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INTRODUCT 10N

Background

Between 1960 and 1969, close to U.S. $1 billion was provided to
developing countries by Interamerican Development Bank (1DB), International
Bank for Reconstruction and Development (IBRD), and United States Agency
for Intermational Development (USAID) for credit programs in agriculture.
USATD supplied approximately U.S. $221 nillion of thig amount. In addition,
USAID has channeled several hundred million dollars of counterpart funds
into agricultural credit institutions. Latin America has been the major
recipient of this assistance getting 907 of USAID loans and grants, and 75%
of IBRD's. Most loans to recipient countries have been made under extremely

favorable rates and terms.l

The Sector Analysis Diviston of USAID, Latin American Bureau (LA/DR),

in wollaboratjion with the Colombian Ministry of Agriculture, has been engaged

in an analysis of the agricultural sector of Colombia as a basis for more
efficient utilization of scarce development resources. An integral part of
this analysis i{s concerned with the role of supervised credit in the process
of econoaic growth. However, until now, work has not gone beyond cross tab-
ular analysis of the impact of Colombia‘'s program of supervised credit.

This research is an attempt to provide a more rigorous and quantified
assessment of supervisnd credit in Colombia, based on explicit tlieoretical

models and hypotheses. The research focuses on the fmpact of a credit

lSee Dale W. Adams, ‘Agricultural Credit in Latin Anrica: A
Critical Review of External Punding Policy," American Journal of Agri-
cultural Economizs, May, 1971, pp. 163-172,

program on factor use, production, profits, and technology among small
farmers producing one important cereal crop, corn. Also, the research
is concerned with the effect of institutional constraints surrounding
credit use, on the efficiency of resource use by borrowers. No attempt
is made to assess the relative social costs of corn produced with, and
without supervised credit, since it is Tecognized that a subsidy is
involved in the use of the credit.,

The credit program to be studied is sponsored by INCORA (Instituto
Colombiano de Reforma Agraria). In addition, INCORA provides programs
in land reform and titling, colonization, cooperatives, and infrastruc-
tural development, which are integrated at project levels to provide
a complete development package. The credit and technical assistance
program started in 1964 with a loan of U.S.$10 million from USAID; in
1966 a second loan of U.S.$8.5 zillion was made. It is estimated that
about S0,000 families have been affected by this program since 1964.2

INCORA was created by Law 135 in 1961. Its basic purpuse is to
administer the land refornm legislation contained in Law 135, INCORA is
managed by a General Manager named by the president. The central office
at Bogota has three staff program divisions besides its administrative
arm. These are the Legal Division (land distribution, redistribution and
titling), Engineering Division (project works in irrigation, drainage,
roads and bridges, land clearing, etc.) and Rural Development Division
(cooperatives, community development, supervised credit and technical
assistance, and housing). Each Program division is headed by a director

with appropriate staff and technicians.

zT'he information in this and the next few paragraphs draws on: James
Schwinden and Gerald Feaster, "The INCORA Supervised Credit Program,*
USAID - Spring Review - Country Program Paper, Colosbia, Circulation Draft
Copy, Octuber 10, 1972.



“Thesw three programs are implemented in the field st the project level.

octs are designated by the manager of INCORA and the Social Agrarian
Council. Each project has a manager who is on a level equal to the
directors of the various programs, but is responsible for designing the
mix of programs in the particular project he manages. He reports directly
to ths General Msnager just as Program (Divisioa) Directors do.

Thus, program mansgement and administration are from Bogota, but are
strongly influenced by the Project Manager. For exarple, in the Rural
Development Division, there is a Sub-Director for credit. Field personnel
in credit are trained in the central office, and then assigned to projects
depending on the mix of programs required in a project by the Project
Manager.

The thrust of legal and engineering programs in a project may also
affect the nature of a supervised credit program. For ezample, if the
engineering program is to provide primary and secondary distribution
systems for irrigation, the project manager will likely require a
complementary credit program. It is probable that loans would be made
only for investment in on-farm distribution systems and in improved seed-
pesticide-fertilizer packages that give large increases in yield when
used in conjunction with irrigation. In this situation, the direction of
the credit program in each project is determined by the project director
even though it is administsred and managed from Bogota. Further, the use
of credit is more than likely tied to a particular set of resources in
each project.

Once the mix of progrums has been determined, and the general thrust
of supervised credit decided on, loans are made in the following manner.
.Each project is divided into zones for purposes of disbursing loans to

farmers. Each zone is headed by a zone chief who supervises four or

five field supervisors. It is the supervisor that,has contact with the
fara families. The supervisors prepare farm plans ;vith the famllies,
and the zone chief ceviews the plans.!'

If spproved, disbursement begins. At the same time, supervision
begins, as the supervisor visits the borrower's fara to inspect crops,
capital improvements, compliance with the loan plan, and to advise the
borrower of market conditions and repayment dates. From three to five
visits are made on the average to each borrower each year. The results
of the first farm plan are jointly reviewed by the supervisor and borrower

and used as a basis for a second plan.

NHature of the problem

The prcblem at hand can be divided into two parts. The first is
concerned with quantifying the direct impact of the INCORA credit and
technical assistance program on a sample of small farm borrowers producing
corn in the program in 1968-1969-1970. The s2cond facet of the problen
is to measure the effect of constrainis (imposed by INCORA) surrounding
credit use, on the efficiency of resource allocation in corn production
among INCORA borrowers. Intelligent use of development resources in
Colombia requires such evaluation of the INCORA credit program. While
sone general studies have been lta.cle,4 this is the first known detailed
analysis.

The first part of the problem focuses on the impact of the credit

program on production and profits of small farmers. When the supply of

3Averagc: cost and return data by zone or region and by crop are
prepared by the zone chiefs from initial farm plans. These averages
ars »sed to assist in preparing new famm plans.

4cce Dale W, Adams; et al., "Supervised Credit in Colombia's Agrarian
Reform: An Evaluative Study," Bogota, Centro Interamericano de Reforma
Agraria, 1966; and Schwinden and Feaster, "The INCORA Supervised Credit
Program.”



- wi0dit for working cspitgl for small farmers is substantially increased
st s highly subsidized rate, an increase in factor use and production
among such producers would be expected. Consequently, the problea is
to measure for a sample of small farm INOORA borrowers producing corn
such changes in the vnr.lo.us resources used in corn production,s in total
comn production, in profits, and in techniques used to producs corn as
INCORA credit and technical assistance are applied. Measuring such changes
will provide a basis for evaluating the detailed impact of the credit
prograa on the production milieu for corn among borrowers.

The second part of the problenm is co?cmed with evaluating the effect
of an INCORA policy bent on the efficiency of factor use among borrowers
producing corn. INCORA'3 organization and loan policy tends to tie the
use of credit to specific factors of production. Under such restrictive
institutions, resources would be expected to be less efficiently allocated
than if the institutional constraint did not exist. Consequently, an
attempt will be made to measure the impact of <uch a constraint on profits,
producti;n, and factor use.

Extant studies of INCORA have not provided this detailed evaluation
for two reasons. First, these studies are very general in nature attempting
to evaluate a nuﬁber of facets of the INCORA program. In addition, the
existing studies include a detailcd history of INCORA and a description of
its functional organization. Usually based on cross tabulated material,
conclusions about impacts are educated value judgements, with little
relience on explicit conceptual models or quantification of results.

Second, relizble data are not available to make '"before'" and “after"

comparisons. The studies have relied on other more narrow data bases for

s'l'he most important cereal crop in the country.

comparisons, or, for instance, have assumed that differsnces between budget
for the same borrowers in their first, agd £ifth year with INCOIA sdequatel,
reflect the program's impact.

Absence of reliable farm budgets for the sample of corn producers
using INCORA credit before their entrance into the program, presents
another dimension to the problem in this research effort. Either usable
data must be generated, or a methodology developsd which permits quantifi-
cation from existing data of the effect of the credit program on the
allocation of resources by snll_ farmers. Since it is practically impossi-
ble to obtain pre-INCORA data that would be accurate. a part of the problem
of this research is to develop a conceptual apprcach which permits calcula-
tion of the impact of INCORA'S credit program on production and profits
of small farme:s, with farm budgets for the swumple of farmers after they
entered INCORA.

The basic approach is to use linear programming to "simulate" budgets
for small farmers that characterize production in the absence of (prior to)

6

INCORA loans.  The difference between the current situation and the

—

simulated pre-credit situations may be interpreted as the effect of INCORA.

This conceptual approach is also used in attempting to measure the
impact of INCORA's loan policy of tying loans to specific inputs. Linear
programming is used to calculate the level of production, profits, and
resource use when use of the loans is unzonstrained among resources.
Differences between the current situation and the programming solution,
are interpreted as the effect of INCORA loan policy on the efficiency of

resource allocation.

6'I‘he model utilizes the production coefficients of farmers after their

entrance into the program, to simulate the budgets which reflect absence
of INCORA loans.



PROCEDURES
Gbjectives of the research

General approach
The objectives of this research are:
The first part of the problem is to measure the inmpact of INCORA

1. To develop a model to characterize the level of factor use,

credit for working capital on a tample of small farmers producing corn,
profit, production, and the mix of technology, for a sample

using farm budgets fc. such farmers after they entered the credit program.
of INCORA borrowers producing corn, before they had access to

The basic approach is to use a linear programming model (designated
INCORA credit.

' Model A) to determine levels of.corn production, profits, factor use, and
2. To compare the results of the model outlined in objective 1

technology in the absence of INCORA credit for working capital. The
to the present (determined from a farm sample survey) to

difference between the current situation us revealed in the data, and
moasure the impact of the INCORA credit and technical assis-

the solution to the program, is the impact of INCORA, under assumptions
tance program on factor use, profits, production, and tech-

considered below.
nology.

The second part of the problem is to measure the impact of INCORA's loan
3. To develop a model to characterize the level of factor use,

policy which tends to tie the use of credit to specific factors of production, )
profits and production, and the mix of technology, for the /

I
on the efficiency of resource allocation. The basic approach is to use ;
sample of INCORA borrowers producing corn, with no constraints {

linear programing to measure profits, production, and factor use, in
on how working capital may be used.

the absence of restrictive policies, and compare this solution to the
4. To compare the results of the model outlined in objective 3

current situation.
to the present situation to measure the impact of restrictive

This is done in two steps. First, the current situation is programmed
INOORA loan policies on the efficiency of resource allocation,

under the assumption that working capital is restricted to be used for
by measuring differences in the levels of profits, production,

various resources as revealed in the data. This is designated as Model
and factor use.

B.1. The second step also involves programming the current situation
S. To comomically analyze the results of both models, and sot —

but with working capital free to be allocated among resources to its most
forth conclusions and recommendations, and suggestions for

efficicnt use. This is designated Model T.2. The difference between
further research.

Model B.2 and Model B.1 is attributed to permitting working capital to be

allocated according to efficiency criteria; e.e., it measures the effect

IS
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of INCORA's restrictive loan policy on efficiency of resource allocation.
Both Models A and B must use W only de.;a available, i.e., farm production
coefficients describing production practices of farmers in the sample
after entering the progras.

