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Appendix A: Background on project partners, loan details, and full text of training script 

 
Background on Cheetah Paprika (CP) 
Extension services provided by CP consist of preliminary meetings to market paprika 

seed to farmers and teach them about the growing process, additional group trainings about 
farming techniques, individual support for growers provided by the field assistants, and 
information about grading and marketing the crop.  The farmer receives extension services and a 
package of seeds, pesticides and fungicides at wholesale rates in exchange for the commitment to 
sell the paprika crop to CP at harvest time. Although CP is by far the largest paprika purchaser in 
the country, it does not provide credit to farmers because of the risks involved in contract 
enforcement.1 CP has a staff of six extension officers and 15 field assistants in the locations 
chosen for the study. The staff maintain a database of all current and past paprika growers and 
handles the logistics of supplying farmers with the package of inputs as well as the purchase of 
the crop.   

In July 2007, CP asked farmers in the study areas to organize themselves into clubs of 15 
to 20 members to accommodate MRFC’s group lending rules.2 Most of these clubs were already 
in existence, primarily to ease delivery of Cheetah extension services and collection of the crop. 
During the baseline survey and fingerprinting period (August and September 2007), CP staff 
provided a list of paprika growing clubs in each locality to be visited in each week. 

 
Background on MRFC and loan details 
MRFC is a government-owned microfinance institution and is the largest provider of 

rural finance, with a nationwide outreach of 210,000 borrowers in 2007. To obtain the loan-
financed production inputs, borrowers took an authorization form from MRFC to a pre-approved 
agricultural input supplier who provided the inputs to the farmer and billed MRFC at a later date. 
Sixty percent of the loan went towards fertilizer (one 50 kilogram bag of D-compound fertilizer 
and two 50 kilogram bags of CAN fertilizer); the rest went toward the CP input package: thirty-
three percent covered the cost of nine bags of pesticides and fungicides (2 Funguran, 2 Dithane, 
2 Benomyl, 1 Cypermethrin, 1 Acephate and 1 Malathion) and the remaining seven percent for 

                                                 
1 In 2007, CP purchased approximately eighty-five percent of the one thousand tons of paprika produced annually in 
Malawi. 
2 A typical CP group has between 15 and 30 farmers and is organized around a paprika collection point. MRFC’s 
lending groups have at most 20 farmers, so some of the CP groups participating in the study had to be split to be 
able to access MRFC’s loans.  
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the purchase of 0.4 kilograms of seeds.3 While all farmers that took the loan were given the CP 
package, farmers had the option to borrow only one of the two available bags of CAN fertilizer. 
Expected yield for farmers using the package with two bags of CAN fertilizer on one acre of 
land was between 400 and 600 kg, compared to 200 kg with no inputs.4 In keeping with standard 
MRFC practices, farmers were expected to raise a 15 percent deposit, and were charged interest 
of 33 percent per year (or 30 percent for repeat borrowers).   
 
 Biometric training script 
 
Benefits of Good Credit 
Having a record of paying back your loans can help you get bigger loans or better interest rates.   
 
Credit history works like trust.  When you know someone for a long time, and that person is honest and fair when 
you deal with him, then you trust him.  You are more likely to help him, and he is more likely to help you.  You 
might let him use your hoe (or something else that is important to you), because you feel sure that he will give it 
back to you.  Banks feel the same way about customers who have been honest and careful about paying back their 
loans.  They trust those customers, and are more willing to let them borrow money.  
 
MRFC already gives customers who have been good borrowers a reward.  It charges them a lower interest rate, 30 
percent instead of 33 percent.  That means that for the loan we have described today, someone who has a good credit 
history would only have to pay back 8855, instead of 8971.5   
 
Another way that banks might reward customers they trust is by letting them borrow bigger amounts of money.  
Instead of 7700 MK to grow one acre of paprika, MRFC might lend a trusted customer 15400, to grow two acres. 
 
To earn trust with the bank, and get those rewards, you have to be able to prove to the bank that you have taken 
loans before and paid them back on time.  You can do that by making sure that you give the bank accurate 
information when you fill out loan applications.  But if you call yourself John Jacob Phiri one year, and Jacob John 
Phiri the next year, then the bank might not figure out that you are the same person, so they won’t give you the 
rewards you have earned. 
 
Costs of Bad Credit 
But trust can be broken.  If your neighbor borrows your radio and does not give it back or it gets ruined, then you 
probably wouldn’t lend him anything else until the radio had been replaced.  
 
Banks work the same way.  If you take a loan and break the trust between yourself and the bank by not paying back 
the loan, then the bank won’t lend to you again.  This is especially true if you have a good harvest but still choose 
not to pay back the loan.  
 
