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Table 1. Percentage vield and input gaps between efficient plots and
average nlots for amportant crops and crop combirations in

)
Akola region, 197n-77,

"

Percentage paps'

crop Main pro- net cash
dJuct yvield  roturns input

Cotton i} Tl B 84
Cortton (1! 03 67 43
Cotton tIL1 + pigeconpeu 15 50 28
Cotton :L) + wigeonpea + sorghum (L) 42 48 27
Sorghum L1 53 56 41
Sorghum (H) 40 46 -53
Sorghum . + pigeonpea 40 39 -129
Sorghum L1 + green gram 48 45 1
Sorghum L) « black gram 41 42 -4
Sovghum (L1 + black gram + pigeonpea 47 51 0
Sorghum (L + black gram + green gram 51 49 23
Sorghum (L + black gram + green uram 26 25 37

+ pilgeonnpea

Sorghum (H) followed by chickpea 6 7 2
Paddy (L) 13 25 -7
Paddy (L) followed by chickpea 55 52 51
Groundnut 27 49 -7
Average 12 45 7

L = Local variety; H = High-vieldinp variety,

aPercentage gap caleulations are alwavs made by using efficient plot
figures i< the hase, irrespective of positive or negative gap values.









Allocative (or price) efficiency and technical efficiency are two
component.s of overall economic efficiency.™ Technical mmefticiency can
result from factors that are within the farmer's management capacity; it
can also be due to factors, both nhvsical and social, over which he has
no control. Price or allocative inefficiency results Crom cubopt imal
input combinations. Total cconomic erficiency is intflaonced ©irst hy
environmental consideratons and second by Tactors aperating at the
individual or group level. The environmont conisists ar “iotors that are
external to the Tarmer ! that indluence his Jdecision 't ore not under
his control "such 15 the nfrastructure aviaitable, nartare oy Joctor
markets, institutional structure, ote.i.  The model proposced hore can
attribute ield saps to technical and allocative inefficiencies only at
the individual lovel ¥

L oearlier described "technically efficient” vectors and "average"
vectors for d.fterent orop production processes in the Akola region.  The
detailed speciications of variors models to he optimized at different
constraint levels bused on these two sets of coefficients are given in
Table 2. The specifications are given by farm size to tccount for
resource endowment Jitfferences.

Model 1 gives existing levels of gross vreturns, while Model 2
estimates gross roturns {rom oxisting cropping patterns using technically-
efficient ocfficients, Model 3 considers rishs arising out of net return
variabilitics and atsitudes of the farmers towards risk, '™ and operates

8. The autnor is aware of the fach that 'wfficience' can only be measured
fic criterion.  Thus there ars semontic diffi-
culties 1n Hiscussin: gaps in terms of i ‘ficlency when
part of the aar Irom choico e SR RNte Sanctions
viz., maximiza: WOSE Darpu, mesimisation of cxpested profits
or maximization of axpected utility,  Howover, Shis exercise is based

accordina t£o somo zhodd

Tarmers alm o no muximioo expe rofit,

on the assumption

9. In order to find out <he nature and sources of economic cificiency in
terms of 4an 'optimizing model, ' Sampatih (197 used the lincar
chniaue,

programming ‘¢
10. Risk aversion crefficient has oeen defined as the ratio of changes in
the lewvels of cotod net return: (5 and srandard deviation (7) of net
retuarns, avarsion coclfiviants Tor variows cavcgorics of farms
are tak farmers were

found no Do wodorately riskeavorie wichons anv sianificant Jdifforences

from Binawansaor (19905, Thee soni-arid

in cocrfizionts of warions ~awomrie - o7 T e, Seeveortie T, we
ASEUNC ICreasing Ui AVeY Cron as Tovne St inored. of el o sor the
coefficionts at Juve, o0, nd D03 e a1, med i and large farms,
respectivels. The tocffiolans are oot at Shese Lovels Leoause
Binswancer found that about 30 2f all farmer resyondente came under

-~ antermedlste and moderate --
ancie of D 66 and UL 23,

the two Tontral rigk aversion slazoos

which rewresent rizh avorsion in



Table 2. Detailed specification of models used for vield gap analysis.

