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Phsbract

Ko show that the Parebts superiority of lozn repayment in—kKind within
a tiad credit srreangement to & cash—for-cash acheme uvnder dncertain
oatput price depends crucially gn the Carmer loan demand elasticity
and his risk attitude, When demand iz inelastic, risk aversion
amngng farmers is regquired for Pareto superiority. We show that

cartein =aft credit intervention initiatives may have ocutput effects

opposite to those intended.




The linking of credit to ether markets confronting the farmer has
attracted & good deal of work. Braverman and Stiglitz (1982) have
znalyzed the linkage between ths conswnption or production credit and
tenancy contract focused on  the positive offect of borrowing on tenant
effort, which forms the main moetivation for the linkage. Mitra's (19383)
focus is ataﬁ‘nn the incentive &ffect of cradit. Eotwal [198%) showed
that consumption credit acts like a side-payment that allows risk sharing
without dempening effort incentive. Baszu (1983) argues that "potential
risk™ EEEu[ts in "isolation® of tenamis as landliords ensure that eredit is
granted to tenants selected on the basis of minimum defsult risk. The
rele of imperfect credit markets has always loomed large over the issue of
agrarian credit tying (Bravermsn and Srimivasan, 1981: Bliss and Stern,
1982; Bell, 1988; Oisvks, Chuma and Hayami, 1983). Besley {1988 has
recently used credit market i;mﬁrfactinn to show the Pareto superiority of

credit %ying in & monopoly product merket.

Although the focus of the wast interlinked contract literature has
been, and properly se¢, the complex relationship between landlord and
tenant encompassing the credit, facter, consemption goods and autp&j
merkets (Bardhan, 1980; Bravermen and Srinivasan, 1981: Braverman and
Stiglitz, 1982; Kotwal, 1985; Eswaran and Kotwsl, 1985; Bell and Zusman,
13979; Binswanger and Rosenzweig, V381; Shetty, 1988; Otsukas and Hasrami ,
1988}, it would surprise no one if market [inkages characterized
relationships between other agenis in the same agrarian economy. One such
faivly commen relationship is between farmers and other credit sources, be
they traders or local money lenders. Floro (1987a and 192876} has already

described the broad features ov the reiabienship betwesen fermers and

traders in the linked contract framework. Thi= paper focuses on a



particular feature reported by this and other researchers - the widespresad
presence of "lean repsyment in-kind" among farmers and traders. This is a
common observation in the LDC rural economy. Farmers receive cash loans
from traders at planting time and repsy in units of produce (say, in sacks
ofipalay or padi), the nwmber of units being sgreed upon at planting time.
The main question addressed in this paper 135 the following: why do
farmers and traders in LDC prefer loan payment in-kKind within a tied

arrangement to straight cash-for-—-cash scheme?

The tack we embrace here in liew of the more common credit market
imperfection i= that the output market i= characterized by substantial
price uncertainty which can spell disaster for farmers. Note +that the
cormon  focus of risk anaslysis in this area is producticn uncertainty
(O¥=uka, Chuma, Haypami, 1383). The price uncertsinty may be diae teo
supply—and—demand shifts; but in more primitive settings it may b& due
more to lack of Acoess ta markets gither infresurocture—andsor
information—wise, compounded by such problems as the perishabilify of the
produce. The loan repayment in-kind in 2 tisd arrangement answers this
exigency. In effect, .part of the farmer’'s cutput is insglated from price
fluctuations. In return, he may agres to either pay & highsr interest on
the loan or accept a lower price for his outprt. The monopolistic trader,
#n the other hand, maximizes profit from his fransacticn with the farmer.
This clearly depends on the level of farmer ouiput which he can affect via
the price at which he makes the crop lean awvailable. This price becomes

the decision parameter for the farmer.