When you apply for a loan, one of the things that a bank does to decide whether or not to accept your application is 
to look in its records to see if you have borrowed money before.  If you have borrowed but not paid back, then you 
will be turned down for the new loan.  This is like you asking your neighbors if someone new shows up in the 
village and asks you to work for him.  You might first ask around to see if the person is fair to his employees and 

                                                 
3 The loan amount varied across locations because of modest differences in the transport cost for fertilizer. The cost 
of the CP package was the same in all locations. 
4 Yield is computed under the conservative assumption that farmers will divert one 50 Kg bag of CAN fertilizer 
towards maize cultivation. While larger quantities of inputs would result in higher output for experienced paprika-
growers, the package described here was designed by extension experts to maximize expected profits for novice, 
small-holder growers. 
5 Loan amounts mentioned in the script are lower than actual loan amounts observed in the data because fertilizer 
prices rose somewhat in the time between the initial intervention (in Aug-Sep 2007) and loan disbursement (Nov 
2007).  
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pays them on time.  If you learn that the person does not pay his workers, then you won’t work for him.  Banks do 
the same thing by checking their records. 
 
MRFC does not ever give new loans to people who still owe them money.  And MRFC shares information about 
who owes money with other banks, so if you fail to pay back a loan from MRFC, it can stop you from getting a new 
loan from OIBM or another lender, also. 
 
Remainder of script is administered to fingerprinted clubs only  
 
Biometric Technology 
Fingerprints are unique, which means that no two people can ever have the same fingerprints.  Even if they look 
similar on a piece of paper, people with special training, or special computer equipment, can always tell them apart.  
 
Your fingerprint can never change.  It will be the same next year as it is this year.  Just like the spots on a goat are 
the same as long as the goat lives, but different goats have different spots.  
 
Fingerprints can be collected with ink and paper, or they can be collected with special machines.  This machine 
stores fingerprints in a computer.  Once your fingerprint is stored in the computer, then the machine can recognize 
you, and know your name and which village you come from, just by your fingerprint!  The machine will recognize 
you even if the person who is using it is someone you have never met before.  The information from the machines is 
saved in many different ways, so if one machine breaks, the information is still there.  Just like when Celtel’s 
building burned, people’s phone numbers did not change. 
 
Administer the following after all fingerprints have been collected: 
 
Demo 
Now, I can figure out your name even if you don’t tell me.  Will someone volunteer to test me?  (Have a volunteer 
swipe his finger, and then tell everyone who it was). 
 
The bank will store information about your loans with your fingerprint.  That means that bank officers will know not 
just your name, but also what loans you have taken and whether or not you have paid them back.  They will be able 
to tell all of this just by having you put your finger on the machine.  
 
Before, banks used your name and other information to find out about your credit history.  But now they will use 
fingerprints to find out.  This means that even if you tell the bank a different name, they will still be able to find all 
of your loan records.  Names can change, but fingerprints cannot. 
 
Having your fingerprint on file can make it easier to earn the rewards for good credit history that we talked about 
earlier.  It will be easy for the bank to look up your records and see that you have paid back your loans before.  It 
will also be easier to apply for loans, because there will be no new forms to fill out in the future! 
 
But, having your fingerprint on file also makes the punishment for not paying back your loan much more certain.  
Even if you tell the bank a different name than you used before, or meet a different loan officer, or go to a different 
branch, the bank will just have to check your fingerprint to find out whether or not you paid your loans before.  
Having records of fingerprints also makes it easy for banks to share information.  Banks will share information 
about your fingerprints and loans.  If you don’t pay back a loan to MRFC, OIBM will know about it! 
 
  
Appendix B: Details on biometric fingerprinting technology 
 

In consultation with MRFC’s management, fingerprint recognition was chosen over face, 
iris or retina recognition because it is the cheapest, best known and most widely used biometric 
identification technology. Fingerprinting technology extracts features from impressions made by 
the distinct ridges on the fingertips and has been commercially available since the early 1970s. 
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Loan applicants from fingerprinted clubs had the image of their right thumb fingerprint 
captured by an optical fingerprint scanner attached to a laptop. To maximize accuracy, farmers 
washed their thumbprints prior to scanning, and the scanner was also cleaned after each 
impression. During collection, about 2 per cent of farmers had the left thumbprint recorded 
(instead of the right) because the right thumbprint was worn out. (Many farmers grow tobacco, 
which involves thumb usage during seedling transplantation that can wear out a thumbprint over 
many years.)  

Upon scanning, the fingerprint image was enhanced and added to the borrower database. 
We purchased the VeriFinger 5.0 Software Development Kit from Fulcrum  Biometrics and had 
a programmer develop a data capture program that would allow the user to (i) enter basic 
demographic information  such as the name, address, village, loan size and the unique BFIRM 
identifier, (ii) capture the fingerprint with the scanner and (iii) review the fingerprint alongside 
the demographic information. 
 
 
Appendix C: Variable definitions 
 
Data used in this paper come from two surveys:  a baseline conducted in August-September 2007 
and a follow-up survey about farm outputs and other outcomes conducted in August 2008.  We 
also used administrative data about loan take-up and repayment, obtained from MRFC’s internal 
records. 
 