An_assusption
The proposal to re the impact of INCORA loans on profits,

factor use, etc., by differencing the current situation, and results of

8 linear programming solution indicative of the past (Model A), may present
2 problem. Pdgduction as messured by the linear programming solution is
optimal, i.e., it takes place on the frontier of the production surface.
However, it is likely that actual production in the past was sonewhere
inside the production surface. If so, comparing the resul:s of Model A,
with the current situation could lead to underestimates of the impact of
INCORA.

Given this rationale, it might seem more reasonable to compare the
results of Model A, with the solution to the program of the current
situation with restricted use of working capital (Model B.1), since both
Tepresent optimal production. If, however, the resu;ts of Model B.1
are not much different than the current situation, then it would not mak.
any practical -difference whether Model A was compared to the current
situation, or Model B.1. To anticipate the results of comparing Model
B.1 with the current situation, there is not much difference. Consequently,
8ll comparisons to measure the impact of INCORA credit on profits, etc.,

are between results of Model A, and the current situation.

Thus, our comparison rests on the assumption (empirically justified)

that resources are optimally allocated in the current situation.7

Limitations

This study focuses very narrowly on a sample of INCORA borrowers,
who were producing corn, and who were in the progran in 1968-1969-1970.
No other crops or borrowers are considered. The research is only concerned
with measuring for the limited sample: a) changes in profits, prrduction,
factor use, and technology, dus to the infusicn of INCORA credit; and
b) changes in profits, production, factor use, and tecknolog,”, that would
bé expected to occur, if INCORA's restric-tive loan policies had been
relaxed before making such loans.

While evaluation of the social cost of coa produced under INCORA
loans vis-a-vis other corn production, is certainly important, it is not
considered here. Also not considered is the question of the impact of
INCORA loans on non-borrowers, on other credit institutions, and linkage
effects ;.hroughout the rest of the economy. Finelly, no attempt is
made to evaluate organizational and institutional weaknesses beyond that

in (b) above.

7Incidenta11y, the comparison of the current situation with Model
B.1 supports Schultz's hypothesis concerning efficiency of resource use
in traditional agriculture contained in: Theodore W. Schultz, Transforming
Traditional Agriculture, New Haven: Yale University Press, 1964.



LINEAR PROGRAMMING MODELS

Model A (absence of INCORA
credit for working capital)

Model A is specified as follows:

12
)hx'l-tcj...............(l)

=1 :

12

Subject to: Z aux Sb' (working capital) . . . . . . 2)

1z
3-1
12
3-1 Ay SbyUaad) . . L ... L@

xj. j.a..,mdbko.......... (5)

"ij Sb (family l2bor) . . . . ¢« « o . (&3]

where: X 5 a hectares of corn produced in technology level j

% = profits or productio'ng

c; " profits or production per hectare of corn produced
T)wt—{ o :Ln tac.hnology level j
8.. = input < per hectare of corn produced in technology
level J
b. = total amount of mputtava:uable in the absence of
INCORA whore:
b1 = working capital,
bz = family labor, and
bs = land.

a'l'he technology classes a~e defined by grouping farms producing corn
into classes according to production practices. See below for a detailed
explanation.

9Eat:h will be maximized in different problems. That is, we change the
behavioral assumption from profit to production maximization to see if it
affects the impact of INCORA credit.

¥While only three constraints are directlly used- in solving Model A,
a sub-set of constraints for resources requiring working capital is used
to determine resource use in the absence of INCORA lonas. Coincidentally,
this sub-set is used to develop the working capital constraint, rather

than determining it directly. The working capital comstraint (2) given as:

12

z SX. $b.', b :
o1 .1.7 ; < 1'e =8 also be defined by
12 11 * 11

.be.......... 6).
:)’-lh-lah" ©

That is, working capital is expended for the purchase of specific
inputs. Consequently, from the farm budgets, a sub-set of constraints

for the A=11 inputs requiring working capital can be defined as follows:

Xt A e e ety K Shy

Xy Kt e sty Ky Shy
NN

- . . . - . > - . . . . - - -

0%t 2%t - g% Sy

where the XJ. are defined as ai:ove, a3 is input k per hectare of corn
produced in technology level j, where the input h is a specific input
requiring woraing capital, and the bh are the amounts of working capital
available in the absence of INCORA credit for the purchase of each inmput.
For example, if h=l is fertilizer, then a5, is the amount of fertilizer
Tequired per hectare of corn produced in technology level 1, etc., and bl
is the total amount of working capital available for fertilizer.

However, this sct should not be used in solving Model A since before

INCORA there was no tying of working capital to fertilizer or any other



input. Consequently, this set of equations must be collapsed into one
for working capital as follows:

S P T PR L TGP PP IRIRIR
,2% 0 et By eyt )
X, 8 (b1 +hyr ... bll) e e e e e e e 3,
R P B T I T IS PIC U )
where: an' = (‘11 tate. .t ‘11,1); etc.

Equation (9) is the constraint (2) on uorkiné capital, as it existed
before INCORA. In this case, farzers are free to allocate working capital
among resources requiring it as they wish. Once the program is solved,
the coefficients in sub-set (7) are used to determine, for the sample of
corn producers, amounts of various resources used (requiring working
capitsl) ia the absence of INCORA. This is the purpose for calculating
the sub-set (7) in Model A.

A critical assumption of Model A involves the definition of the
constraints on working capital (bh) in sub-set (7). The farm budgets
report the total amount spent on each of the 11 inputs requiring working
capital, and the anount that came from INCORA loans. The difference is
assumed to be the amount of working capital available in the absence of
INCORA. Such differences are calculated and summed over all farms for
each input within, and then across the various technology classes to define
the vector b,. The sum of the by = bl' is assumed to be the tatal amount
of working capital available for corn production in the absence of INCORA
loans. )

However, it is possible that the actual amount of working capital is
understated by this caluclation, yielding a lower limit constraint on

working capital. While the difference between INCORA loans and total

expendi tures may accurately reflect thc farmers provision of his own
working capital before INCORA, he likelx also had access to other credit,
although in smaller amounts than from INCORA. To the extent this is true,
Profits and production using bl' as the constraint on working capital will
be understated, and the difference between the current situation and the
results of Model A, overestimated.lo

Consequently, another more liberal constraint for working capital
is developed based on the following rationale. It is assumed that every
fanily in the sample had, in addition to his own working capital, a sub-
sistence loan of $2,000 pesos from Caja Agraria.ll This is distributed
to corn productior in proportion to corn land to total crop and pasture
land (17.47%) in the sample, or $349.55. When mltiplied by the number
in the sample this yields an amount to be added to the lower limit

constraint bl'. This upper limit constraint on working capital is

designated bl".lz

This constraint (bl") leads to relatively greater levels of
profit and production (than bl'), and thus to more conservative estimates

of the impact of INCORA on profits and production.13

loThat is, the impact of INCORA loans will tend to be overesiimated.

11His own working capital is as defined above; i.e., the difference
between total expenditure on inputs requiring working capital, and that
provided by INCORA loans for working capital. Also, all monetary units in
this report are in pesos unless specificaily noted.

12The amount to be added could be overstated for several reasons.
First, Caja Agraria credit may go for consumption. Second, not 211 farms
producing corn might get such credit. At the same time, it may be under-
stated because other sources of ~-edit may exist besides Caja Agraria.
There is no way to assess the weight of these two effects.

13He can indicate that the upper limit estimate of working capital
(b,") likely leads to lower limit estimates of the impact of INCORA pro-
grims on profits, etc. If producers are not profit maximizers then
differentials between the current and simulated situations would be even



the constraints on family labor (bz) and land (bs) are defined as the
total amount of family labor (land) reported used in the production of
corn. The rationale for using these constraints is as follows:

While family labor (land) devoted to other crops might be switched

to corn under favorable price relations, we are only concerned

with the profit and production maximizing combinations of tech-
nologies for producing corn. Interrel tionships with other

crops are not considersd. Consequently, an assumption of the

wmodel is the zzount of “amily labor (land) currently used in

corn productiou is the save in the absence of INCORA credit.

Also the model assumes thai all land, and family labor can be
used in any of the technoloyvy classes.

Another assumption of the midel is that the 37 and 3, are the same
for a technology class before and after INCORA credit for working capital
is widely used in that class. That is, it is assumed that the technical
coefficients are not influenced by tying INCORA loans to the purchase of
certain inputs. This may be true for technical coefficients on family
labor and land. However, it is likely that farm budgets for corn producers
in each technology class before INCORA would yield smaller technical

coefficients for inputs requiring working capital.

wider. Also, if the total for working capital is overstated, then the
differential would also be wider. However, if the total for working capital
is understated, the differential would be nar -awer. Thus, only to the extent
the latter effect is dominant, would estimates of INCORA's impact under

the upper limit constraint on working capital not be lower limit.

We need to assume profit maximization, in order to suggest the lower
limit estimate of working capital (b,') leads to upper limit estimates of
the impact of INCORA. (If farmers a}e not profit maximizers, profits would
be even lower than our simulated results, leading to even wider differentials
than we es=imated.) However, it is unlikely that farmers had less resources
for working capital than under our lower limit estimates of working capital.
If they had more, profit levels would rise, and the impact of INCORA would
be loss than our estimate. Thus, our more liberal astimate of the impact of
INCORA is protably on wpper limit estimatc, if farwers ave profit maximizers.

This is trus to the extent INCURA loans ‘are tied to the purchase of
specific inputs. Since the loans are highly subsidized, prices of factors
tied to loans will also be, and farmers in a technology class will use
more of the subsidized factor than in the absence of INCORA loans when
higher market prices would have to be paid for factors. Thus, technical
coefficients on factors purchased with INCORA loan proceeds, are likely
greater for each technology class, than for technical coefficients for
corresponding technology classes before the institution of INCORA loans.
To this extent, factor use as dgtermined by the linear program solution
and the set of ahj is likely to be overst;ted, and the impact of INCORA
on factor use, understated. The effect on profits and production is not
so easily rationalized, since there is no way to assess the impact of
overstated 8,5 o0 yields or profits.

The linear program is solved under two behavioral assump.ions. In

the first, it is assumed that the small farmer attempts to maximize profits.

In this case, profits are defined as the difference between the payments

to all i s-af production, including_fgmily labor, and gross

returns. Thus, profit is the return to all fixed factors and land. It

—,

is hypothesized that farmers act on this measure of profit, since they

are in a short run horizon, i.e., they will remain in production as long

as there is any return to the fixed factor.14 Also, we are concerned about
the impact on small farmers of the INCORA loans for working capital

rather than for capital goods, and so profits are the return to the fixed

factors. We also solve the program assuming small farmers maximize

l‘l.n.nd likely does not enter the calculus since it is apparently
free to the farmer. Also, it is probable that family labor does not cnter
the calculus. However, we cost the latter since it is a variable factor
of production.
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gweSuction. Such behavior msy characterize farmers producing under sub-

sistence conditions.

The model also assumes corn production can occur in a finite number

of technologies (12), but within QW

That is, an x% increase in an input always leads to some constant increase

in production within each technology class.