Model . e .
\o Method Detailed specification
1. Estimation svnthetic situation with average input-output cocetfficients
from sample at existing level of resource use and cropping pattern for
2ach avegory ot farm,
2. Estimation Estimated with improved input-output coetficients by using
fiom sample axisting cropping pattern and required level of resources
For cuch cateaory of furm,
3. Linear program-  Net roturn msximizarion with risk considerations and with
ming solution corstrained lubor and capital aveilshility, Kisk aversion

coetrficients of 9,00, 0,50 and 0.53 for small, medium =and
large farmers, respectively., Human labor availabiiity re-
laxed by 1o, 15 and 20% on small, medium and large farms,
respectively, in critical labor use period.® Bullock
availability relaxed by 10% for all categorics in uritical
Labor-use periods. Capital availability up to existing
use for cach —ategory,

4. Linear program- Net return maximization with risk considerations and con-
ming solution strained labor availability as in Model 5, but capital re-
Laxe bup to Maximuam Borrowing Limit? applicable at present
cropping pattern level for each category ot farm.

3. Linear program-  Net return maximizatior with rish considerations as in
ming solution Model 4, but himan Tahor availability relaxed by 20, 30
and 407 on smal b, med i and larve farms, respectively:
oullock labor availability reluaxed by 200 for each cate-
gory of farm in critical labor-use periods,

6. Linear program- Net oceturn maximization with relaxed labor and capital
ming solution avaiiahility a= 1 Model 5, but without 1isk considerations
7. Linear prouram-  Gross return maximization without risk considerations and
ming solution with relaxed labor and capital availability as in Model 6.

ACritical labor use periuvds are ax rollows:
Human 1ibor portod o second week of June to Jduly end;
period 2 second and third weeks of September;
nor o ast o week of september to middie of December.
Bullock lahor aeriod | middle of Jvne to middle of July;
neriad Last weel ot September to middle of December.

bMaximum Borrowing Limit s calculated on tae basis of maximun credit limit pre-
scribed for ach crop by fastrict Central Cooperative Bank, Akola, and by con-
sidering existine cropping pattern,
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Figure 1. Concepts of vield gap partition at the farm level
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maximization and risk aversion are seldom considered and maximizing expec-
ted value of vield is the (perhaps implicit) objective. This gives Y7
level of vield per hectarec.

Using the concepts given ahove, the potential yield gap (Y7-Yq1) at
the farm level can be attributed to the tollowing factars:

1. Profit-seeking behavior of the farmer with perfect knowledge and
with indifferent artitude towards risk at a given level of
resources, i.e., the desire of the farmer to maximize profit
rather than vields (Y--Y 1,

2. Risk aversion of the farmer who chooses a lower lovel of yvield at
a lower level of risk, resulting in reduction in output (YU-Y5).

3. Inadequacy of resources, i.e., restriction of output because of
inadequate resource availabilities to achieve risk-adjusted optima
(Ys-V3i,

4. Allocative inefficiency, i.e., operating at a lavel of vield that
does not maximize profit (Y3-Ya) subject to risk and resource con-
straints,

5. Technical inefficiency, i.e., not obtaining the potential vield
level at a g¢given level of resources and 2X1sting resource alloca-
tion 1V~-Yyy,

IIT. AN aPPLICATION

Technically-efficient set of coefficients were used to obtain solutions

for Model 2 ro Model 7 while Model 1 used the average sot of coefficients,!?
[nput coefficients were considered only for some critical resource con-
straints keeping in view the crop cultivation calendar in the region.
Requirement: of other recources that are assumed to be not limiting were

not spacitizd,  Mowever, they werce aceounted for in the cash input calcu-
lation. The cash input values were subtracted from the gross return

values to arrvive at net returns.  Thus, the net returns represent income

to the fixed and farmer's familv-owned resources like land, famiry labor,
machines, tools, fmplements, {arm building, etc.

The nrogramming nroblem involved 27 crop production activities -- the
main crops Being cotton, sorchum, black gram, chickpea, paddy, and ground-
nuts -- hesides five Tabor-hirineg activities, onc cash-bhorrowing activitv.

12. The solutions for Models 3 to 7 were obtained by using the compute:r
program (LINPRO), available in the CRISI' package on the DEC PDP 11/45
machine at ICRISAT,
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and one standard deviation transfer activity included for risk considera-
tions. In all, I4 restrictions werec imposed, which included unirrigated

land, family labor in five periods, bullock labor in two periods, annual

cash, annual borrowing, labor hiring in three critical labor periods, and
one standard deviation transfer restriction.

The general sormat of the linear programming model is:

-

max. U = ¢x
subject to Ax £ b
x2 0

Where x is a vector of activity levels

¢ 1s a vector of returns

A 1s a matrix of resource requirements >c¢ technical coefficients
b 1s a vector of fixed resource and othor restrictions

In addition to the usual assumptions of linear programming the follow-
ing assumptions werr made:

The technolooy ot cach crop is identical acrcss farm size groups,
which means that the input-output matrix and objective function coefficients
are identical for every farn size group,

There is no mobility of factors of production across farm size groups,

Risk considerations are introduced via a model in terms of mean net
returns (L) aad standard deviation of net returns (o0):

-

max, U = ¢ x - ¢ (ox)
subject to AX ¢ b
x 2 0

Where ¢, x, A and b are the same as in the earlier model.