Baseline characteristics (from baseline survey) 
 
Male equals 1 for men and 0 for women. 
Married equals 1 for married respondents and 0 for respondents who are single, widowed, or 
divorced. 
Age is respondent’s age in years.  In regressions, we use dummies for 5-year age categories 
rather than a continuous measure of age. 
Years of education is years of completed schooling, and is top-coded at 13.  In regressions, we 
use dummies for years of completed schooling, rather than a continuous measure of education. 
Risk taker equals 1 for respondents who report that they frequently take risks, and 0 for 
respondents who do not. 
Days of hunger last year is the number of days in the 2006-2007 season that individuals reduced 
the number of meals they ate per day. 
Late paying previous loan equals 1 for respondents who report paying back a previous loan late, 
and 0 for respondents who do not. 
Income SD is the standard deviation of income between the self-reported best and worst incomes 
of the 5 most recent years. 
Years of experience growing paprika is the self reported number of seasons in which the 
respondent has grown paprika before the season studied in this project. 
Previous default equals 1 for respondents who report that they have defaulted on a previous loan 
and 0 otherwise. 
No previous loans equals 1 for respondents who report that they have not had any other loans 
from formal financial institutions (including micro lenders, savings and credit cooperatives, and 
NGO schemes) and 0 otherwise. 
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Take-up and repayment (from administrative data) 
 
Approved equals 1 if the respondent was approved by MRFC for a loan and 0 otherwise. 
Any loan equals 1 if the respondent borrowed money from MRFC and 0 otherwise (this could 
differ from Approved if the respondent chose not to take out the loan after it was approved by 
MRFC). 
Total borrowed is the amount owed to MRFC, in Malawi kwacha  (MK 145 = $US 1).  This 
includes the loan principal and 33 percent interest charged by MRFC. 
 
Balance is the unpaid loan amount remaining to be paid to MRFC.  The balance includes 
principal and accumulated interest, and is reported in MK. 
Fraction paid is the amount paid on the loan, divided by the total borrowed defined above. 
Fully paid equals 1 if the respondent has completely repaid the loan and 0 if there is an 
outstanding balance. 
 
We examine different versions of the variables Balance, Fraction paid, and Fully paid that vary 
by the date at which loan repayment status is measured. One set of variables refers to loan 
repayment status as of September 30, 2008, which is the formal due date of the loan. Another set 
of variables refers to “eventual” repayment as of the end of November 2008. MRFC considers 
loan repayment status at the end of November 2008 as the final repayment status of the loan, and 
makes no subsequent attempts to collect loan repayments after that point. 
 
Land use and inputs (from follow-up survey) 
 
Fraction of land used for various crops is the land used for the given crop, divided by total land 
cultivated. 
Seeds is the value of paprika seeds used by the respondent, in MK. 
Fertilizer is the value of all chemical fertilizer used by the respondent on the paprika crop, in 
MK. 
Chemicals is the value of all pesticides and herbicides used by the respondent on the paprika 
crop, in MK. 
Man-days is the amount of money spent on hired, non-family labor for the paprika crop, in MK. 
All paid inputs is the total amount of money spent on inputs for the paprika crop, in MK.  
Mathematically, it is the sum of Seeds, Fertilizer, Chemicals, and Man-days defined above. 
KG manure is the kilograms of manure applied to the paprika crop. 
Times weeding is the number of times the paprika crop was weeded, by the respondent or hired 
labor. 
 
Output, revenue and profits (from follow-up survey) 
 
KG of various crops is the self-reported kilograms harvested of each crop. 
Market sales is the amount of MK received from any sales of maize, soya, groundnuts, tobacco, 
paprika, tomatoes, leafy vegetables, and cabbage between April and August, which encompasses 
the entire main harvest and selling season for these crops. 
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Profits is the value of Market sales, plus the value of unsold crop estimated based on the 
farmer’s reported quantity, valued at district average price reported by the EPA office (Value of 
unsold harvest, defined below), minus All paid inputs as defined above.   
Value of unsold harvest is the value, in MK, of the difference between the kg harvested and the 
kg sold of each crop.  We use district average prices, as reported by the EPA office. 
 
 
Appendix D: The Model 
 

By virtue of the experiment, the credit contract is kept fixed, so our goal here is not to 
solve for the optimal contract in the presence of both information asymmetries (Gesnerie, Picard 
and Rey, 1988 or Chassagnon and Chiappori, 1997 for risk averse agents), but rather to derive 
the agents’ optimal behavior with and without dynamic incentives.  

Agents (or farmers) are risk-neutral and decide how much to borrow for cash crop inputs 
and how much to invest. We assume that they do not have collateral or liquid assets, so the 
maximum they can invest in cash crop production is the loan amount.  