Substitution of factors can

occur in the model when two or more technologies are used to produce the

product.

The technology classes are defined by classifying small farmers in

the sample into subsets, depending on characteristics of their production

processes. Main characteristics considered in the classification were

capital intensity of land preparation, intensity of purchased inputs used,

snd intensity of laboz.

These characteristics are defined in Table 1.

Tablo 1. Production Characteristics for Defining Technology Classes.

Capital Intensity Intensity of
of Purchased Labor
Land Preparation Inputs? Intensity
1. Hechanized 1. Null 1. Extensive =
1-9 men days
2. Animal 2. Extensive = 2. Moderate =
1-100 pesos 10-29 man days
3. Husan 3. Moderate = 3. Intensive =
101-3C0 pesos 30-49 man days
4. Intensive = 4. Very Intensive =

301 or more pesos

50 or more man days

%Refers to fertilizers, herbicides and pesticides, exclusively.
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If farmers lack sufficient resources to reach the point of maximum

profits, they will maximize production subject to the constraint. As it
turns out, profits will also be maximized (or losses minimized) at this
point. Thus, the solutions to the two programs may be identical.

Based on these characteristics, the 12 technolégy classes in Table
2 were defined. Note that 3 x 4 x 4 = 48 production classes of farms
can be defined from Table 1. However, this degr:e of disaggregation was
not feasible due to paucity of observations in some of the subclasses.
Such subclasses were aggregated so that in some cases, labor intensity
was not a factor in defining the technology class (e.g., technologies
xl through xs), or the degree of intensity of labor or purchased inputs
was reduced from four classes to two (e.g., technologzy x4 and/or xm).

Table 2. Charecteristics Defining 12 Technology Classes.?

Capital Intensity

Techinology of Purchased Labor Nusber of
Level Land Preparation Inputs Intensity Observations
Xl Mechanized Null &
Extensive All 57
x2 Mechanized Moderate All '93
xs Mechcnized Intensive All 42
X Animal Null §
4 Extensive All @
Xs . Animal Moderste §&
Intensive  All G
X Husan Null Extensive 164
6 ———
X Human Null Modlerate 7 296
X Humen Null Intensive \@1\/
xg Human Null Very Intensive 91
"0 Human Extensive Extensive §
4 Moderate 131
xn Human Extensive Intensive §
Very Intensive 124
x12 Human Moderate §
: Intensive All 61
1229

%Seo Appendix A for a brief discussion of how technology classes tend to
be concentrated in certain regions.



Model B.1 (current situation
HE restrict use 0 wWork-

ing cspital)
Model B.1 is specified as follows:
12 (0
lhxt-JElcij...............
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Subject to : I s <
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¥ b
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J’-:l ‘12;"35"12 Feamily labor (12)

12
Jfl‘lexJSblz"' land . . . . . . . . as)

"‘""J"‘j"ﬁ-"‘"biz" e e e e e e e e e (14)

In this model, 7, cJ., aij' and XJ. are defined as in Model A and are
identical to those in Model A. The set (11) is the same as set (7) but is
. used explicitly in Model B.1 in place of the one constraint on working
capital. Equation (12) is the same as (3); and equation (13) as (4). The
constraints (bi' tal,...,13) however, are different. They are total expendi -
tures for resources including INCORA loans. This mde;lexplicitly assumes
must be used

that the total amount available for working capital .12 bi

i=]
among the 11 factors requiring working capital in the proportions

b b

1, 2_; etc. The model is solved under the profit
11 11
I b, b,
2=l Fgm t

maximizing assumption. Finally the model assumes production is linear and

substitution occurs only if two or more technologies are u.letl.l6

The solution to this program may yield greater profits, and production,
and a different pattern o_f factor use, than the current situation. This
would imply that even under the restriction on how working capital can
be used, and given other resource constraints, that reorganization
of production, in different techniques, could increase profits, etc.
dowever, the model assumes perfect knowledge, perfect mobility of factors,
mw::-nd oth.er factors of production. Differences
between the current situation, and the solution of the mcdel may be
explained in terms of imperfect knowledge on the part of farmers, immobility
of resources, and heterogeneous factors of px-oduct:i.cm.17 Thus, such
increases are likely not attzinable.

Model B.2 (current situation with

no restriction on working capital)

Model B.2 is specified just as Model B.1, except the set (11) is

collapsed into a single constraint on working capital.

This is done in the same way as it was in Model A, by summing over

the columns of set (11) for each J such that:

(Byyt oy tag s vay IX ¢ (a, +ay .
i RSP 2 IR CUPPIL G PP
‘3,12"'"‘11,12”12"’1"’2"’3""
+bu................(15)

T

16Otlmr assumptions that applied to Model A do not apply here. These

include the assumption about the definition b; and by of Model A, and about
the equality of the 8pj and a;- in the past and present in that Model.

17For example, it is likely that land is not homogeneous as we
assumed. That is, part of the land may not be usable in certain technologies.
To the extent this is true, the increase implied in the model, is not
attainable.
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The constraint LI {El b;, is the total amount of working capital
svailsble, including INCORA loans. Except for restricted use of working
capital the model is identical to B.1, and is estimated under identical
assumptions and conditions.

The solution to Model B.2 is compared to Hodél B.1, and the differences
are attributed to permitting working capital to be freely allocated according
to efficlency criteria. That is, the difference between the current situa-
tion and Model B.2, is composed of two parts; the first is that due to
persitting production to be reallocated among technologies (that is, due
to violation of assumptions of the model) with working capital restricted
to be used in a certain way. The second part is that due to unrestricting
the working capital.

Model B.1 measures only the former, while Model B.2 measures both.
Thus, the difference between these two models measures the latter. This
. diffomce may be interpreted as losses in profits and productior, and
distortions in resrivee use caused by INCORA's policy of tying working

capital to specific resources.

DATA

Farm budgets for INCORA borrowers for each of the technology classes
are used to cz'alculate input coefficients, objective function coefficients
and constraints for Models A and B.'® A1l input coefficients, »d cbjec-
tive function coefficients used to solve Model A, are also used to solve
Models B.1, and B.2. The only difference between such models is the size
of ths constraints. Of course, all data represent averages for the
samples of farmers in each technology class. Further, in all models the
X 5 are defined in terms of hectares of comn.

As an illustration, consider technology class xs with 33 farms (see
Appendix Table B.1). The aia' for the family labor, and land in technology
class § (325 and ass) are simply the average amount paid to family labor
(used in corn production) at the prevailing wage per hectare of corn =
3126.90.’ and the amount of land in corn production per hectare of land
in corn production = 1, since the XJ- are defined in hectares of corn.

The technical coefficients on resources requiring working capital
(‘hs = a5 through 311,5) are used directly in Model B.1 or are used to
define als' the working capital coefficient for technology class 5 in

19

Models A and B.2. In Model B.2, for exawmple, (Appendix Table B.1), the

wnata for each of the technology classes used to solve Models A and B
are included in Appendix Table B.1. Additional data on constraints neces-
sary for solving Models B.1, and B.2, are presented in Appendix Table B.2.

19A11 data used are taken from farm budgets without modification except
for seeds. In this case, it was felt value of seeds used per hectare in the
budgets were substantially underreported. Consequently, the actual value
of seeds required per hectare for that technology class as determined from
independent surveys was used instead.
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"—3;;': .11 Tows are factors requiring working capital. The sum of rows 1
through 11 for columm 5 is 85" = $1003.98 (the x.chnical coefficient for
working capital). The average profit coefficient (cg = $940.21 for
technology class 5) is qlwhted by subtracting the sum of 315' and a5
(family labor) = $1130.88 (average cost of variable factors per hectare)
from the average value of production per hectare = $2071.09. Mhen maximiz-
ing production, the latter becomes the objective function coefficient,

5.
. Finally, farm budgets report both the toral value of expenditures, and
{f the value of loans for each input requiring working capital. The working

| capital constraints for Model A are developed as follows: within technology

class 5, the difference between total expenditures for such an input

(e.g., fertilizer) and the amount of INCORA loans for fertilizer, is

calculated. When summed over all technology classes this yields b1 =

$174,583 of the set bh' h=1, ..., l;_;{;_he amount of working capital in the
absence ?f INCORA loans, used for fersiliser. By summing over bh’ h=l,

eeey 11; the lower limit amoumt of working capital bl' = $2,036,900 is

doterxined. The upper limit smount bl" is determined by adding the share

of Csja Agraria loans likely devoted to corn production ($372,267) to
20
1 ]
\or
The constraint for each resource requiring working capital in Model
B.1 is sirply the sum over all technology classes of the totai uvxpenditure
in each clasz for a resource (e.g., fertilizer). When summed over all

Tesources, this yields the working capital constraint for Model B.2.

2°'me amount to be added to b,' is the share of a $2,000 Caja Agraria
loan to each pruducer devoted to production. This is determined as
the share of corn land in total crop and pasture land or 17.47% equal to
$344.55 per producer. This, times the nurber of producers (1065) yields
$372,267. The number of producers is reduced from 1229 to 1065 since
technology class 6 is dropped from the model due to inadequate data.
(See below).

12

The constraints on family labor and land are the same in all models, and
are simply the total amount of family labor or land reported used in corn
production.

Similar calculations as described above for technology class 5 are
done for the other technology classes. Due to unreliable data on cost
of factors of production for farms in technology class 6, this class
was dropped from the model in the actual calculations. Thus, Iar the
objective function and constrajnts, j-1,2,3,4,5,7,...,12.



\lo

A/"\J"' ~ !

RESULTS OF THE ANALYSIS

This section presents the results of the analysis. First, the impact
of INCORA loans for working capital on factor use, profits, production,.'
and technology for the sample of borrowers, is set forth by comparing the
Tesults -of Model A with the current situation. Then, the effect of
INCORA's restrictive policy tying loans to specific factors on efficiency
of resource allocation among borrowers producing corn is presented by

comparing the results of Model B.2 with those of B.l.

Impact of INCORA loans on
profits, production, factor
use and technology

The results of solving Model A (absence of INCORA) are presented in
Table 3, along with current levels of factor use, profits, and production
for all technology classes.21 Column 2 of Table 3 is the result cZ solving
Model A when the working capital constraint is defined as the lower limit
of working capital available in the sbsence of INCORA loans (32,036,906).22
In this solution, all production takes place in technology level 7 with

working capital as a binding constraint, but with excess land and family

labor. Technology level 7 is characterized by hand preparation of land,

¢ ;" with only moderate (10-29 man days) labor intensity, and no purchased
P e R il ~ . o

~
———— e

inputs. Also, the profit and production maximization models were identical.

2lThe current levels of factor use, profits, and production by
technology class are presented in Appendix Table B.3. Recall that
technology class X was dropped from the analysis due to poor data.

zz'mi.s lower limit constraint was defined as the difference between
the total expended on resources requiring working capital, and the amount
loaned by INCORA to purchase such factors, for the sample.