In Section II, we define the two competing asrrangements available.
He show that when he is risk—averse, there is a pricing structure where he
prefers the tied arrangement even when he either paya a higher intereat on
the lcon or accepts & lower price for the output. In I1I, we define the
trader’s arrangement problem and give conditions for, the Pareto
superiority of loam repayment in-kind. In Bection IV, we show that
certain soft—loan initiatives intended to raise output may lower it.
ot

II. Farmer's Arrengement Choice Problem

The farmer produces one commerciz]l crop x with a production
function F{.]} which is strictly copncave, pondecreasing, differentishble and
defined over one argument B, the farmer's total borrowings for production
purposes., We sssume the farmgate ontput price, E, te be a random variable
with'mean 7 and variapnce o2. The farmer is a price Laker. The farmer

confronts two types of arrangement. The first is:

By ;.  (Cash~fer-Cash) The farmer borrows cash st planting
time from the rural financizl market or the trader and
repays with interest in cash after dispesing of his produce

at prevail ing post=harvest price 1n the prodaoct market.

The profit function under Ay iz

L

Ty o= ;FI:E} — {1+r)B, : )

*

where r is the roral finsncisl merket fnbterest rate. In this case, the
product snd eredit markets are independentiy confronted. The second

arrangement confronting the farmer is:



Bs: {Loan Repayment in-Kind) The farmer procures his credit
requirement in cash from z trader-lender at planting
time and repeys in units of produce at harvest time,
the nomber of units baing agreed cpon at the time the

e=sh loan was secured.

be assume Ag to be monopolized by & particular trader. There are Lwo
considerations of importance: the purchase prica per cutpul unit, P, and
the imtereat rate, r°, charged per unit of borrowing. Both of these are
agreed uvpon at planting time. The iean could also De secured in-kKind,
sxg, in bags of fertilizer. If q is the number of units owed (say, in

sacks of palsy), we have
q= {1+r')}B/P". (2}

After the repayment, the farmer is left with (F—a)*which he dispdses at
post-harvest farmgaie market price. In this paper, we assume that the
lending trafler, in fact, DblUws the ru;ainder of the ocutput. The farmer
profit fonction for Az is
T2 = BAF(B) — [{14r')/P"1B}. (3
.

In By, part of the farmer's outpui, g, iz insgred from price uncertainty
which is its attractive festure. This is, of course, ot sunfficient to

tilt the balante in favor of fg. Our concern in this section involves the

conditi@ns that make the farmer prefer Ag to By.




We assume thet the Tarmer compares arvangemenis Usihg a continuous
and separable utility function U{.} which is linear znd menstonical Ly
increasing in mean profit, ;1. i =1, 2, and, when hz is risk—avarse,
linear and monotonically decreasing in profit warisace, o¢, i = A o

i

where | refers to the type of arrengement and the us=ual agperseript "2" in

the variance is omitted. We hava
U« Ulzgpog), Ug >0, U, 0, el 4 (4}

Note that Uy = 30/9r4, U, = U/30¢. For the sake of congenience and
focus, we assume that U is lipear in T4 and T5. This way we would not
be weighed down by higher moments of preference. Let the farmer utility
at a particular B, B®, be written as Uirg (B*Y, o5 (B*1). Let B4™ be tha

optimum borrowing by the farmer in arrangement 1 = 1, 2. Mo write:

mex [UfTs, o1} = UlreiBi*), oe(B4*}). Sy
B

L
At maximuem, B4* is & function of affective loan rate, say R, and when we

need to be explicit, we wrife Ulr(Bo™(R}}, o {By*(R}}) = Vq(R).

We now assume the farmer to apply the following rale:

Rule: Given {r, r', P', F}, the farmer chooses Bo over

Bi it U(T2(B2*), o2{Ba?)) > Ulm (Bi*}, o1{Bi*)).