We introduce the possibility of adverse selection by allowing farmers to differ in the 
probability p (unobserved by the lender) that cash crop production is successful. Production is 
given by )(bfS  when successful and by )(bfF when it fails, which happens with 
probability p−1 . The amount b denotes total cash crop inputs invested. We assume that )(bf j , 

{ }SFj ,∈  satisfies the usual properties 0)0( =jf , 0)( >′ bf j  and 0)( <″ bf j . 
We model moral hazard by allowing borrowers to divert inputs instead of investing them 

in cash crop production. The decision to divert inputs is not observable by the lender. If they 
decide to divert, they earn q per unit of input diverted, which can be interpreted as the secondary 
market price for inputs or the expected return if these inputs are invested in another crop. Given 
the arrangement to buy the cash crop (paprika) in the experiment, we assume that the lender can 
only seize cash crop production but not the proceeds from diverted inputs. To simplify matters, 
we assume that the choice of diversion is binary, that is, either all or nothing is diverted.6  

Following the experiment, the credit contract offered by the lender is given by a loan 
amount b  and gross interest rate R , regardless of whether the lender can use dynamic incentives. 
We assume that the loan size b  can take on two values, Lb and Hb where HL bb < .7 We also 
assume that even when cash crop production fails, the borrower has enough funds to cover loan 
repayment provided that the small amount Lb is borrowed and inputs are not diverted. More 
formally, Rbbf LLF =)( . This assumption and the fact that 0)0( =Ff  implies that if the borrower 
chooses to invest the large amount Hb  in paprika production but the crop fails, then the borrower 
defaults because by concavity of )(⋅Ff , Rbbf HHF <)( . Finally, we assume that if the crop 
succeeds, the large loan size yields higher farm profits than the smaller loan size. If we 

                                                 
6 One can extend the model to the case where diversion is a continuous variable but the intuition is already captured 
in the simpler version presented. 
7This assumption is in accord with the actual details of the loan package, where the most important determinant of 
loan size is whether the farmer chooses to have the loan fund one vs. two bags of CAN fertilizer. We can think of 

Hb  including two bags, and Lb  only one.  



Online appendix page 7 
 

let Rbbfby kkSkS −= )()( , for { }HLk ,∈  denote net profits from successful cash crop 
production, this assumption can be expressed as )()( LSHS byby > .8 

We assume that there are two periods and no discounting, although the model could 
easily be extended to an infinite horizon setting with discounting. The timing within a period 
follows the set-up of the field experiment: the borrower first learns whether the lender can use 
dynamic incentives; then the borrower decides how much to borrow and whether to divert inputs; 
then paprika production takes place; the loan is repaid if sufficient funds are available and finally 
the borrower consumes any remaining income. 

In what follows, we take the credit contract as given and characterize optimal borrower 
behavior with and without dynamic incentives. Then we briefly discuss the optimality of the 
credit contract and compare the predictions of the model to those of other models in the 
literature.  
Borrower behavior without dynamic incentives 

Since the lender is forced to offer the same contract in each period, lifetime optimization 
coincides with period-by-period optimization. In a given period, the borrower chooses how much 
to borrow b and whether to divert inputs D by solving the following problem: 

{ } { } { }
{ })()1(max),()1(maxmax)(

1,01,0, LSLDHSHDbbb
bpyDDqbbpyDDqbpv

HL

−+−+=
∈∈∈

         

 The dependency of net income from borrowing v on p is made explicit. If the borrower 
diverts, consumption is qb because the bank cannot seize income, but if the borrower invests in 
paprika production, consumption only takes place when production is successful as the bank 
seizes all output if paprika production fails.  

Now let Dp be the success probability that leaves a borrower with the larger loan size Hb  
indifferent between diverting the inputs or investing them in paprika production. More formally, 

)( HSDH bypqb = as plotted in Appendix Figure 2.  
If Dpp < , the solution to the problem when dynamic incentives are absent is to always 

borrow the large amount Hb  and to divert all inputs ( 1=D ). If Dpp ≥ , the borrower also 
borrows the large amount  Hb  but does not divert and therefore repays with probability p. 
Expected net income in a period )( pv  is  

Hqbpv =)( if Dpp < and )()( HS bpypv = if Dpp ≥ .                            (1) 
Borrower behavior with dynamic incentives 

In this case, the lender will only provide credit in period two to borrowers that have 
successfully repaid in period one. Because there are only two periods, in the last period the 
lender cannot provide additional incentives to elicit repayment, so the optimization problem that 
borrowers face is the same as the period-by-period optimization when dynamic incentives were 
absent. Borrowers maximize their lifetime utility by solving the following problem in period one: 

{ } { }
[ ]

{ }
{ })()()1(max,)()()1(maxmax)(

1,01,0,
pvbpyDDqbpvbypDDqbpV LSLDHSHDbbb HL

+−++−+=
∈∈∈

 

where again the dependency of V and v on p is made explicit. Net income v in period two is 
derived in (1). If the lower amount Lb  is chosen, the borrower can always repay the loan and so 
net income from borrowing )( pv  in period two is assured. If, on the other hand, the higher 
                                                 
8 Using similar notation, the previous assumption implies that when the crop fails, farm profits are larger under the 
smaller loan size: )()( LFHF byby < . 
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amount Hb is chosen, then the borrower will obtain )( pv  in period two only if there is no 
diversion ( 0=D ) and paprika production is successful in period one. Income from not 
borrowing is normalized to zero. 