Table 3. Current Levels of Factor Use, Profits, and Production Compared to
the Results of Solving Model A (Absence of INCORA) for Lower and
Upper Limits of Working Capital

Model A-Upper Limit®

Model A a 3
Current Lower Limit® Profit Max" Production Max®
FACTOR USE (Current pesos except land)
¥orking Capital: 3,790,913, 2,036,906 2,409,173 2,409,173
Seeds 241,036 163,026 193,908 183,660
Fertilizers 121,408 0 64,095 0
Pesticides 173,478 0 15,783 ]
Rentalsd 398,618 (] 51,099 (]
Packing 319,973 198,579 222,665 212,949
Transportation 331,166 318,425 341,867 332,009 : /
Irrigation 1,950 0 454 o V¥ ng
Fuels 2,877 .0 0 0. & .
Labor 2,158,203 1,348,384 1,506,657 1,670,111 < ng
Gther 1 22,720 1,681 5,695 1,958 -
GCther 2 19,478 6,809 6,951 6,465 ]
Family Labor 467,369 331,569 380,164 389,585
Land (hectares) 4,728 4,309 4,728 4,728
PROFITS 3,150,912 2,439,323 2,799,001 2,797,514
PRODUCTION 7,405,189 4,807,798 5,588,337 5,596,272

She lower limit estimate of working capital is the differenc between total
expenditures for inputs requiring working capital and INCORA loans to
purchase those inptus, summed over all inputs and farms in the sample.

bThe upper limit constraint includes working capital as defined in the

lower limit constraint, plus the share of a Caja Agraria loan of $2,000
devoted to corn production. See the conceptual model (pages 14 and 23)
for detail.

“When Model A was solved with the lower limit constraint, the profit and
production maximization models were identical. With the addition of a
small amount of working capital, they are slightly diffcrent.

dRentals of machinery and animals.



Data in columns 3 and 4 of Table 3 are the solution of Model A when
the working capital constraint is the upper limit of working capital
svailsblc in the absence of INCORA loans ($2,409,173).23 In this case,
the profit and production maximization models give slightly different
Tesults. In the profit maximization model production takes place in
technologies S and 7, with 329 hectares of corn produced in level 5, and
4,39 in level 7. (Technology level 5 1s characterized by use of animal
power in land preparation, moderate through intensive use of purchased
inputs, and extensive through very intensive labor use.)

In the production maximization mde{, 4,092 hectares of corn were
produced in technology level 7, and 636 hectares in level 8. The latter
level differs from the former only in the intensity of labor use; it is
intensive utilizing 30-49 man days of labor.2?

Shadow prices.--In the upper limit variation of Model A as well as
the lower limit variation, working capital was a constraint to increased
profits and/or production. However, in the upper limit variation, land
was also' a constraint. The shadow prices for working capital are presented
in Table 4 for all variations of Model A. These resuits suggest that
increased working capital would have substantial impacts on profits and
production. For example if the lower limit constraint on working capital
was operative in the absence of INCORA loans, a 1 peso increase in working
capital would have increased profits (as defined) by $1.20, and the value

of production by $2.36. If the upper limit constraint on working capital

23“l‘he additional $372,267 available for working capital over and
above the lower limit ccastraint defined in footnote 22, is the share
of a Caja Agraria loan of $2,000 devoted to corn production and acsumed
given to every borrower in the sample. See pages 14 and 23 for mo;t;e\detaii.

24'l'he solution of Model A with the upper limit constraint on working
capital is presented in Appendix Table B.4.

Table 4. Shadow Prices on ¥orking Capital

(Current Pesos)

Lower Limit Upper Limit
Profit Maximization 1.20 .70
Production Maximization 2.3 1.84

were the effective one, a 1 peso increase in working capital would have
increased profits by $.70, and production by $1.84.

The shadow price on working capital in the profit objective function
may be interpreted as the gross rate of return on a marginal unit of
working capital. For example, the gross rate on 1 peso of working capital
in the lower limit model is 120%, and 70% in the upper limit mode1 .25
If the rate of interest required to add the wnit (peso) of working capital
is subtracted from the gross rate, we have the net rate of return on the
marginal unit of working capital.

The relatively large gross rate of return to working capital even
under the upper limit constraint, suggests that infusions of working
capital would increase profits and production. It also suggests that
working capital provided via the market was in short supply, and likely
carried a fairly high rate of interest. It is not surprising when INCORA
extended loans for working capital at what must have been highly subsidized

26

rates, that there was an excess of demand for such loans. Even after the

provision of INCORA credit it is likely that the shadow price on such

working capital remained fairly large.27

251113 lower shadow price or gross rate of return in the upper limit
model illustrates the law of diminishing returns to the factor of production,
working capital, as more units of it are added.

26e» Schwinden and Feaster, "The INCORA Supervised Credit Program,"p. 40.

27‘1‘his point is substantiated below.

Previous Page Blank



Impact on profits and production.--Data are presented in Table 5
on the impact of INCORA loans for working capital, on profi;s, production,
and factor use. Column 1 is the difference between the current situation,
and the results of Model A (absence of INCORK loans) based on tine lower
limit constraint on working capital and under both profit and production :
maximizing behavior (results are identical). This leads to a liberal
estimate of the impact of INCORA since less working capital means relatively i
lower profits, production, and factor use. Hence, the differential between
the current situation, and the results of Model A-lower limit is wider,
than if working capital were greater. Columns 2 and 3 are the difference
between the current situation and the results of Model A under the upper
limit constraint on working capital, leading to more consarvative estimates
of the impact of INCORA. Column 2 is the impact assuming corn producers
mximize profits, and Column 3 assuming they maximize production.

The provision of INCORA credit has had a substantial impact on profits,
production, and factor use. (There is little difference in the effect
of profit or production maximizing behavior on the conservative estimates
of the impact of INCORA on profits or production. However, factor use is
quite different.) The analysis indicates profits have increased by
approximately $350,000 to $712,000 for the sample of borrowers, depending
on whether INCORA increased available working capital by $1,381,740, or
$1,754,007. This is an increase in profits of 13% to 29%.

Note that the difference between the liberal and conservative estimates

of the impact of INCORA credit on profits, suggests a very high marginal

Table 5. Izpact of INCORA Loans on Factor Use, Profits, and Production,
or Difference Between Current Situation and Results of Model
A (Absence of INCORA) .
Conservative Estimteb
Liberal Estimate® Profit Max Production Max
(Current pesos except land)
FACTOR USE

INCORA Loans for

Norking Capital: 1,754,007 1,381,740 1,381,740
Seeds 78,010 47,128 57,376
Fertilizers 121,408 57,313 121,408
Pesticides 173,478 157,695 173,478
Rentals¢ 398,618 347,519 398,618
Packing 121,400 97,314 107,030
Transportation 12,741 -10,701 -2,863
Irrigation 1,950 1,496 1,950
Fuels 2,877 2,877 2,877
Labor 809,819 651,546 488,092
Other 1 21,039 17,025 20,762
Other 2 12,669 12,527 13,013

Family Labor 135,800 87,205 77,784

Land (hectares) 419 c [1]

PROFITS 711,589 351,911 353,398
PRODUCTION 2,601,391 1,820,852 1,812,917

product or rate of return for initial loans. That is, inéreasing credit
for working capital by $372,217 from $2,036,906 to $2,409,173 (Table 3),

increases profits by $359,678, or almost by 1 peso for every peso of

%The difference between the current situation and the results of solving
Model A, using the lower limit estimate on working capital. Colum 1 -
Column 2 of Table 3.

bThe difference between the current situation and tke results of solving
Model A, using the upper limit estimate of working capital. Colum 1 -
Column 3 of Table 3 for profit maximization case, and Column 1 - Column 4
for production maximization case.

“Rextals of machinery and animals.

Hereafter referred to in the following
tables as Rentals M § A.



working capital. ) Incre;sing working capital by $1,381,740 from $2,409,173
to the current level, increases profits by an additional $351,911 or by
only $.25 for each peso (sssuming profit maximization).

Infusion of INCORA credit for working capital increased production of
corn by $1,821,000 to $2,601,391 or by 33% to 54%, depending on whether
upper or lower limit estimates of working capital were used in the Model
A. Once again, initial loans have a much greater marginal impact )
on productionm, th as they did on profit. Increasing working capital by
$372,267 from the lower limit, increases production by $780,534 or by 2
pesos for every one of working capital. Going from the upper limit level
on working capital to the current level (by $1,381,740), increases produc-
tion by $1,820,852, or by only 1.3 pesos per peso of working capital.

Impact on factor use.--Factor use has changes substantially due to

INCORA loans for working capital. This is illustrated in Table 6 where the
distribution of factors requiring working capital are presented for the
current situation and the results of solving Model A. (Recall that the
solutions to Model A represent patterns of factor use under various assump-
tions alcut the level of t'torking capital in the absence of INCORA loans
for working capital.)

The most not.ole divergence between the simulated and current patterns
of factor use is the greatly increased share of working capital devoted to
fertilizers » pesticides, and rentals of machinery and animals. There are
also increases in the share of working capital for irrigation, fusls,
other 1, and other 2. At the same time, there is a rather sizeable decrease
in the share of working capital devoted to transportation, and to a lesser
extent, to labor. Thus, a major impact of INCORA loans has been to cause

use of fertilizer and pesticides and rentals of machinery and animals in
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Table 6. Distribution of Factors Requiring Working Capital Under Current
Situation as Compared to the Results of Model A {(Absence of
INCORA) .
Model A Model A-Upper Limit
Current Lower Limit Profit Max Production Max
Working Anount® 3,790,913 2,036,906 2,409,173 2,409,173
Capital J Share 100% 100% 100% 100%
Seeds 6.4 8.0 8.0 7.8
Fertilizer 3.2 0 2.7 (1]
Pesticides 4.6 0 .7 [}
Rentals M § A 10.5 0 2.1 0
Packing 8.4 9.7 9.2 8.8
Transportation 8.7 15.6 14.2 13.9
Irrigation .1 [} 0 0
Fuels .1 0 0 0
Labor 56.9 66.2 62.5 65.3
Cther 1 .6 .1 2 .1
Other 2 .5 .3 .2 .3

%current pesos.
Source: Table 3.

corn production to increase from very close to zero in the absence of
INCORA loans, to over 18% of working capital after the extension of such
loans. ’

The decline in the share of labor as a proportion of total working
capital is not a cause for serious concern. Recall the level of working
capital is substantially greater in the current as compared to the simulated
situation (by $1,381,740 or $1,754,007 depending on the assumption). The
decline in the share of labor as working capital increases only suggests
the rate of growth in working capital is greater than that of labor use,
not that labor use declines absolutely. Similarly, the increase in ferti-
lizers, pesticides, and rentals is greater than that of working cepital,

so that their share increases.



This is illustrated in Table 7 where percentage increases in factors
Tequiring working capitel are presented for the liberal and conservative
estimates of the impact of INCORA. For example, in the liberal estimate?d
working capital increascs by 86 percent (from $2,036,906 to $3,790,913).
However, use of hired labor increases by only 60% (from $1,348,384 to
$2,158,203). Thus, the shars of labor declines from 66.2% to 56.9% of

total working capital.