It 13 obvious that the rule applies the Pareto prionciple on cholce of

arrangements. From (1), the expected profit, 7, in A; is

1 = P F(B) = {1+r)B, (&)

and the variance s

[




oy = F{2)2g2. (7
From {3}, the expected profit, vz, in A is
Tz = F[F(B) - {{1+r')/P'IEI, {8)
and the variance for Az is
oz = [F(B) = ({1+r'}/P'}B]202. (4}

Comparing (7} and (3) and noting that [FEE) — {{14+r")}/P")}B] <
F{E} for all E'Such that ;q 2 0, wa have for 211 B,

g1 > g2. {10}

Thus, Az is unawbiguously less risky than B« for any given B from the

viewpoint of the farmer. Comparing (&) and (8) we have, for every B,
5 2wy 1ff [{1+r'}/P'] € [(14+r)/P]. (11}

Wow, [(1+r')/P'} is really the effective interest rate on the loan
incurred by the farmer in a tied credit and eutput arrangement while
[{1+r}/P] is the average effective rate on the loan in the straight cash
transaction. The higher is P' and/or the lower is P, the more attractive
cost-wise is the tie—in arrangement. In the preceeding, we have assumed
that the composition utility function .Y in each arrangement iz atrictly
maximizable in B. This may not pecessarily be the case_ﬂ We thus spell
out the conditions for the concavity in each case of the farmer utility

function. Recalling that farmer wtility is linear in ¥y and o¢, U{.} in

Ay is strictly concave with respect to B if




i} F'"{FUy + ZU,Foq) - Ve 148 = O
(i2)

(i) EM(PUy + HeFor) + U AF* )2 + ZEIBU, (dy SR <.0.

Sinee F'> 0 oand F* < 0, (FUx + 2U,Fo) * 0 is necessary for (12i) and
sufficient for (12ii} since {do1/dB} > 0. 1f the farmer is risk-neutral,

{12i) Becomes Ug (FF'={1+¢r)) » © and (12ii) UFF" < 0. U{.} in By is

stricely concave if

-

(i)  {F'-RI{BU, + ZU; [F — RE]Jo=} > O
{13}

(ii} {PUx + 20U, [F-RBJoz}F" + 2Ug (F'R)oz + 2U, [F-RB] (doa/dB) < ©

where R = (1+r°)/P'. Now dva/dB = (F'~R) 2 0 so that {—.—} >0 in [13i}.
(i243) follows i1 {—.—} >0 in {131} it being clear that (dos/dB} > 0.
If the farmer is risk-neatral, [131) becomes (F'-R}PUx > O and {13ii)
becames ELaBE ooy For & risk-nsutral! farmer, the strict concavity of
F(.¥ suffices for the sirict concavity of B(.). Cenditicns {12} and {13)

guarantes the existence of a unique global maximam for each probloemn.

The following is sasily shown:

-laim 1: If the farmer is risk—-neutral (U, = 0}, he chooses

P over Ay if and only if [(14v*3/P ]« [{14¢)}/F1.

Proof: (if) With risk peutrality, the farmer's gtility fumction
is U{;-E}, i =1, 2. Since U{.} is monotonic incrsasing on
Ty and (1) being true for all B, U{a(Br*)) > U{T: (B ")),
Buppose By * ¥ Bu*, then L.ll,;g{B-_i-’}‘,n > U{ra{B *)) » Uixy (Br®) ),
Bx® being optimum for Ag. If Bi® = Bp*, U(¥2(B2*)) > U{m (B *))

and he chooses Ay over A;.




(oniy if)} Supposs, given r, r', P' and F, the farmer chooses Ag
suer B, i.e., U(T2(Ba*)) > U(x+(Bi*)). Then Ta(B>*) > 71 (B:").
Suppose now [{I+r'}/P'] = R z [(14r)/P}. Consider the problem of
maximizing T in {6} with respact to [{1+r]£ﬁ}- By duslity.
(Varian, 1978), the maximized profit function, 7 (Bi*}, is conwvex
and decreasing in [{1+r)/F). Now substitute [{1+r')/P'] for
E[i+r}f§] in {8). Lat £y (By*') be the maximem profit after

the substitution: Obwicwsly, ¥iiB "% £ Tl (But 75{B:*) =

T:(B1*'). Thus, 72{Bz*) € ¥(B4"}. A contradiction. Q.E.D.

A risk-neutral farmer will thus be induced into B it &nd only if there is

an explicit monetary cost saving to be made, which is what we expect. Ko

now BHave the main results of this seclion.