It is easy to see that with dynamic incentives, diversion of inputs in the first period is 
never optimal. A borrower with a high probability of success Dpp ≥  would not divert in the 
absence of penalties, so he would certainly not do it when the lender can impose penalties. More 
formally, because HHS qbbpy >)(  if Dpp ≥ , it follows that [ ] HHS qbpvbyp >+ )()(  since 

0)( >pv . 
When Dpp < , borrowers choose to divert in the absence of dynamic incentives. When 

dynamic incentives are in place, they can increase lifetime utility by choosing the lower amount 
in the first period. They then secure a loan in the second period which can then be diverted to 
achieve the same utility as if they had diverted in the first period. In addition, if cash crop 
production succeeds, then they also consume in the first period.9  

We now study the choice of loan amount in the first period. Let 0Bp be the probability of 
success that leaves a borrower with success probability Dpp ≥ indifferent between the two loan 
amounts. If success probability is such that 0BD ppp << , then the borrower chooses Lb  to 
ensure loan repayment, but if the probability is high enough, so that ppp BD << 0  he then 
chooses Hb . The subscript 0 denotes the fact that in the absence of dynamic incentives the 
borrower would not divert because Dpp ≥ . Probability 0Bp  can be written as 

)(
)(

0
HS

LS
B by

byp = .        (2) 

Now let 1Bp be analogous to 0Bp for borrowers with success probability Dpp < . Here the 
subscript 1 indicates that the borrower would divert in the absence of dynamic incentives. If 
success probability satisfies DB ppp << 1 , the borrower will choose the smaller loan amount Lb  
and if DB ppp <<1  the larger amount Hb . It is easy to show that 1Bp satisfies 

[ ])()()1( 11 LSHSBBH bybyppqb −=−                                                 (3) 
or, after some algebra and substitutions, 

0
1 1 BD

D
B pp

pp
−+

= .      (4) 

As it turns out, depending on the magnitude of )( LS by , )( HS by and Hqb  only 1BD pp >  or 

0BD pp < will hold, because 1BD pp >  is true if and only if 0BD pp > .10 So either 0Bp  or 1Bp  is 
relevant. There are three cases, which we label (i), (ii), and (iii), distinguished by the size of the 
gains from input diversion ( Hqb ) relative to those from successful cash crop production, )( HS by  
and )( LS by . 

The first case is where (i) )( HSH byqb > , in which the gains from diversion are higher 
than the gains from cash crop production even when the high loan amount is taken and 
                                                 
9 While this result is immediate without discounting, it can be obtained with discounting provided the discount rate 
is low enough. 
10 This is easy to see using the expression for 1Bp derived in (4). 
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production is successful. In this case, 011 BBD ppp >>> and  0Bp becomes irrelevant because 

0BD pp <  is violated. Intuitively, 1>Dp  means that there are no borrowers who would repay 
without dynamic incentives, because the gains from diversion are higher than the gains from 
cash crop production even for borrowers with the highest success probabilities; 0Bp  is irrelevant 
because there are no farmers for whom Dpp > . In the first period with dynamic incentives, 
borrowers with 1Bpp ≥  take the larger loan and those for whom 1Bpp <  take the smaller loan 
size. 

The second – and probably most interesting – case is where (ii) )()( LSHHS byqbby >> , 
in which the gains from diversion (relative to cash crop production) are intermediate. In this 
case, in the absence of dynamic incentives, some borrowers (those with highest success 
probabilities, for whom Dpp > ) will choose to produce rather than divert, while others with 
lower success probabilities will divert rather than produce. In this case we have 

011 BBD ppp >>> ,11 and so 0Bp is irrelevant (those with Dpp >  always choose the larger loan 
in the first period). In the first period with dynamic incentives, borrowers with 1Bpp ≥  take the 
larger loan and those for whom 1Bpp <  take the smaller loan size. 

The third case is where (iii) HLS qbby >)( , in which the gains from diversion are small 
relative to the gains from successful cash crop production, even when the small loan size is 
taken. Here, DBB ppp >>> 101 so that 1Bp now becomes irrelevant (because all individuals with 

Dpp <  will take the smaller loan size in the first period with dynamic incentives). Now it is 
those borrowers for whom Dpp >  that show variation in loan size in the first period with 
dynamic incentives: those with 0Bpp ≥  take the larger loan and those for whom 0Bpp <  take 
the smaller loan size. 

Appendix Figure 2 is drawn assuming Case (ii) holds. It plots 0Bp  and 1Bp , and 
because 0BD pp > , 0Bp is irrelevant.  Probability 1Bp is shown as the intersection of the left hand 
side and right hand side of the equality in (3) above. 

For each regime (with and without dynamic incentives), Appendix Figure 3 reports the 
first period optimal choices of loan size and whether to divert as well as repayment rate as a 
function of the borrowers’ success probability. 

Interestingly, and as mentioned in the text, dynamic incentives have different effects on 
the optimal choices of borrowers depending on their probability of success. For example, 
borrowers with relatively low probability of success are most affected by the introduction of 
dynamic incentives. They choose the higher loan amount and to divert it all without dynamic 
incentives but borrow the lower amount and invest it in cash crop production when dynamic 
incentives are introduced. As a result, their repayment rate changes from zero to one once 
incentives are introduced.  