Table 7. Percentage Increase in Use of Factors Requiring Working Capital
for Liberal and Conservative Estimates of INCORA's Impact.
. *_Conservative Estimate®
Liberal F_stimteb Profit Max Production Max
Working Cspital: 86% . 57% 57%
Seeds 48 24% 31%
Fexrtilizer [ 8 89% a
Pesticides 3 999% 3
Rentals M § A a 680% '
Packing 61% 443 50%
Transportation 4% -3% -1%
Irrigation a 330% s
Fuels * a a a
Labor 60% 43% 29%
Other 1 1252% 299% 1060%
Other 2 186% 180% 201%

%he base is zero (Table 3), so no percentag? increase can be calculated.
l;'1'ho liberal estimate refers to the difference between the current situation
and the result of solving Model A (absence of INCORA) with the lower limit
constraint on working capital. For mxample, use of seeds increased 48%
between production characterized in the results of Model A-lower limit,

and the current situation.

“The conservative estimate refers to the difference between the current
situation and the results of Model A (absence of INCORA) with the upper
limit constraint on working capital.

Source: Tables 3 and 5.

28'l'ho liberal estimate of the impact of INCORA has been defined as the
difference between the current situation and the results of solving Model
A (absence of INCORA) with the lower limit constraint on working capital.
That is, when working capital is lower limit, profits, etc., will be

Data on how the increase in working capital mzde available through
INCORA loans is distributed among factors requiring worxing capital 1s
presented in Table 8 for liberal and conservative estimate.. of INCORA's
impact. The major proportion of INCORA loans are expended for labor even
though tha share of labor in total working capital declines. In fact, the

share of INCORA loans going to labor are greater than the share going to

Table 8. Percentage Distribution of INCORA Working Capital Loans Awmong

Factors Requiring Working Capital by Liberal and Conservative
Estimates.

Conservative Estimats®

Liberal Estimate® ° Profit Max Production Max

INCORA Loan for

Working Capital: 100% 100% 100%
Seeds 4 4 4
Fertilizer 7 S 9
Pesticides 10 11 12
Rentals M § A 23 25 29
Packing 7 7 8
Transportation 1 -1 0
Irrigation 0 0 0
Fuels 0 0 0
Labor * 46 47 35
Other 1 1 1 2
Other 2 1 1 1

35ee notes b and c, Table 7.
Source: Table 5.

fertilizers, pesticides, and rentals combined, for the profit maximizing
cases of both estizates. The use of labor in the resuits for Model A is
S0 large that even though its use grows more slowly than use of modern

inputs as INCORA loans are made, the largest proportion of the INCORA loans
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smaller than if working capital were upper limit. Thus, the difference
between Model A-lower limit, and the current situation is greater (more
liberal) than between Model A-upper limit and the current situation.



@se spest on labor. The data suggest that of all factors, only transporta-
tion might be expected to decline, as working capital increases.

Note the pattern of use of INCORA loans for factors is much different
in the production maximization model than the profit maximization for the
conservative estimate. Huch less of the loan is devoted to labor, while
more is devoted to fertilizers, pesticidas and rentals. If corn producers
are production maximizers, labor use is not increased by supervised credit
as much as if they were profit maximizers. (It is important to note that
the level of profits is almost as great in the production maximum as the
profit maximization model.)

In summary, increases in working capital via INCORA loans, increases
use of all factors of production, with the possible axception of transporta-
tion. Use of modern factors; e.g., fertilizers, pesticides and machinery
and animal rentals increases much more rapidly than increases in working
capital. As a result, they go from insignificant levels of working capital
in the absence of INCORA loans, to over 18% of current working capital
(Table 6), and account for over 40% of the increase in working capital,
i.e., the INOORA loans (Table 8).

Although the share of labor in total working capital declines as INCORA
loans are made, the absolute amount of labor used increases substantially.
In fact, hired labor still requires 57% of the amount of current working
capital (Table 6), and 35-47% of INCORA loan proceeds were used to hire
labor depending on the assumptions (Table 8). This refiects both the
large amount of hired labor used in the absence of INCORA loans, and the
fairly rapid increases in demand for labor to implement use of modern
inputs as INCORA loans are made.

Impact on technology.--The impact of INCORA loans on the level of

technology will be illustrated by using only the results of Model A (absence

of INCORA) with working capital at the lower limit. In thst prograa of

the absence of INCORA loans, 4309 hectares of land were used in technology
level 7 to produce $4,807,798 of corn, and profits of $2,439,323, or
production per hectare of $1,115.64 (Table 3, Column 2). However, with

the addition of $1,754,007 to working capital via an INCORA loan, all
technology classes were used. Production and profits increased to $7,409,189
and §3,150,912, rc:spet:tively.29 The actual levels of factor use and
hectares of land in corn production under current conditions are presented
in Appendix Table B.3 by technology class.

The total increase in profits, production and factor use are presented
in Table 5, Column 1. However, this is the aggregate effect of the INCORA
loan and masks some important shifts. Data are presented in Table 9 on
the amount of factors, profit, etc., that are produced in new technologies
(other than level 7) after the INCORA loans increased working capital by
$1,754,007 from the lower limit constraint. For example, there are 4,728
hectares’ of land in current use, with 1,521 of them in level 7. This means
there are 3,207 hectares of land using new technologies brought intec
existence (i.e., the technology levels) by the INCORA loans. Similar
interpretations hold for the difference for any row between total current,
and level 7 current. Note the large share of resources used in new tech-
nology levels, and the high proportion of profit and production earned in
the same new technologies.

Part of the resources used or profits and production earned in new
technologies have come from switching resources from technology level 7 to

new technologies, as INCORA loans became available. The difference between

29That is, the pattern of production after the INCORA loan is repre-
sented in the current situation.



Table 9. Factor Use, Profits, and Production in New Technologies and
Share of Total

Current

Table 10. Change in Factor Use, Profits and Production in Technology,
Level 7

Difference = New Share of U .
Total Level 7 'l"echnologiesa Total (%) Hode%l:;:gw;§aL1m1t Curren; Level ?;zgszzzgs
(Current pesos except land) (Carrent pesos except 1and)
FACTOR USE FACTOR USE
Working Capital: 3,790,913 718,793 3,072,120 81 Working Capital: 2,036,906 718,793 1,318,113
Seeds 241,036 57,530 183,506 76 Seeds 163,026 57,530 105,496
Fertilizers 121,408 (] 121,408 100 Fertilizers 0 0 0
Pesticides 173,478 ] 173,478 100 Pesticides 0 0 0
Rents, M § A 398,618 0 398,618 100 Rents, M § A 1] 1] 4]
Packing 319,979 70,072 249,907 78 Packing 198,579 70,072 128,507
Transportation 331,166 112,361 218,805 66 Transportation 318,425 112,361 206,064
Irrigation 1,950 0 1,950 100 Irrigation ] ] ]
Fuels 2,877 0 2,877 100 Fuels (] 0 ]
Labor 2,158,203 475,830 . 1,682,373 78 Labor 1,348,384 475,830 872,554
Other 1 22,720 600 22,120 97 Other 1 1,681 600 1,081
Other 2 19,478 2,400 17,078 88 Other 2 6,809 2,400 4,409
Fanily Labor 467,369 117,010 350,359 75 Family Labor 331,569 117,010 214,559
Land (hectares) 4,728 1,521 3,207 68 Land (hectares) 4,309 1,521 2,788
PROFITS 3,150,912 860,800 2,290,112 73 PROFITS 2,439,323 860,800 1,578,523
PRODUCTION 7,409,189 1,696,597 5,712,592 77 PRODUCTION 4,507,798 1,696,597 3,111,201

2This is the amount of factor used (profit, production) in all the technology
levels besides 7. For example, consider land. There were 4,728 has. in

use in all technology levels, 1,521 in level 7, for a net used in the new
technologies of 3,207. Note that 3,207 is composed of 2,788 has. (Table

10) that were formerly used in technology level 7 before INCORA credit,

and 419 has. of new land brought into production (Table 5).

the results of Model A (absence of INCORA loans) with the lower limit
constraint on working capital where all production was concentrated in
level 7, and the current level 7, is the change (decrease) in level 7
induced by the INCORA loan (Table 10).

For example, there were 4,309 hectares in corn production in level 7
in Model A-lower limit. However, in current le. I 7, there ‘are only 1,521
hectares of land in production, or 2,788 were switched to other technologies
for producing corn as INCORA loans were made. This, added to the 419

hectares of additional land brought into production (Table S5) yields the

81t will be recalled that all production was concentrated in Level 7 in
the simulation.

total in new technologies, or 3,207 hectares (Table 9). Similarly, of the
$2,036,906 used in working capital, $718,793 is still used in leveil 7, but
$1.318,113 has been shifted to use in new teéhniques. This, added to the
additional amount made available by INCORA, $1,754,007 (Tzble S), is the
total amount of working capital available for use in new technologies
($3,072,120, Table 9).

Thus, increases in profits and production from new technologies are
due to both a) the increase in working capital from the INCORA loan; and
b) the shift in working capital (in existence before the INCORA loan) to

more modern techniques. However, it is important to recognize that it is



the provision of the loan that makes it profitable to shift resources
previously in use in less modern technologies into new techniques of

production.

Effect of INCORA loan policy on
e?’ﬂciency of resource allocation

Program of current situation with restricted use of working capital.--

The results of solving Model B.1 are presented in Table 11. This is the
linear program of the current situation (with INCORA loans) under the
behavioral assumption of profit maximization, and assuming working capital
is restricted to be used among the 11 factors requiring it as revealed in
the data. Production takes place in this solution in technology levels 2,
4,5, 7, and 8, with the majority in levels 7 and 8.

The difference between the current situation and the results of
Model B.1 (restricted working capital) is presented in Table 12. Profits
are increased by $299,025 or 9.5%, and production increased slightly.
However.. of available working capital ($3,709,913) only $3,524,246 is used,
leaving $266,667 as slack. Also, family labor is not all used up.

Thus, increases in profits and production can occur using fewer
resources, if production were in the technology levels in the prograa
solution rather than the current pattern. However, it is unlikely that
such shifts will occur due to immobility and heterogeneity of resources, and
imperfect knowledge. For example, the model assumes Tesources are completely
mobile. Since technology levels tend to be concentrated in specific
regions of the country, resources may have to be moved physically from one
location to another to produce in the technology classes suggested in

the program. Such mobility may not be possible for a variety of reasons.



