(0.340) 
0.001 

(1.972) 
0.017 

(1.626) 
-0.261 

(-1.027) 
0.005 

(1.036) 
0.0001 
(0.002) 

Distance squared -0.222 
(-0.281) 

  0.011 
(1.158) 

  

Ndathiang dummy  -0.038 
(-0.169) 

-0.046 
(-0.204) 

0.289 
(2.619) 

-0.079 
(-0.084) 

0.233 
(0.256) 

0.822 
(1.939) 

Land is sufficient -0.157 
(-1.896) 

-0.154 
(-1.843) 

-0.157 
(-2.663) 

-0.871 
(-1.948) 

-0.842 
(-2.016) 

-0.250 
(-1.352) 

Quantity of peanut seeds 0.001 
(3.043) 

0.001 
(3.042) 

 0.008 
(3.146) 

0.007 
(3.046) 

 

Quantity of seed received 
from the ARB program 

0.004 
(1.422) 

0.004 
(1.547) 

 0.019 
(1.675) 

0.017 
(1.533) 

 

Number of formal credit 
sources  

0.047 
(0.397) 

0.061 
(0.621) 

-0.056 
(-0.638) 

0.110 
(0.185) 

0.088 
(0.178) 

-0.145 
(-0.420) 

Number of requests for credit 
refused since 1990 

-0.242 
(-6.358) 

-0.243 
(-6.504) 

 -1.651 
(-5.541) 

-1.595 
(-6.055) 

 

Revenue from marketed 
output 

-0.006 
(-0.589) 

-0.006 
(-0.635) 

0.015 
(2.338) 

-0.021 
(-0.423) 

-0.029 
(-0.591) 

0.013 
(0.678) 

Reputation variables        
First principal componant 0.013 

(0.445) 
0.013 

(0.468) 
0.038 

(1.737) 
0.125 

(0.910) 
0.102 

(0.778) 
0.100 

(1.070) 
R-squared 0.52 0.52 0.69   0.62 
Pseudo R-squared    0.56 0.55  
Number of observations 94 94 46 94 94 41 

 
 