Claim 2: If the farmer is risk—averse (U, < 0), there exists a

Prood:

pair {r",F") =so that [{1+r"}/P"] > [{1+r)/F] and the farmer
choosea Bs over B .

consider the pair {r', P') so that [{(1+r')/P’] = R = [{1+r)/F].
Then for &ll &; ;1 = ;g. Consider B1%. Clearly Divr={Bi*).
ga(B1*}) > UlTy (B "), o7(B:1 ")}, since agsin a:{E,‘} < gy (B2}
Clearly, by (5) and (13i) and (13ii)}, UiTa(Bg*), o2i{Bz*)) >

Ulry {B1*), o2(Bi*)) at this pair {r', P'}. As was previocusly
indicated, we write U{Tz2{Bz*), g2(Ba*)} = Vz(R} te bring out the
dependence of Bz on R. Consider {Reh}, h > 0. MNow, [Vz{(R)} =
Yo (R+h)] = ¥z '{R+£)(—h) where U < € 5 h, by the mean value
theorem, and ¥z' < 0 is the derivative of V¥ evaluated at {R+E).

This difference approaches zera a3 h approaches zero. Thus, Tor




smatl enough b » 0, Va(Rth} > Ulrs (B *), 092(21*}). And the farmer
-chogsas Ay over By for (R+h). Let h = (5/P'), so that & + 5 =

{1+r'+8}/F' and v" *» r* + § while P" = p*. G.E.D.

Thus, when the effective price of the loan is higher than the expectad
effective price, the farmer's risk aversion i5s a necessary condition for
his preference for Ay over A;.

e

11I. The Trader's Cheoice of Arrangement and Price Offers

The monopolistic trader can choose between pure treding or a mixture
of trading and lending in & tied credit arrangement. HNote that merely
providing.a crop loan at planting time doss not qualify as credit-tying.
For example, the irader lends B at interest rate r {(the market rate) and
later on buys the farmer's prodoce. at F afier which the farmer pays B{l+r)
tor the trader. This, as far as the farmer is concerned, is cash—for-cash.

The trader is merely a financial intermediary.

If the ¢trader chooses credit-tying, he confronts two typas.uf the
same produce: +the loan repayment inkind, g, and the residual [F({B8*)-q)
where B* is the farmer's optimum borrowing. WNote thal the arrangement
subscripl is dropped asince the chodee of arrangement wiil be subsumed in
the choice of price offers problem. At harvest time, the trader receives
q = [{1:+P'}/P'}B* as payment. This he selis &t excgenous price Bx {the
outlet market is assumed compeltitive) at & per unit disiribution cost of c.
Thos, he realizes {;=—c}q. The residual ocutput he =slls at Ei but he biys

it st farmgate price F with the per unit distributisn cost af also c. For




Ta

providing the farmer-B*; the trader now has to pay himself or 'his crediior

B*{1+x}a Thus, his {ramdom] profit iz

x = (Pa-c)q — B*(1+r) + (P-P-g} [F(B*})~q] (14}
which, after arranging and taking expectations, reduces fo

x = Pg — B*(1+r) + mf{B*}, (15)

where m = {?;—F—c}. We have assumed above that P and Ps are independent
random wvarizbles. This need not be the case and, in fact, P can be just

Hu

some - lineasr function of PF.  Pssuming that the trader is risk—meutral, then
his only concern is max;mizing . The feature that is of interest in {15)
is the following: Suppose P' = P and r* = r. Then the first tueo
expressions in (15) which is [(P/P'}{1+r') — (1+r)1B* = 0 and T = oF (B*).
This is the aversge profit of a pure trader who, ¥ Be lends at ail,
operates on a pure cash—for—cash basis. Therefere, if the itrader optimam
price offers differ from iP.r), we know that the trader prefers credit—
tying. The trader has two instruments in his hands, r' and P'. We first
show that the trader’s maximom profit is the same whether pursued through

i

toorPls

Claim 3: Suppose F(.) is characterized by decressing sbzolute risk
aversion. The trader's maximum profit is invariant with respect to

instrament wse.