Borrowers with relatively high probability of success are the least affected, since they 
never divert inputs and always choose the higher loan amount, except for in Case (i) where they 
would divert without incentives and not divert with incentives.  

                                                 
11 To see this, divide inequalities in (ii) by )( HS by and recall )( HSDH bypqb =  and expression (4). 
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Borrowers with an intermediate value of the probability of success will, upon 
introduction of dynamic incentives, change either the diversion or the loan size decisions 
depending on the parameter values and functional forms. In Case (ii) they always choose the 
higher loan amount but move from diversion to no diversion when incentives are introduced. In 
Case (iii), they never divert but incentives lead them to move from the higher to the lower loan 
amount. 
Discussion 

If the lender sets gross interest rate R  to break even, and the individual probability of 
success ]1,0[∈p  is drawn from the density function )( pG , then R satisfies 

)]())|(1()|()][(1[ HFDHDDH bfpppERbpppEpGib ≥−+≥−= ,               (5) 

where i is the deposit rate and ∫=≥
1

)()|(
Dp

D ppdGpppE .  

Notice that the bank breaks-even whenever 1<Dp , otherwise all borrowers would divert 
and the bank would be unable to collect repayment. As a result, there is no interest rate R such 
that case (i) considered before is an equilibrium. 

Depending on the parameters, a separating equilibrium may exist where the lender 
maximizes borrower welfare subject to breaking even by offering a menu of loan sizes and gross 
interest rates. Borrowers with low probability of success p may either borrow the large amount 
and default or borrow the lower amount and produce (again depending on the parameters), 
borrowers with intermediate probability of success will borrow the lower amount and produce 
and borrowers with high probability of success will borrow the large amount and produce.12 

When dynamic incentives are introduced, the lender can follow a strategy similar to 
Stiglitz and Weiss (1983) or Boot and Thakor (1994). In words, the lender could lower the 
interest rate associated with the lower loan size Lb  in the second period below the per period 
break even interest rate (thereby making a loss) but raise it in the first period so as to satisfy the 
break even constraint intertemporally. This may be optimal because in the first period the 
borrower has the added incentive of the promise of a loan in the future, a loan that will be ever 
more attractive the lower is the interest rate charged.  

If collateral was available, then a menu of interest rates and collateral could always be 
offered in both periods (Bester, 1985). But as Boot and Thakor (1994) point out, dynamic 
incentives can be more efficient than static incentives like collateral. As in their model, the value 
of long-term contracting does not arise from the ability to learn the borrower type (in their model 
all agents are equal) nor from improved risk-sharing (in both models agents are risk neutral). 
Long term relations are valuable because the lender has the ability to punish defaulters and to 
reward good borrowers. 

Because repayment is higher with dynamic incentives, lenders could lower the interest 
rate and as a result borrowers might borrow more. The lender should also be willing to extend 
more credit if dynamic incentives can be used. As a result, overall borrowing could increase, 
although borrowers with low probability of success may still borrow less to ensure future access 
to loans. This increase in borrowing is also predicted by the more macro literature that tries to 

                                                 
12 The observation that only a unique (pooling) contract exists may be used to rule out parameter combinations 
where the separating equilibrium is optimal. Of course, other considerations outside the model may be responsible 
for only observing one contract, even if it is sub-optimal. For example, before the study MRFC gave only a few 
loans for paprika and so it may still be learning about the optimal contract. 
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explain the increase in personal bankruptcies over the last few decades as a result of 
improvements in information technology available to lenders for credit decisions (see for 
example Livshits, McGee and Tertilt, forthcoming and 2009; Narajabad, 2010 and Sanchez, 
2009). 

The source of heterogeneity in the model is the probability of success p . If there was 
heterogeneity in the discount rate, then dynamic incentives would only be relevant for agents that 
are patient (ie with low enough discount rate). In this alternative model, if borrowers prefer to 
divert in the absence of dynamic incentives, repayment would be low without fingerprinting and 
would only increase for agents with low discount rate when fingerprinting is introduced.  

In many multi-period models of limited commitment and asymmetric information, agents 
are not allowed to save because they could borrow and default and subsequently live in autarky 
by reinvesting the savings (Bulow and Rogoff, 1989). In Boot and Thakor (1994), the agent has 
no incentive to save because the long-term contract provides better-than-market interest rates. In 
this model without dynamic incentives, agents with high probability of success will not find it 
profitable to default and save for period 2 either, even if a savings technology were available at 
rate i . But if the probability is low enough, in particular if p is such that 
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then agents  would borrow the higher amount Hb in period one, divert and hence default and save 
it into period 2 to earn 1>i . When dynamic incentives are allowed, then the same argument of 
Boot and Thakor (1994) applies and so agents would prefer to borrow again in the second period, 
even if savings technology were available. 
 
