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THE POTENTIAL OF MATHEMATICAL PROGRAMMING FOR THE ANALYSIS OF,
 

YIELD GAPS 
IN SEMI-ARID TROPICAL AGRICULTURE*
 

(....R.D. 
 Ghodaket
 

INTRODUCTION
I' The roledof t 	 and:its 'itranfri
 

Th>':is.e.hnoge
tc ydevelopmeiit an i 
 i agricultural development is now well recognized, However, it has been observed that the 
performance of technology on farmers' 
fields isnot as satisfactory as at 
experiment stations. . Thougl some farmers are able to achieve high yields
 
on 
their farms, they seldom, if.ever, ;reach the lvsattained at experi 

." :ment stations. The following factors may 
 ilee sh aan a1)ex"entransferable components of technology, i(ii) environmental variations,'
 
(iii) physical or biological constraints;,and (iv) socioeconomic con
straints. 	 . ... 

.. 

Constraint analysis research tries to identify the factors causing

the gaps and also to quantify the magnitude of their contributions. The
 
findings of such research have many implications for policy formu.lation
 
aimed at alleviating the constraints causing the yield gaps. 
 The results
 
also have implications for research to modify technology so as 
to reduce
 
gaps. 

The International Rice Research Institute (IRRI) has pioneered 
a
 
inhoolgy 
 identify yield gap factors and estimate their magnitudes

in rice production (De Datta et al. , 1978) .The 
 total yield gap is conceptually divided into two components: Gap I, between experiment station'
yield and potential yield 
at the farm level; Gap II, between potential
 
and actual yield at the farm level. 
 Gap I has direct implications for
 

This isa revised version of the paper presented at the Working Group
 
Meeting on Yield Gap Analysis for Dryland Crops, organized jointly by


* 
the All India Coordinated Research Project for Dryland Agriculture,
Hyderabad, and the International Crops Research Institute: for the Semi-
Arid Tropics (ICRISAT), Patancheru;,A.P., during 17-23 February 1980. 
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2. The Akola district of Maharashtra State in India is used for this
 
study where ICRISAT's Economics Program has conducted village-I evel
studies over several years (Jodha et al , 1977). 



activities or processes are mainly based on crops, crop varieties, crop

mixtures, crop rotations, fertilization levels5, irrigation levels, soil
 

by averaging overall farmer plots. 
 The 	data used for this purpose pertains,

to the 1976-77 agricultural year In total 16 crops have been used here 
for 	comparison purposes. 
 However, the final yield' gap 'breakdown, using

bmathematical ptograldming, considers a larger set of 27 p rosss,
 

In order to achieve a "technically most efficient"'.iput-output vector 
from among the available plots under each process, the criterion of maximum 
net returns per hectare over variable cost has been used 3 This'for each 
process one plot is selected whose input-output relation has been assumed 
ynoe iIly tser efficient,,ver plots o t ser s This~'gvesanother set of vectors for allithe defined processes that represent,
technically efficient means of production. 

Examination of a single crop situation for gap analysis will make it
 
easy to express the gap. in termofpyiayels Hoee, i
 

sitatini whch utptsconsist of different mai~n products and
by-products, yield gaps must. be measured in terms of either gross or net 
returns, in monetaryvterms per unit of land; This~is particularly relevant' 
when the whole-farm-household approach is to be adopted for gap analysis. 

Yield gaps in terms of the main product5 between "technically
 
efficient" plots and "average" plots (Yield Gap II) 
are presnted in

Table 1. The-highest perceiitage yield gap was observed -for~local cotton,

'and the lowest for the sorghum-chickpea rotation. Among cotton processes,

the. yield gap was between 60 and :70%. in the case of sole cotton, but its
 
magnitude was lowest, in: the case of. cotton mixtures. Gaps in sorghum and

sorghum mixtures ranged from 26 to S3'. Local paddy and groundnut when 
grown as sole crops had relatively small yield gaps. 



3. 	Technical efficiency refers to the proper choice of production function
 
among all those actively in use by farms in agriculture (Farrell, 1957).

Here "efficient plot" for each crop production activity is the one with
 
the highest' net. returns to* fixed resources.
 