Proof: We first set the partial of (15) with respect to r' to zero,

getiting

[F* + FR =~ (14r)]B*'/P" = (~F/P")B", 1%
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where B** = (dB*/dR)} apnd R = [{1+r"}/P*]. Setting the partial with

respect P' to zero gives, after factoring out (=R/P"},

ImE* + (PP ){1+e') = (T4Fi]B* p" = (~F/P"}B*,
which i= identical to (16}. We need to show that {16) indicates a
profit maximum. The second order condition for a meximum in both

Casen (==
(ME" 4 PR ~ (13r)IB* ¥ rB** B9 B+ o 2PB*" < 0,

where B*" = dB*'/dR. MNow since F" < 0 and B*' = {dB*'/dR) =
(1/F"} < 0, the last two expressions are negative. MNow

[f' + PR ~ (14r)] = d%/8B 2 0. A sufficient cendition for
negativity is that B*" 5 §. Thi= is true if F{.} is characterized
by decreasing absolute risg AVOrsion, l.e., F"' > 0, Since

BY =R B e PR {E Y] £ 0 i g Q.E.D.

Thus, the two instromentis are perfectly subsztitutabls, Suppressing, for
example, interest rate leaving output price free to move Wwill met improve
Farmer welfa(e, an intereésting thoogh not total ly unexpected result. A
fall in P" will see to that. That baing the case, we znalyze the trader's

problem using only P'., Setting r' = + in (18} and simplifying, we get
F' <P = [WF'/R] - [Frel. {17}
The following is obvious from £17):

F-Eﬁ.

a BT

Claim 4: With r* = ¢, p°

-

(FRAWF ' .

"
Al
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Thus, a farmer whose loan demand is very elastic (€ large encagh) will get
a higher than awverage price offer while the fermer with very inelastic
demand will get & lowser than awversge price offer. This is bacause the
higher is €, ths higher is sutput supply slasticity and vice—varss. Thiz
is clearer if we realize that B*' = 1/F" and, thus, € = {=1/FT"}{HB*]).
Thus € —> ® a5 [F"| —> 0 or that the production function i3 appreximstely
linear and is hardly subject i decreasing returns. Lowering the prics
offer raizes output fand thos trader profii} comsiderably. The opposite is

true if |F”! iz wvery large. We now hawve the fol lowing:
Claim §: Mg is always Parsto superior to Ay if € > (PRAmE *) .

Proof : If the inequality helds then the trader offers P > P, i.e..
chooses Az over Ay velontarily. Sipce r = r', them [{1+r)/P'] <
{{14r)/P] and the farmer chooses Az over By whether he is risk-

averse or peutral by Clzim 1. B.E.D.

Claim 6: A negessary condition for Az Lo be Pareto superior to Ay when

€ « (PR/WF') is that the farmer be risk-sverss.

Proof : Again when € < (PR/WF'}, then the trader seta P ¢ P, thersby
choosing Bg voluntarily. Thus, [{lsr)/P'] = [{1+c)/P]. By Clasim 2
the farmer can choose Bo woluntarily woder thus condition i1 he is

risk—averse. QE.D.

=

Hote thaet risk aversion is necessary but net sufficient for the farmer to
improve his lot with Ag becasuse the price offer may be too low (or the
price [nsurance may be two costly given his risk aversion). But it he

chooses Bo  woluptarily, he is risk—averse.
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The first policy result of interest in this section is really that
intervening in ope instrument only may not either decresse the trader's
profit or improve the farmer's welfare. The secondd is the central role
played by the loan demand elasticity and its sibling, the output supply
&ia=ticily.h I{f these are fairly large, traders may be doing farmers a
favor and intervention may be detrimental. If these are fairly small, then

the proper approach may be to raise the glasticities tbetter irrigation,

- y
proper and avaiisble fertilizer, efec.).
IV. Output and Credit Policy

The first order necessary conditicm for farmer maximtm in Bs is

given by setting {13i) equal to zero. We heve the fol lowing:

Claim 7: At maxwinum in 3

S o v {18}

Proof: Suppose that at maximum. F* - R 5 0, so that (PUy + 2U,{F-RB)oa] = 0.
Rearranging and taking the second derivative, we have: or [F' - R} =
{=FUx/Ua ) (—1/022) (do=/dB) < O, since (doo/dB) > 0, & contradiction.
On the other hand, F' — R = di-/d8 > 0 and cannot be negative at the

relevant ecgnomic range. Q.E.D.