Appendix E: Checking for loan officer responses to fingerprinting 
 

In this appendix section we describe in further detail the findings that loan officers do not 
appear to have responded to whether or not a club was fingerprinted (summarized in Section 5.A. 
of the main text). Online Appendix Table 2 examines reports from all loan officers collected in 
August 2008 as well as borrower responses in the August 2008 follow-up survey. Loan officers 
were first asked about the specific treatment status of five clubs randomly selected from the 
sample of clubs for which they were responsible. They were then asked whether they knew the 
secretary or president of the club and finally they were asked to estimate the number of loans 
given out in each club. The first row of the table shows that loan officers had very little 
knowledge about the actual treatment status of clubs. Only 54 percent of the fingerprinted clubs 
are reported correctly as being fingerprinted and an even lower 22 percent of non-fingerprinted 
clubs are reported correctly as such. Pure guesswork would yield an accuracy rate of 50 percent. 
This evidence alone suggests that loan officers did not take into account treatment status in their 
interactions with the clubs. 

Loan officers know club officers roughly half of the time, and on average misreport the 
number of loans disbursed to a club by 1.5 loans. More importantly, there are no statistical 
differences in the reporting accuracy of fingerprinted clubs compared to non-fingerprinted ones.  
Borrower reports in the last three rows of the table paint a similar picture. Loan officers are no 
more likely to visit non-fingerprinted clubs to collect repayment compared to fingerprinted clubs, 
and as a result, members of non-fingerprinted clubs report talking the same number of times to 
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loan officers as do members of fingerprinted clubs. Finally, they all report finding it relatively 
easy to contact the loan officer. 

The evidence in the table indicates that loan officers did not respond to the treatment. 
Therefore, we interpret impacts of the treatment as emerging solely from borrowers’ responses to 
being fingerprinted. 
 
 
Appendix F: Additional robustness checks 
 
Impact of fingerprinting in full sample 

Analyses of the full sample of farmers, without restricting the sample only to borrowers, 
can help address concerns about selection bias. Appendix Tables 5 and 6 present results from 
regressions analogous to the main Tables 4 and 5, respectively, with the difference that the 
regressions include all 1,226 individuals interviewed in the follow-up survey (borrowers plus 
nonborrowers).  
 Full-sample regression results in Appendix Tables 5 and 6 are very similar to those from 
the borrower-only regressions. As discussed in the main text, the general pattern is for 
coefficients that were significant before to remain statistically significant, but to be only around 
half the magnitude of the coefficients in the borrowing sample regressions. This reduction in 
coefficient magnitude is consistent with effect sizes in the full sample representing a weighted 
average of no effects for nonborrowers and nonzero effects for borrowers.  

To be specific, in the land-use full-sample regressions (Appendix Table 5), fingerprinting 
leads farmers in quintile 1 of predicted repayment to devote 5.8 percentage points more of their 
land to paprika (significant at the 5% level). In the inputs regressions (Appendix Table 6, 
Columns 1-7), the interaction of fingerprinting with predicted repayment in Panel B is negative 
and significant at the 5% level in the regressions for fertilizer and all paid inputs, compared to 
significance at the 10% level in main Table 5. The fingerprinting * (quintile 1) interaction term is 
also positive and statistically significant at the 10% level or better for all input types in the table 
except for man-days. Results in the sales and profits regressions of Appendix Table 6, Columns 
8-11 are similar to corresponding ones in main Table 5, but as before they are not statistically 
significantly different from zero. 
  
Results with “simple” predicted repayment regression 
 We discuss here robustness of treatment effect heterogeneity results to constructing the 
predicted repayment variable when excluding the locality*(week of initial club visit) fixed 
effects. Compared with the predicted repayment regression used in the main results (column 3, 
Table 2), when (locality)*(week of initial club visit) fixed effects are dropped the R-squared of 
the regression falls from 0.48 to 0.08. These alternative specifications are reported in Appendix 
Table 10. 

This simpler regression is then used to predict repayment for the full sample, and the 
predicted repayment variable is interacted with treatment to examine heterogeneity in the 
treatment effect. Results from this exercise are presented in Appendix Tables 7 through 9, which 
should be compared (respectively) to the main Tables 3 through 5. 

Results are very similar when using this simpler index of predicted repayment. For 
example, the coefficients on the interaction between linear predicted repayment and 
fingerprinting in Panel B remain large in magnitude and retain statistical significance in the 
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repayment and inputs regressions (Appendix Table 7, Columns 4-9, and Appendix Table 9, 
Columns 1-7, respectively). In Panel C, where fingerprinting is interacted with quintiles of 
predicted repayment, a slight difference vis-à-vis previous results is that typically the significant 
interaction term is (fingerprinting)*(quintile 2) rather than the interaction with quintile 1. In sum, 
the general pattern that fingerprinting has more substantial effects on repayment and activities on 
the farm for individuals with lower predicted repayment is robust to using this simpler predicted 
repayment regression.  
 
Results where predicted repayment coefficients obtained from partition of control group 
 This section describes our approach to estimating predicted repayment using a partition 
of the control group separate from a partition used as a counterfactual for the treatment group in 
the main regressions. We conduct this exercise 1,000 times, where in each replication we first 
randomly select 50% of the control group for inclusion in the auxiliary regression to predict 
repayment.  We then predict repayment for the other half of the control group and the full 
treatment group. Finally, we estimate the heterogeneous effects of treatment on repayment, land 
use, input use, and farm profits using equation (2) on a sample that includes the full treatment 
group and the half of the control group not randomly chosen for the auxiliary regression. 