‘able 11. Results of Programming Current Situation with Working Capital Restricted to be Used for
Certain Inputs (Model B.1)

Level 2 Level 4 Level 5 Level 7 Level 8 Total
(Current pesos except land)

‘ACTOR USE
Working Capital: 743,127 253,547 365,409 940,660 1,221,495 3,524,246
Seeds 47,024 11,298 30,449 75,287 74,211 238,269
Fertilizers 45,714 4,702 70,990 0 0 121,408
Pesticides 50,901 1,974 17,481 0 0 70,359
Rents, A& M 227,350 57,455 56,596 0 0 341,404
Packing 57,981 21,884 22,103 91,706 62,720 256,394
Transportation 24,384 28,352 18,631 147,051 81,453 299,873
Irrigation 0 1,448 502 0 0 1,950
Fuels 2,877 0 0 0 0 2,877
Labor 263,610 125,565 144,248 622,694 1,002,179 2,158,302
Other 1 12,039 867 4,408 776 932 19,021
Other 2 11,245 0 0 3,144 0 14,390
Family Labor 45,501 25,442 46,187 - 153,121 192,197 462,4{.9
Land (hectares) 469 242 364 1,990 1,635 4,728
ROFITS 556,322 187,361 342,199 1,126,499 1,237,547 3,449,937

RODUCTION 1,344,946 466,108 753,794 2,220,280 2,651,239 7,436,385




Table 12. Current Situation Compared to Results of Model B.1 (Restricted
Working Capital)

Current Hodel B.1 Differences®
(Current pesos except land)
FACTOR USE
Working Capital: 3,790,913 3,524,246 ~266,667
Seeds 241,036 238,269 ~2,767
Fertilizers 121,408 121,408 0
Pesticides 173,478 70,359 -103,119
Rentals M § A 398,618 341,404 -57,214
Packing 319,979 256,394 -63,585
Transportation 331,166 299,873 -31,293
Irrigation 1,950 1,950 0
Fuels 2,877 2,877 0
Labor 2,158,203 2,158,302 0
Other 1 22,720 19,021 -3,699
Other 2 19,478 14,390 -5,088
Family Labor 467,369 462,450 -4,919
Land (hectares) 4,728 ) 4,728 -—-
PROFITS 3,150,912 3,449,937 +299,025
PRODUCTION 7,409,189 7,436,386 27,197

‘Using current as the base, the difference is Model B.1l less current.

if ‘knowledge of available techniques is not perfect, some farmers will
fail to adopt optimal production practices, and imperfect knowledge of
product and factor prices will have the same effect. Finally, if resources
are not homogeneous production or profits cannot reach the level implied
in the program. The model assumes land is homogeneous and that any technique
can be used. If physical or locational characteristics of land dictate
otherwise, profits and production suggested in the program cannot be reached.

Thus, the difference between the current situation and Model B.1
represents increases in profits and production that would occur if resources
were perfectly mobile and homogeneous, and knowledge perfect. The fact

that profits only increase by 9.5% in the program over the current situation

suggests that corn production is quite efficiently orgmnized in the coumtry,
given the restrictions on how working capital can be used, as imposed by
INCORA.:"0

Program of current situation with unrestricted use of working capital.--

The results of programming the current situation, under profit maximization,
but with the restrictive assumption sbout working capital dropped (Model
B.2), are presented in Table 13. This model explicitly assumes working
capital can be used for any resources requiring working capital. In this
case, all production is concentrated in technology levels 2, 5, and 7, with
the majority in level 5. .

The difference between the currcnt situation and Model B.2 are presented
in Table 14, This difference is duc to both: (a) assuming all resources
are homogeneous and perfectly mobile, and knowledge is perfect; and (b)
assuming that working capital is not required to be used for certain
resources, but can be allocated to its most efficient use. In this case,
since al] resources are used in both the current and programmed models,
but resource use is not increased, increases in production are equal to
increases in profits.

Inefficient resource use due to restrictive loan policy.--Model B.1

measures only the increase in profits, etc., due to having perfect factor
mobility and homogeneity, and perfect knowledge while working capital is
restricted to be used in a specific way, and Model B.2 measures the
additional effect of permitting working capital to be freely allocated.

Consequently, the difference between Model B.2 and Model B.1 may be

‘wl'his result supports Schultz's hypothesis that resources in traditional
agriculture tend to be efficiently organized. That is, for our country-
wide sample very little increase in profits on production could be cbtained
by reallocating resources. See Schultz, Transforming Traditional Agriculture.
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Table 13. Results of Programming Current Situation with Unrestricted

Working Capital (Model B.2)

Level 2 Level 5 Level 7 Total
(Current pesos except land)
FACTOR USE
Working Capital: 783,967 1,975,838 1,080,108 3,790,913
Seeds 49,608 160,560 86,448 296,616
Fertilizers 48,226 374,340 0 422,566
Pesticides 53,700 92,179 0 145,879
Rentals M § A 239,845 298,436 0 538,281
Packing 61,167 116,553 105,301 283,021
Transportation 25,725 98,243 168,851 292,820
Irrigation 0 2,649 0 2,649
i .Fuels 3,035 0 0 3,035
Nl e Labor 278,097 760,637 715,007 1,753,741
Fos o fs Other 1 12,700 23,241 891 36,833
w\, Other 2 11,861 0 3,610 15,474
} - Family Labor 48,001 243,546 175,820 467,369
.Land (hectares) 523 1,919 2,285 4,728
PROFITS 586,896 1,804,451 1,293,498 3,684,844
PRODUCTION 1,418,859 3,974,836 2,549,427 7,943,121
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Table 14. Current Situation Compared to Results of Model B.2 (Umrestricted
Working' Capitdl)

Table 15. Impact of INCORA Policy of Tying Warking Capital to Resources,
on Profits, Production, and Factor Use

Current MoZei B.2% Differenceb % Change Model B.2 Model B.1
Current S t 1and Unrestricted Use Restricted Use of
¢ pesos excep ) of Working Capital Working Capital Difference
FACTOR USE
3.790.91 3.790.913 0 (Current pesos except land)
Working Capital: ,790,913 ,790,9 - E R USE
Seeds 241,036 296,616 55,580 23 .
Fertilizers 121:408 422,566 301:158 248 lorking Capnal: 3,790,913 3,52‘.246 266,667
Pesticides 173,478 145,879 -27,599 -16 Seeds 296,616 238,269 58,347
Rentals, M & A 398,618 538,281 139,663 35 Fertilizers 422,566 121,408 301,158
Packing 319,979 283,021 -36,958 -12 Pesticides 145,879 70,359 75,520
Transportation 331,166 292,820 -38,346 -12 Rentals, 538,281 . 341,404 196,877
Irrigation 1,950 2,649 699 36 Packing 283,021 256,394 26,627
Fuels 2,877 3,035 158 S Transportation 292,820 299,873 -7,053
Labor 2,158,203 1,753,741 -404,462 -19 Irrigation 2,649 1,950 699
Other 1 22,720 36,833 14,113 62 Fuels 3,035 2.877 158
Other 2 19,478 15,474 -4,004 -21 Labor 1,753,741 2,158,203 -404,462
Other 1 36,833 19,021 17,812
4 -
Fanily Labor “:’369 6:'369 g Other 2 15.474 14,390 1,084
Land (hectares) »728 ':23 53;'933 1 Family Labor 467,369 462,450 4,919
PROFITS 3,150,912 3,684,845 .93 ! Land (hectares) 4,728 .72 .
PRODUCTION 7,409,189 7,943,121 533,933 PROFITS 3,684,845 3,449 957 234,908
%11 production is in technologies 2, § and 7. PRODUCTION 7,943,121 7,436,386 506,735

bUsi.ﬂg current as the base, the difference is Model B.2 less current.

interpreted as the effect of INCORA's restrictive loan policy on profits,
production, and use of resources.

These differences are presented in Table 15. This comparison suggests
that profits would be greater than the current situation by $234,908 (7.5%),
and production by $506,735 (6.8%), if INCORA would have not restricted
lé;ns for working capital to use of certain resources.

Although there is apparently a substantial change in resource use,
this is more difficult to document. First, in Model B.1, under the tying
of working capital to specific resources, less working capital was used

than in the current situation. In Model B.2, with no restriction on

working capital, all available working capital was used. This implies
that freeing working capital so that it can be allocated to its most efficient
use increases the level of working capital in use.

However, in the current situation, all working capital available is
used up. In this situation, freeing working capital from use for specific
factors would not increase the total amount available. The impact on
resource use will be somewhat different than revealed in our model because
of this. That is, our model measures, for Testricted and unrestricted
use of working capital, differences between profits, production, and factor
use when ali factors are homogeneous, mobile, and the information system
is perfect. This is an approximation of the effect of removing INCORA's

restrictive policy in the current situation.



The comparison does’suggest, however, that there will be a shift in
resource use from labor to more modern factors of production if working
capital could be freely allocated. Labor use declines absolutely by 19%
from the currenc level, while fertilizer use increases by 248%, rentals by
49%, and pesticides by 44%.

The shadow price on working capital in Model B.2 is still $.51. This
suggests that the addition of INCORA loans to the lower and upper limit
constraints did reduce the gross return to working capi.tal.""1 However,
>e rate of interest on INCORA loans is only 11% suggesting an excess
demand for INCORA loan fimds, if the shadow price accurately measures

the opportunity cost of capital.

3l5ee pages 27-28 above.
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CONCLUSIONS AND POLICY IMPLICATIONS

Conclusions

There are three general sets of conclusions which can be drawn from
the sbove analysis. First, INCORA loans for working capital for the sample
of borrowers producing corn increased profits and production, modified the
pattern of resource use, and induced technical change. Second, INCORA's
policy of tying loan proceeds to purchase of specific inputs limited
profits and production for the sample of borrowers, and led to a more
labor intensive production process, than if working capital had been freely
allocated. Finally, appereit shortages of agricultural credit, as evidenced
by requests for INCORA loans that exceed avcilable funds, may be explained
by divergences between the shadow price of working capital, and the rate

charged for INCORA loans.

Increased profits and production are due to INCORA credit.--INCORA

loans to the sample of small farmers were directed to modern inputs and
new production technologies. This apparently reflects the tying of loan
proceeds to resources and techniques deemed desirable by project managers.
Also, it reflects the technical assistance component of INCORA credit, with
such assistance proffered at the farm level by the credit supervicor
during his periodic visits.

In any case, use of modern inputs (fertilizers, pesticides, and
machinery and animal rem:.als) increased from 0% (or from 5.5% depending
on the assumption about the level of working capital in the absence of
INCORA) of working capital in the absence of INCORA loans to ‘aver 18% of

working capital with INCORA loans. That is, from 40% to S0% (depending on



the assumptiom) of INCORA loans were devoted to the purchase of these
modern inputs.

At the same time, there was a definite shift to more modern technologies
to produce corn. While corn production in the absence of INCORA loans was
either wholly or mainly (depending on assumptions) in the lowest technology
level, after such loans, most production, and factor use was concentrated
in more modern technologies. In fact, 27% of total corn production was
on mechanized farms. Not only were INCORA loans devoted to more modern
inputs and techniques, but flexibility introduced by these loans enabled
farmers to devote much of the working capital in existe... ~ ~fore INCORA to
the more modern inputs and techniques of production.

Use of labor also increased by 29% to 60% (depending on the ass!nptions).
This rate was less than the rate cf increase in working capital (fro%

INCORA loans) and much less tharn the rate of increase in moderﬂ factérs,

so the share of working capital devoted to labor fell as INCORA loan$

were made. tHowever, the relatively large share of working capital dévoted
to labor in the absence of INCORA loans, and the modest growth rate %n
labor use as INCORA loans were made, led to substantial portions of %uch
loans being devoted to labor. It is estimated that from 35% to 46% éf
INCORA loan proceeds were used to hire labor (depending on the assumétions).
This reflects the complementarily between labor and the modern inputs.