Thus, the risk-sverse farmer under B acts liké a risk-neutral agent,

Compare this with the maximum condition of the farmer under Ay
F' = [{14r)/P] W/ [U,+2U, (F/FY0;]] . {19}

If the farmer is risk-nsutral (U,=0) we have simply F' = {1s+r)/P, which is

algebraically identical to {1B8}.

B E———
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The following derives from the strict concavity of EL¥:

Claim 8: Output under Az exceeds that under By 1ff
CEIr) B/ [0 +r /P '] 5 (U2, (F/E U] s {203
Proef: ({if} Thi=s follows from [18) ard (13) where the right hand side af
{18} exceeds the right hand side of {(18) if the inequality condition
{20} helds. (only if} Suppose ocutput pndar Bo exceads that und&; B .

Then F'(B1*)} » F'(Bx*) and {20) folliows {rom (18} and (19). O.E.DO.

Note that Uy + 2Us{F/P)el > O from the concavity conditioen {13i) but its
shsolute value decreases as either of the following rises: F. o and |Ua|-
The larger is F, the variznce and the more risk-aversa is the farmer, the

more likely that the outpot under Ry exceeds the culput under PRg.

This can lead to an intriguing pelicy pessibility. Suppose that in a
geographic area, farmers are riak-sverse and are effectively purchesing
price insurance by paying a higher effective loan rate & %o a |ender wnder
i Rssume that (20) holds. Suppose & governmeni agency concerned with
increasing cutput steps in, judges the rste as "usurious”, outlaws the
lender's activity and offers instead Ry 2t a rate [{(14r)/P] < R. The
result will be lower output! For the policy to have the desired resait, the
interest bargsin mest be substantial enough to reﬂu;&e {20, There is;
thus, & ‘thresheld' below which the outpul resuit  is the reverse of the

gxpectation. 3

If the lender's actiwity on the other hand is not out lawed, the
sgency's offer wili have mno takers Dut output will mot drop. This then

argues for govermment agencies to respact corrent arraogements and aim




1
instesd to enrich the farmers' menu of cptions. Bet the latter case mey ba
incent ives incompatible as far ss the proponents of the "soft loan" ugham?
iz concerned especially when "loans cranted" constiivtes the measure of
success o Tailure of the program.

.

Conclasion

Im thiz pﬁﬁbr, we consider the widespread practice of “loan repaymont
irkKind” made at harvest time, the wonits of produce being set at planting
time. Part of the farmer's output is thus shielded from price fluctuation
which can spell disaster for the farmer. The paper shows that risk—noeutral
tarmers prefer the pure cash—for—cash (A:) to repayment [n—kind.{hg} if and
only if Ay enjoys a net loan price advantage (Claim 1). A risk-averse
fermer may =till choose Bz even 1T Ay anjeove &5 pet loan price advantage
(Claim 2}. In this lstter case, the [armer is purchasing a price insurance.
The Lrader's cheice of arrangement problem 1s imbedded in his choice of
price affers. We show that the trader's meaximum profit is the same whether
the instrument used is interest rete or output price (Claim 3. The offser
price excoeds (falls short of) the sverage farmgate price s loan demand
el@=ticity excesds (falls short of) the ratio {(PR/WF'} (Claim 4). Thus, the
higher elasticity farmer will get 3 price advantage over the low elasticity
farmer. Py iz slways Pareto sup#ricr to Ay for high elssticiiy farmers
[Claim 5. Fisk aversion is necessary lor the Pareto superioriiy of B
{Claim G6). Finaliy, we dJiscuss a case where "soft credit intervention" with

the banning of the trader in order to raise output mey actually decrease it.
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