4. The set of chosen vectors need not necessarily be really technically

most efficient, as. many other possible relations between input-output

coefficients might not have been observed, and the use of different
 
criteria might give different vectors. However, in the absence of this
 
information one can accept this set as a realistically attainable
 
approximation.
 

5. 	In case of crop mixtures and crop combinations, main product yield is
 
a simple addition of mai~n product yields of individual crops.
 

:*: 

.2 < ' . , .	 ' -2 ; ' :; : : . 22,7: 



Table 1. 	Percent;age yield and input gaps between efficient plots and
 
average plots O'wr important crops and crop combinations in
 
.\kola region, 19'--7 .
 

P e r c e n t a g e ga p s ' ...... 
Crol: MA i n pro- Net Wash 

duct yield returns input 

Cot ton Q.,. - W 84 

Ctton W 0, 67 43 

Cotton W - pigeonpea I, 50 28 

Cotton L + ,igeonpea + sorghum (Li 42 48 27 

Sorghum L) 53 56 41 

Sorghum W)I 40 46 -53 

Sorghum W ,igeonpea 40 39 -129 

Sorghum . green gram 48 45 1 

Sorghum I. black grait 41 42 -4 

Sorghum l.1, h lack gramn + pigeonpea 47 51 0 

Sorghum W + black gram - green gram 51 49 23 

Sorghum I. black gram + green gram 26 25 37 
4 
pi geonpc,,'
 

Sorghum j11)followed by chickpea 6 7 2 

Paddy I. 13 25 -7 

Paddy (L followed by' chickpea 5255 51
 

Grou ndnut 27 49 -7
 

Averag,. 	 42 45 7 

L = Local 	variety; H = ligh-yielding variety. 

apercentage g.,ap calculations are aiwavs made by using efficient plot 
Figures a: thu hase, irrespective or, posi.tive or negative gap values. 



It is clear that the pattern of net return gaps is similar to the
 

oy~n
tpan the main product yield gaps,' which imply proportionately higher
levels of variable cas 

grpsiguire.' .eturns,in__man v-cro-pout -rcse.-r 

ciency. An important inference drawn from this table is<that the per
inusOn 	processes with average technical effi

centage net return gap figures are higher for sole crops than the crop

mixtures 	dominated byuthe same sole crops.
 

For five 	processes the cash input6 gaps 
were negative, consistent
 
with our earlier contention that.c;greater cash. input is used on processes

.wit.h average technical efficiency (Table 1). 
 In these crops the positive
 
gaps in yields do not necessarily arise because ofgreater cash inputs

on selected plots. Therefore, there must be other 
factors causing these
 
yield gaps.. For all four cottoi-nactivities the gaps were positive but 
varied widely from 27 to 84%. In the case of a sorghum and sorghum

mixture activities cash inputs were higher for average plots than for
 
technically efficient plots, The range was from -129 to 41%.
 

To conclude, average yield gaps, when measured in termsofpyia
yield and net returns, are observed to 
be 42% and 45%,. respectively The
 
picture is different in the 
case of cash input gaps, the average gap for

all activities being only 7%. The differences in the mapnitude of )ield

and input gaps for at least some crop activities suggest that other
factors might be responsible for these gaps. Such factors might be
allocative inefficiency, humaz.and bullock labor input levels, pest and
 
disease incidence, management ski.lls, farmers' attitudes towards risk,
 
etc.
 

,
I CONCEPTS OF YIELD GAP PARTITION AT FARM. LEVEL
 

In the IRRI-type of gap analysis for explaining yield gaps,.data are
 
generated -through-complete factorial and minifactorial trials and 
can 	be
 
analyzed by conventional analysis of variance techniques to determine
 
individual and joint contributions of the various factors 
(De Datta 	et al.,

1978). . Partial budget.ing approaches have also been suggested to compare 

:1 . ..	 alternative management practices and in turn to understand the economic
incentives for cultivation of the alternative crops. In order to under
stand the effect of various factors on input use and thereby on yield

levels, regression analysis can also be used.
 

6. 	Cash input includes expenditure on seeds, fertilizers, pesticides,
 
insecticides and farmyard manure.
 