' Is a risk-aversion coefficient of the farmer specifying
his indifferencc/trade-off between net returns and risk.
The coefficient is defined as the ratio of changes in the
levels of cxpected net returns (F) and standard deviation
fo) of net returns.,

is a vector of standard deviatiens o1 net return values.

~i

The model allows the farmer to maximize his expected net returns,
minus a tisk term comprising a specific number % and the weighted sum of
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level (Model 1) to the potential level (Model 7), while the net returns
increase by more than four times. Cash input and bullock labor rise to
more than double their original levels. Human-labor use increases byv
three-and-onc-half times on medium farms, while it increases only by a
little more than one-and-onc-half times on small and large farms. The
first major increase for all these parameters occurs with Model 2, when
technically-erficient coefficients are used. Coefficients of variation
drop by more than 12 percontage points,

In the case of Model 3 as compared with Model 2, on small and large
farms all *he input levels as well as gross return levels decline, while
net return: increase slightly with increased variability. llence more
efficient allocation ot resources results when the objective is to maxi-
mize net returns. This implies that after achieving technical efficiency
at point B (Fig. 1), the producer moves downwards along the TVP 1 curve
in order to bhocome allocatively efficient, subject to risk considerations.
In the case of mediun farms, Model 3 generates higher levels of net as
well as wross returns with lower inputs. This demonstrates a case of up-
ward movement (R to € in Fig. 1) along TVP 1 to achieve allocative
efficiency.,  The second major increase in all these parameters occurs when
the capiral constraint is relaxed in Model 4. Thus, if one moves from
the allocatively efficient point under resource constraints to a relaxed
level of capital, a substantial change in output level takes place. But
the relaxed lTevel of labor along with capital (Model 5) does not ada to
the levels of gross and net returns, except in the case of large faims
where it shows some positive contribution.

Meutral attitwdes of small and large farmers towards risk, depicted
by Modei o, :hirt the allocation pattern and bring more risky (coefficients
of variution increase by 13 and 17 percentage points, respectively) but
high-return enterprises into the plan, resulting in slightly increased
returns.  However, these increases are smaller than those associated with
technical eriiciency or capital access. About 129 of operated land on
large varms remains faliow when the farmer's indifference towards risk is
caused by capital restrictions. lowever, when the farmer is risk-averse,
the Tess rishy crop activities allow him to achieve around 125% cropping
intensity with, of course, reduced levels of returns. On medium farms
the inerease in ontput ot the level of indifferent risk attitudes is not
signitivant. This i< because the enterprises chosen under Model § dominate
all the other onterprises.  In other words, they vield sufficiently higher
returns than the other alternatives so the trade off between expected net
returns and its standard Jdeviation at his level of risk aversion does not
atfect the allocation pattern.l6  In general, capital is the crucial input

16. It may partly be a consequence of the very crude representation of
risk.
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Table 3. Partition of yield? gap into various components on different
size farms in Akola region (%).

Farm size
Source of gap Small Medium Large
{3ross Net Gross Net Gross Net
returns returns returns returns returns returns

Technical ineftficiency 31 31 33 34 50 48
. s -b b
Allocative inetficiency -3 1 6 11 -4 6
Capital constraints 59 53 61 55 48 40
L.abor constraints 0 0 0 0 2 2
Risk aversion 13 15 0 0 4 4
Profit-sceking behavior 0 0 0 0 0 0
Potential percentage gap 73 78 75 80 72 78

Ioutput gap due to cach source is measured as percentage of the potential
gan.,
[ b

hNogutivo sign of gross return gap on-small and large farms does not indicate
negative contribution of allocative inefficiency; the absolute value
indicates the allocative inefficiency.



CONCLUSION

The use of mathematical programming models to analyze vield gaps at farm
leve . rather than to analyvze vield gaps of individual Crops, is more
appropriate in the case of rainted avriculture. The exi:tence of tech-
nical inefficiency suspests a need for improvement in tihe oxtension
Jervice, and in o “he management s ille of rthe farmer,  The importance of
capital searcity in vield waps emphusizes the potential of credit agencies
and calls for rescurch on labor-using and capital-savine technologies for
labor-surpins 2conenmies,

RDG:vsssm
2:-9-1981