The increase in use of modern factors, and shift to new technolegies
led to increases in yields, and hence production. It is estimated that
production increased by 33% to 54% depending on assumptions. Increages in

¥
costs were less than increases in revenues, so that profits were increased

by 13% to 29%.

INCORA's restrictive loan policy ieads to inefficient allocation of

resources.--Profits and production would have been even greater if INCORA
had not followed the policy of restricting the use of loans to purchase
certain factors of production. It is estimated that production would have
been increased by 6.8% and profits by 7.5% if recipients of INCORA loans
had been free and able to allocate them to their most efficient use.
Evidence at hand also leads to the conclusion that INCORA's restrictive
loan policy led to use of more labor, and less modern inputs, than if work-
ing capital would have been freely allocated. That is, when working capital
(including INCORA loans) is freely allocated in Model B.2, labor use is
Teduced absolutely by $404,462 or 19%, and use of modern inputs increased.
This suggests that INCORA subsidized the use of labor relative to other
factors of production encouraging economy in their use. If INCORA loans
had been unrestricted, use of modern inputs would have increased more
rapidly than they did, and would have been a larger share of INCORA loan
proceed{, and of total woiking capital. At the same time, labor use
would have increased much more slowly, and would have been a smaller share

of loans, and working capital.

Excess demand is not evidence of credit shortage when shadow Pprice

exceeds INCORA price.--Requests for INCORA loans have far exceeded loan

funds.32 As Adams has pointed out in a recent paper, this phenomenon is

used to argue that agricultural credit is in short supply and thus is a

33

bottleneck to more rapid agricultural development. On this basis, it

might be argued that such credit ought to be expanded.34 However, as

3ZSee Schwinden and Feaster, "The INCORA Supervised Credit Program," p.40
33Adams, "Agricultural Credit in Latir. America.”

34Schwinden and Feaster, '"The INCORA Supervised Credit Program,"
PP. 41-42.



Adams indicates, this assertion is certainly open to question and alter-
native suppositions.

The analysis in this study suggests the MVP of working capital is
at least $.51, i.e., the shadow price on working capital in Model B.1
(unrestricted use of working capital in the current situation). As has
been mentioned this may be interpreted as the gross rate of return on
working capital. The nominal interest charge on INCORA loans is only
11% during the period 1968-1970.>

Thus, there is a sizeable divergence between the market price of
working capital (as measured by the shadow price), and the institutional
price. It is obvious that there will be a large number of people desiring
to borrow at this price. The apparent "shortage" of agricultural credit
in Colombia is revealed for what it is; a disequilibrium between supply
and demand at an institutional price ror working capital much below the
market price.

Our, results support Adams contention that loan requests in excess

of funds is not a valid basis for concluding that there is a shortage of

credit and hence a bottleneck to development.

In this situation, the existence of more requests for loans, than funds,

is not an economic basis for deciding if credit cvught to be expanded. If
the Government of Colombia (GOC) is concerned with efficiently allocating
development resources, the rate of return to this use of the funds needs
to be compared to alternatives (from the point of view of society, since
it is involved in providing the service). Even if such requests existed

when the institutional price was equal to the market price (indicating

strong demand for loan funds), one would need to know the relative return

Smid., p. 49.

bl

fron alternative forms of investment of the povernment's development

resources.

Alternatively, the goal of society may be subsidization of a group
in society, at the expense of efficient use of public resources. Or it
may be a joint goal of subsidization of a group, and maintenance or
increases in the level of per capita production (i.e., a limit on how
much "inefficiency' will be tolerated). The goal of INCORA and the GOC
apparently was to transfer income to a certain group (thus, leading to a
more egalitarian distribution of income), to concomitantly increase
employment, and also to increase production. From our results, they have
been fairly successful among INCORA borrowers producing corn.

The INCORA loans involved a real subsidy to the farmer, if the shadow
price of working capital ($.51) is the market price and gross rate of
Treturn. This suggests that if I peso of INCORA working capital were added,
it would increase profits (as defined above) by $.51. However, $.40 of
this would be a transfer from the GOC to the farmer, since the cost to
him is only .S.ll. Also, INCORA has tended to subsidize the use of hired

labor more than other resources. This (if INCORA borrowers tend to hire

labor from each other) in conjunction with the subsidy, should have led to
improvement in the relative income position of INCORA borrowers vis-a-vis
society.

Adams indicates another argument often put forth to support the idea
of a shortage of agricultural credit is that technical change has a high
credit prcq:aensi.ty.:”6 WLile Adams found mixed results to support that
assertion, our results strongly support it. The results indicate that the
addition of INCORA loan funds did induce a great shift to more modern

technologies, and out of traditional ones.

36adans, "Agricultural Credit in Latin America.”



Policy implications

The ideas presented here must be considered in light of the ver;
narrow focus of this research report, and the assumptions underlying
the analysis. With this caveat in mind, there are some general policy
implications which follcn; froa the results of this study. First, super-
vised credit, if administered in a similar manner and setting as was INCORA
credit, may be expected to increase profits, production, and employment,
and lead to adoption of more modern inputs and techniques of production.
Second, requiring supervised credit to be used to purchase specific inputs
will lead to an inefficient allocation of resources. Finally, the existence
of excess demand for agricultural credit is not necessarily an indication
that such credit is a limiting factor to agricultural development. If
resources are directed to supervised credit, upon the premise of excess
demand when the institutional price of credit is much less than the market
price, such resources are very likely to be inefficiently used.

Supervised credit and agricultural development.--Governments or inter-

national lending agencies, who are anxious to increase profits, production,
and use of modern factors and technology in agriculture of LDC's, may be
encouraged by the experience of INCORA borrowers. However, there are
several points to be kept in mind before investing in supervised credit

as the panacea for agricultural backwardness. First, INCORA credit was
integrated into a much larger package of land reform and infrastrictural
development, and had a very strong component of technical assistance,

with credit loans tied to use of modern factors, and techniques. Second,
the cost of credit was very highly subsidized. It is likely that production
responses and shifts to more modern techniques would have been much less
pronounced if farmers had been required to pay the opportumity cost of

the credit.

#hile we have no direct evidence on this point, it is likely that
some subsidy may be required to induce technical change. More critical is
the length of time required for the subsidy before production under the
new technique is self-sustaining at market prices. If the subsidy is
relatively large, there is a risk that producers will revert back to less
modern, but more profitable practices, as soon as subsidies stop.

Consequently, international lending agencies, and/or governments,
who are considering investment in supervised credit as a wmeans of agri-
cultural development, should consider these aspects of INCORA's experience.
Whilc the models suggest production, profits, and employment did increase
rapidly, the environment was unique and heavy subsidies were involved.

The cost to society of any credit program needs to be considered relative
to alternative ways of stismulating agricultural production.

Restricted use of supervised credit and inefficient resource alloca-

tion.--Any government or lending agency making loans for supervised credit

or credit programs should be aware that tying the credit to the purchase

of specific factors will likely lead to inefficient allocation of resources.

While doing so may serve objectives other than efficiency, it would seem
desirable to know the social cost of achieving the stated objective, in
terms of foregone production or profits. For example, if maximizing
employment is the objective, it would seem important to calculate the
marginal cost (in terms of production foregone) of adding one more unit
of employment. Such analysis may lead to society allocating resources
most efficiently, “hen supporting the unemployed via a direct subsidy
based on taxation of the now greater production.

Excess demand and credit bottleneck.--Lending agencies and governments

should be very cautious in assuming that excess of requests for loans from



a supervised credit program over available funds indicates a bottleneck

to agricultural development. If additional resources are committed for
expanding supervised credit programs on the basis of this kind of evidence,
it is likely that such resources will be inefficiently utilized. When

the market price for credit is greater than the institutional price, such
demand will always exist. Even when the institutional price is market
determined, there is no a priori way to translate strong demand for
institutional credit into the idea that lack of credit is a deterrent to
agricultural development. In this case, before scarce development resources
are committed, the government or agency involved should consider alternatives
that might have higher payoff to society. However, strong demand for
credit (as implied in a rising market pri.ce), suggests that the marginal

product of such credit is relatively high.

Suggestions for further research

This study has been concerned only with INCORA borrowers producing
corn, a:;d has utilized some restrictive assumptions. In order to assess
the impact of entire INCORA credit program, this research needs to be
expanded in at least four major areas. First, a sample of all INCORA
borrowers should be included, not just those producing corn. Second, an
attempt should be made to assess the impact of INCORA loans for capital
items. Third, the study should be expanded to consider the opportunity
costs of producing srops via INCORA loans, and trade offs between efficiency
and employment, or efficiency and improved income distribution. Finally,
the impact of INCORA loans on non-borrowers, other credit institutions,
and linkage effects should be researched.

Study all borrowers and crops.--A similar model to the one used in

this study could be used to program the production milieu of all borrowers

in the absence of INCORA loans. Activities (a of t'hel) Tepresenting
technology classes could be defined for each of m crops, as could profit
coefficients and constraints in the absence of INCORA loans. Land con-
straints could be more carefully defined, with physical characteristics
considered. This could also be true with respect to family labor, recogniz-
ing mobility problems. This would lead to an objertive function of (m-n)
variables. Such a model would consider interrelationships between all

crops and techniques, and the enlarged and more realistic set of land,

and family labor constraints.

Consider loans for fixed capital.--This model could be expanded to

consider the role of INCORA loans for both working capital, and for fixed
capital. In the model described directly above, profits might be defined
as in this study, i.e., the return to land, management, and fixed resources.
However, fixed resources could also be costed out and included as a con-
straint.’ In this way, a constraint could be developed for annual fixed
capital services. This would permit analysis of not only iNCORA's working
capital but also of fixed capital, and relative profitability to the farmer.
This is important considering around 50% of all INCORA lcans go for fixed
capital.37 Also, it would permit a determination of changes in profits,
production, and resource use, when profits are the returrn to land and
management, which is likely to be the long run decision rwodel for farmers.

The social costs Jf crops produced with INCORA.--The question of the

social (opportunity) cost of producing corn with INCORA credits has not
been included in this study. Given the limited resources of the GOC,

it would be desirable to assess the cost of producing corn with the highly

3-"Scl'nvinclen and Feaster, ''The INCORA Supervised Credit Program,"
p. 30.



subsidized INCORA credit relative to corn produced under market cenditjons,
even under other than efficiency goods. . In this regurd, the trade offs
betveen efficiency and increased employment, and efficiency api the more
equal income distribution should be assessed. That is, the cost to
society (in foregone production or profits) of creating one job, or one
unit decrease in the distribution of income (i.e., in the variance of
income), via INOORA credit needs to be determined as s basis for better
public decision making.

Other more global impacts of
INCORA

Finally, the effect of INCORA on non-borrowers, on cther credit
institutions, and linkage effects needs to be considered. It is possible
that demcastration effects on neighbors msy be sizeable although evidence
so far is to the cont'rl:ry.38 It is not known to what extent INCORA has
taken business away from other firms or has inflenced their practices.
Finally, strong linksges to other subsectors and sectors, could indicate
the viability of INCORA credit, if such multipliers were greater than if
credit were supplied via the market.