'
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p r i c e s isThe read 
c7ecorsemi rsubsisteice fandning to meet household f 

gaps.cand of isserain further compiicated where subsist 
n may be pracibed 

consumption .needs o6r t~o minhimize risk arising fro yild and prcevariations The existence of segmented 1977) Furtheore isanother

sourcecofcomplexit. In order to cover all of these effects, there isa 

need fo oncider allthe activties ofHarfarmer and to measure the yield 
m y i e l d gapatthe farm level per unit of fixed resources as opposedtoit 

ngapuof an individual 'crop. 

e Forthis work I have used mathematical programming (linear progra7 model s
tmming) to analyze the yield ga'p, eypressed interms of grss re 
turns per. hectare. My analysisis along the linessuggested byHerdt and 
Mandac (i979),need to consider'oformulat model to <•whoall'D-the activi-:a splittohneasurethe yield gaprinto yieldtesoaaernd mthemaia factors .,:

insuchas p'ofitseekiof egment allcative inefficiency andtechiicao 

7. One can use more omlicad tcove of theeefcts threi's, 

quadratiwo ahmiaas for instance Iheec programming ( liner poa
7
mmin programmlng (Hazel, 97y)whichalio one to deal rigoroussy re

urisk intheenterprise rturns alHowever, thes se sneedaccebyerd andess 
suoaesable icomputer gramhs, ancentaivl large data assedbl ical 

cotoa nalecopters. r~i n nal ag aaasml n
 



Allocative (or price) efficiency and technical efficiency are two
 
component. of overall economic efficiency.. Technical inefficenc\ can
 
result from factors that ire within the farmer's management capacity; it
 
can also he due to factor:, both phvsical and soc-ial, over which he has
 
no control. Price or illncativ,: in ficiencv result; :rom siilopt lnl
 
input combinations, IotaV .conomiac oficiencV 
 ii.: nfl y first hv
 
env ironnent cnns i dera 2t i.: Arond ,pL n t hu
: e , ':t,r',, 

individual or ,'-o p level. The en,.ironmi ;,,t :ol i : t ,a 
 that are
 
externalI tv the tart.r & a.it in Eluic hi:saK 
 C hut Pr, not under
 
his control "'uc1 .i thre IVinfstrlCtIre a'vIiAiN , IIt:'ri n ! "fct.oi'
 
markets, institutionan t ructure, etc.. Thc mool proposed hur, cin
 
attribute vield .laps to t echnical .nd1a1locativC i flit ticic nc',S only at
 
the individual 1 1-,,.1.9
 

I earlier described "techaicilly' eff icient" vectors ann "average"
 
vectors tor f.iu.i'nt c'or production proces5:- in the .\kola region. The
 
detailed specilication: r v'arlo", 
 nodels to be opt imied at different
 
constraint levls ha s.i on these 
 twocesets of coco.ici ea:5 re ,ivon in 
Table 2. The speci fications are ,given by firm si-e to :ccount for 
resource endowmoent di fferences. 

Model 1 gives existing> level;' of gross returns, while ,Model 2
 
estimates; 'ro'; r,: i'~m .'rompin. p:irtCrns
fro exist ing usint technically
efficient -oet'iictents. "lodel 5 considers riAlWsrisinQ out of net return 
variabilitie s and ,rnit,.dos of the ta:rmera towards, riskX and operates 

S. 	 The author is aware of the fact that ',ffi i-no' can oniy be measured 
according to -,sm, .- ,, fic W're ar cm,, diffi:r~ti w'hi t, 

culties in .i ,us; :'i in i of jr W
aps terms :ficin:: fici.ncy when 
part of the c' '-roic-,ari, from 'r DC ,r- t cbjr~ i fun tions 
viz., max mi iO. o-f :r''' - - , , , in.'Im . tiorl of ' :rofits 
or maximization f :.: ,cted ut1 i .vv-r, thiis-: e: rc ise is based 
on the assumption tha.. ., in-, aim to .m , in xc't d p.rofit . 

9. 	 In order to find out thie naure and ,ou,, .scof ecoromic officieicy in 
terms of an 'optimiz'.iig made!,' , San,,a th: (1'731) usad1 the linear
 
programminq tOc'ni.:u .
 