We report the 95 percent confidence interval for coefficients obtained from this 
procedure in Appendix Table 11. We focus on results for the interaction between the treatment 
indicator and the indicator for quintile 1 of predicted repayment.13 Panel A of Appendix Table 11 
corresponds to Table 3, Columns 4-9; Panel B corresponds to Table 4; Panel C corresponds to 
Table 5, Columns 1-7, and Panel D corresponds to Table 5, Columns 8-11.  The coefficient and 
standard error reported are the original estimates and bootstrap replications using the full sample, 
as described previously. 

In every case, the coefficient from the estimate using the full sample falls within the 95 
percent confidence interval from the procedure using the partitioned sample.  Furthermore, in 
every case where the original coefficient is significant, all coefficients in the 95 percent 
confidence interval of the partitioning exercise have the same sign as the coefficient in the main 
regressions of the paper, and the confidence interval never includes zero.  
 
 
Appendix G: Details of benefit-cost calculation 
 

The benefit-cost calculation is presented in Appendix Table 13. The uppermost section of 
the table is the calculation of benefits per individual fingerprinted. At the suggestion of MRFC, 
we assume that all new loan applicants are fingerprinted, and that 50% of applicants are 
approved for loans. Based on our experimental results we assume that the increase in repayment 
due to fingerprinting is confined to the first quintile (20% of borrowers), and that for this 
subgroup fingerprinting causes an increase in repayment amounting to 32.7% of the loan balance 
(from column 8 of Table 3). We assume that the total amount to be repaid is MK15,000 on 
average. Total benefit per individual fingerprinted is therefore MK490.50 (US$3.38). 
 The next section of the table calculates cost per individual fingerprinted. There are three 
general types of costs. First, equipment costs need to be amortized across farmers fingerprinted. 
We assume each equipment unit (a laptop computer and external fingerprint scanner) costs 

                                                 
13 The confidence interval is the 2.5th to 97.5th percentile of coefficients from the 1,000 replications. 
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MK101,500,14 and is amortized over three years, for annual cost of each equipment package of 
MK33,833. Twelve (12) of these equipment packages (two for each of six branches) will be 
required to fingerprint MRFC’s borrowers throughout the country. With an estimated 5,000 new 
loan applicants per year, each of these equipment units will be used to fingerprint 417 farmers on 
average. The equipment cost per farmer fingerprinted is therefore MK81.20.  
 The second type of cost is loan officer time. We estimate that it takes 5 minutes to 
fingerprint a customer and enter his or her personal information into the database. At a salary of 
MK40,000 per month and 173.2 work hours per month, this comes out to a cost of MK19.25 per 
customer fingerprinted.  
 The third type of cost is the transaction cost per fingerprint checked, MK108.75 
(US$0.75). We assume here that MRFC hires a private firm to provide the fingerprint 
identification services, in which case the fingerprint database is stored on the firm’s server 
overseas and batches of fingerprints to be checked are sent electronically by MRFC to the firm 
during loan processing season. Lists of identified defaulters are sent back to MRFC with fast 
turnaround. In consultation with a U.S. private firm that provides such services, we were given a 
range of $0.03-$0.75 per fingerprint identification transaction. Per-fingerprint transaction costs 
are higher when the client has a relatively low number of transactions per year, and MRFC’s 
5,000 transactions per year is considered low, so we conservatively assume the transaction cost 
per fingerprint at the higher end of this range, $0.75 (MK108.75). 
 Summing up these three types of costs, total cost per individual fingerprinted is 
MK209.20. The net benefit per individual fingerprinted is therefore MK281.30 (US$1.94), and 
the benefit-cost ratio is an attractive 2.34. 15  
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14 This is the actual cost of each equipment unit we purchased for the project, which included a laptop computer 
($480), an extra laptop battery ($120), a laptop carrying case ($20), and an external fingerprint scanner ($80).  
15 An alternative is for a lending institution to purchase its own fingerprint matching software and do fingerprint 
identification in-house instead of subcontracting this function to an outside firm. This would eliminate the $0.75 
(MK108.75) transaction cost per fingerprint checked. According to a U.S. fingerprint identification services firm we 
consulted, the initial fixed cost of installing an off-the-shelf fingerprint matching software system is in the range of 
$15,000 to $50,000 (depending on specifications), with an annual maintenance cost of 10-20% of the initial fixed 
cost. In addition, there would be personnel costs for staff to operate the system. Assuming an initial fixed cost of 
$15,000, maintenance cost of 10% of the original fixed cost, and an additional full-time staff member to run the 
system costing the same as a current MRFC loan officer, NPV is lower when fingerprint identification is done in-
house than when this function is contracted out (which is why Appendix Table 13’s calculation assumes contracting 
out). But with a high enough annual volume of transactions (perhaps in the context of a credit bureau in which many 
or all of Malawi’s lenders participate), in-house fingerprint identification could make economic sense. 