“See Adams, et al., "Supervised Credit in Colombia's Agrarian Reform.

LITERATURE CITED

Adaws, Dale N.;_ct al. "Supervised Credit in Colombia's Agrarian Reform:
An Evaluative Study." Bogota: Centro Interamericano de Reforma
Agraria. 1966.

« "Agricultural Credit in Latin America: A Critical Review
of External Funding Policy." American Jowurnal of Agricultural
Econamics, May, 1971, pp. 183-172,

Schultz, Theodore N. Transforming Traditional Agriculture. New Haven:
Yale University Press. 1964.

Schwinden, James and Gerald Feaster. 'The INCORA Supervised Credit
Program."” USAID - Spring Review - Country Program Paper, Colozbia,
Circulation Draft Copy, October 10, 1972,



APPENDIX A:

Distribution of Technology Classes

by Regions

32



APPENDIX A:

Distribution of Technology Classes
by Regions

Data are presented in Appendix Table A.1 showing the distribution of
the technology classes by region. By reading down the columns, one gets
an idea of the distribution of the technology class among the regions.
In overy case, tachnology classes tend to be concentrated in a small number

of regions. For example, 42% of the farms in technology class X, are

1
located in Bolivar (131) with 18% and 19% in Tolima #2 (732), and Valle
#2 (762), respectively, for a total of 79% in these three regions.

By reading across the columns, the distribution of technology classes
within a region can be determined. Once again, each region tends to have
small nunber of technology classes. For exawple, in Bolivar (131), 69% of

the farms are in technology class X,, and 23% in technology class x2 for

1?
a total of 92% in these two classes. The only possible exception seems
to be Cundinamarca #1 (251) where the 253 farms are fairly avenly distributed
across six technology classes using only human power.

Thus, we conclude, that there is little variation in technology within
a region, and most technology classes are concentrated in a few regions.

That is, technology class X tends to be found in only 1 or 2 of the

regions, etc.
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Distribution of Ferms in Sample by Reglon and Technology Ciass.

Table A.l.

No. of
xu Fares

X, X X X% X X% X X,

hohoX%

Technology Class/Regions

1u

1

14

Antfoquia
Bolfvar

Boyaca

62

14

18

13

1

Magdalens Medio
Caucs

16

Caucs (E1 Charco)

César (Pallitas)

Cérdoba

16

41

1n
243

1

41

63

CGmdinamarca #1

14
11

Cundinsmarcs #3
Omdingmarcs #4

Choco

14

10

16
11

Hulls

Magdalens ¥edio

10

Meta
Nexino

0
0

Norte de Santander (Adrego)

Norte de Santander (Tidd)

Peroira

16

Tolima #1

15 18

10

Tolims #2

Tolims #3
Valle #1

13

17

43

u

Valle 12

37

18

18

0
0

166
1229

64 23
296 10 91 135 124

76
164

0 _o0 _o _o o
93 42 36 33

57

Caquata
Yusber of Farms



APPENDIX B:

Data for Models A and B, The Current
Situation, and Miscellaneous Results
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Appendix Table B.2. Additional Data on Constraints Necessary to Solve
Models B.1, and B.22

Working Capital Constraints

Models Current pesos
Model B.1
Seeds 241,036
Fertilizers 121,408
Pesticides 173,478
Rentals M & A 398,618
Packing 319,979
Transportation 331,166
Irrigation 1,950
Fuels 2,877
Labor 2,158,203
Other 1 22,720
Other 2 19,478
Model B.2 (Total) 3,790,913

3011 other data for Models B.1, and B.2, including aia" c., and land
and family labor consiraints are contained in Appendix Table B.1l.
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Appendix Table B.4.

Results of Solving Model A with Upper Limit Constraint on Working Capital

Part A. Profit Meximization Part B. Production Maximizstion
Lavel S Lavel 7 Total Level 7 Lavel 8 Total
FACTOR USE
Working Capital 329,917.88  2,079,254.96 2,409,173 1,934,058.55 475,114.27 2,409,173
Seeds 27,491.51 166,416.06 193,907.57 154,795.06 28,865.32 183,660
Fertilizers 64,095.38 (] 64,095.38 ] (] ]
Festicides 15,783.14 (] 15,783.14 ] 0 . (]
Rentals M § A 51,098.86 0 51,098.86 o ] (]
Packing 19,956.49 202,708.22 222,664.71 188,552.91 24,395.65 212,949
Transportation 16,821.55 325,045.80 341,867,535 302,347.54 31,681.91 334,029
Irrigation 453.48, (] 453.48 0 o (]
Puels (] (] ] ] (] ]
Labor 130,238.00 1,376,418.75 1,506,656.75 1,280,302.08 359,808.98 1,670,111
Other 1 3,979.47 1,715.63 5,695.10 1,595.83 362.41 1,958
Other 2 (] 6,95C.50 6,950.50 6,465.14 (] 6,465
Family Labor 41,700.61 338,462.91 380,165.53 314,827.71 74,757.36 389,585
Land 328.61 4,399.05 4,727.66 4,091.86 635.80 4,727.68
PROFITS 208,962.41  2,490,038.26 2,799,001 2,316,156.43 431,357.82 2,797,514.%
PRODUCTION 680,580.88 4,907,756.14 5,588,337 4,565,042.69 1,031,229.45 5,596,272
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DISCUSSION OF
Supervised Credit: 1Its Impact on Profits,
Production, Factor Use, Technical Change,
And Efficiency of Resource Allocation
In Corn Production
In Coloabian Agriculture
by
James T. Riordan

and

Thomas Walker *

Having worked closely with Dr. Whitaker at various stages of his
analysis, we wish first of all to commend him for his write-up of the
study, particularly for his clear elaboration of the models employed
and the complex of assumptions underlying them. We have certain qualms
over phraseology used in the paper but for the purposes of this discussion,
let us focus solely on overall methodology and on the three general sets
of conclusions drawn from the analysis.

Methodology

Quite apart from substantive results, perhaps the major contributiuvn
of the study is & mechodological one. Presence of zeliable."before® and
vafter" data is comnonly regarded as a necessary condition for analyzing
credit impacts. But what Dr. Whitaker's analysis indicates ir that

vafter” data alone may suffice. 1In fact, in at least one sense, use of

*Economists with the Foreign Development Division, Economic Research
Service, Unitad States Department of Agriculture.

"simulated" absence-of-credit budgetsl is preferable to a strict "before"
and "after" comparison--since the results of the latter type of analysis
could well be biased by the vagaries of one of the two production periods
considered.
Conclusions

We have no disagreement with Dr. Whitaker concerning INCORA's sub-
stantial impact on corn profits and production, factor use and technical
change. With regard to INCORA's tendency to tie inputs to certain
resources, however, it is not clear to us that if working capital had
be«n permitted to be freely allocated by the farmers in the samplé,
increases in profits and production would have resulted.

On the basis of the differences between Models B.2 and B.1, it 1is
indeed tempting to infer that the INCORA policy of tying loans to spe-
cific inputs was the sole cause of the reduction in profits and produc-
tion associated with these differences. However, the paper fails to
mention how inpute were tied and furthermore, it is known, in fact, that
loans were not explicitly tied to labor. Moreover, to the extent that
INCORA loans were tied, they seem o have been tied to precisely the
modern inputs suggested by the differences between B.2 and B.1.

That corn farmers in the INCORA program could have been somewhat

lIn clarification, it should perhaps be noted that although it may be
tempting to visualize the budgets derived for Model A as pre-INCORA
budgets, these budgets do not, strictly speaking, represent how the sample
of corn-producing borrowers probably allocated resources prior to their
entrance into the INCORA program but, hopefully, how they would have
allocated resources in 1968-70 if INCORA credit had not been available
to them.



more “efficient” in the use of resources scems clear.? The real issue,
however, hinges on the question of what we mean by “efficiency" in this
context. 1In a static world, there would of course, under the assumption
that small farmers are "efficient," be no need for a credit agency to tie
its loanable funds to specific resomrces. But in a context of rapid
technological change--the context eacompassed by the study, one would
naturally expect farmers' knowledge of and eiperience with moder.. input
packages to be quite limited and, moreover, "rational" reluctance on
their part to adopt what they regard as high-risk production practices.
In this context, w.nen, a context in which an adjustment period is most
likely requ!..:d before farmers are comfortable with and convinced of the
beneiits springing from use of these packages, it may be worthwhile for

the credit agency in question to use the mechanisa of loan-tying to induce

the shift to these practices and reduce the time of this adjustment.3

We would conclude therefore that while, again, INCORA corn farmers
probably could have allocated resources in a different manner so as to

yield higher production and profits, it is unclear that resources should

2ye should note, however, thdt as stressed on pages 9 and 10, the
differences between B.l and the observed situation are not really that
great--thus buttressing confidence in the model's validity and confirming
the hypothesis that INCORA corn farmers are quite "efficient." Further-
®more, if the differences between B.2 and B.1 can be legitimately interpreted
as measures of INCORA "inefficiency," INCORA too seems, overall, to have
allocated its resources in an "efficient" manner.

31n the instance of INCORA, it may actually have been the case that
the high percentage of INCORA loans used to defray labor costs was the
Tesult of superisors' attempts to entice farmers to use modern inputs.
And hence, it could actually be argued that maybe INCORA should, if
possible, have had a more restrictive loan policy--or, more concretely,
that more credit for improved practice inputs should have been extended
ir specie and less liquid capital for the financing of man-days of labor.
Such a policy, as a by-product, might also have diminished the farmers'
dependence on the institution (INCORA) as a provider of wages for labor
and thus induced more savings from the beneficiaries as such,
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have been permitted to be freely allocdtell 'by” the farmer. Given farmers T
risk aversion and lack of knowledge and experience, perhaps even less
modern inputs would nhave been used.

Concerning the issue of whether excess demand is evidence of credit
shortage when shadow price exceeds INCORA price, the argument that "the
apparent 'shortage' of agricultural credit in Colombia is revealed for
what it is: a disequilibrium between supply and demand at an institutional
price for working capital much below the market price," (page 50) stands
in need of qual:lf:lcation.4

The argument presented rests on the assumption that the market price
can be measured by the shadow price. The going market price for working
capital in Colombia in 1968-70, however, was in the range of $ .20 to
$ .25, substantially below any shadow price for working capital derived
for corn producers in the analysis.’ Hence, at least forcgroupreduation,
there would seem to have been a.genuinesexdess degand fan bosngbie: funds.
Two conclusions therefore follow. Fiirst, INCORA need not have subsi-

dized credit but could have provided funds to corn farmers at the going

market price with substantial gains in profits and production and changes

in factor use and technology. Secondly, substantially more funds could
have been provided at the market rate with beneficial effects (in terms

of profits and production).

4pr. Whitaker is actually in full agreement with what follows.

5Thus, the degree of subsidization by INCORA was not as high as might
be gathered from a superficial reading of the paper.