10. 	 Ri:k aversion coefficient ha.sn ven defined an the ratio of changes in 
(a1d .net net 

re urnz. Risk vri on coffi"' , ti ' r ".i iu' ,.. i n : of farms 

thn of. .ev-Ir-tur, ( .ra,:urn edAviatio,-, (W) of 

are 	 taken from -i r'anor ( :)(y' . ..o -,rid ctIrn: , fir-mers were 
found v" o r L.in,m-,-rayt ' 	 mai ni i anL di.ffrences 

COE.Vl ' it. at 5.00 , ic,'1 : '- ; ] , .,i' , a(rge 
resectiv l-. T , ii ...- , a t *s I_.'Ivlz i u 

aindl farms, 

ins, n- found tdat t .' of all r-i I''ri l ,iInt f cme( under 

the two .o- nt, ri-sk ,aversin., , and:, ,derate -
wh ich rn n risk .',ia.r.a, iin, h :I n i (,6 aid 0.33. 



Table 2. Detailed speciFici: ion of models used for yield gap analysis.
 

Model
 
No. Method 


1 . Estimation 

from sanple 


2. 	 Estimation 

fhom sample 


3. 	 Linear .rogram-

ming solution 


4. 	 Linear program-

uing solution 


S. 	 Linear program-

ming solution 


6. 	 Linear program-

ming solution 


7. 	 Linear program-

ming solution 


Detailed specitficat ion
 

;ynthet ic s itut ion with average i npt -output coeffic ients 
at e.yistin le\'el of resource use and cropping pattern for 
each :ateqory ,of farm. 

Istimated with i mproved input-output coetficients by ising 
exist 	ing' c rop And requi red level of resources'o:pi pa t ter 

for each .at '>Qor' of i:ir .
 

Net return maNximiz.arina with risk cons:ideration'; and with 
corstrained i:hor and capital ava ilability. <:isk aversion
 
coe. 	 iciCnt.s f a 0.,, 0.50 and 0.0. for small, medium rod 
large farmers , re.spectively. luman labor availabiiity re
laxed by ]0, 15 	and 20!, on small, medium and large farms, 
respectively, in critical labor use period.8 Bullock
 
Availabilit' relaxed by 10, for all categorien; in critical
 
1abnr-use periods. Capital availabilitv up to exi stin 
us, for eachcategorv. 

Net return maximiZ tion with risk considerations and con
strained labor =,vailabilitv as in Model 3, but capital re
ase! up to Mhaximum Borrowing LWimitL applicable at present 

cropping e"rn le'vel for each category of iarii 

Net return t:aximizatior with risk cons iderat ions as in 
Model 41,hut human laIbor Av','a ilabi lit',y relaxed hv 20, 30 
and -W)I smali ium and lar pe , res pectivel. ; on ,,e ime faiu 

hu]lock labor ,': ilitv for each cateaili relixed by 2'. 
gory of farm in critical 1:0 or-is e periu.s. 

Net return maxim:i- tln wit h relaxed laor and capital 
av: lahilit.' :A n Mlo el 5, but without isk considerations.
 

Grn;s rturn maximization without risk considerations and 
witih relaxed labor And capital availability as in Model 6. 

acritical labor use :,riud, are as fillows:
 

IHmani ! bor inrd : 

period 2 

ber 


Bullock labor 	 period I 
.,eri., 2 

second '.eek of 	 une to Jul\' end 
second and third weeks of leprtember;
 
last week of s tu -,er to middl,: of December.
 

middle of .une to middle of jul);
 
last 	wep of' S: pto.mber to a iddlo of Iuc cuber. 

blMaximunII Borrnwing Limit if calculated on tic basis of maximum, credit limit pre
scribed for ach crp hv :iqtri Cent 1orative Bank, AWla and b' concr 
sidering existinQ cropping pattern. 
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maximization and risk aversion are seldom considered and maximizing expec
ted value of yield is the (perhaps implicit) objective. This gives Y7
 
level of yield per hectare.
 

Using the concepts given above, the potential yield gap (Y7-Y 1) at
 
the farm level can he attributed to the following factors:
 

I. 	 Profit-seeking behavior of the farmer with perfect knowledge and 
with indifferent attitude towards risk at a given level of
 
resources, i.e., 
the desire of the farmer to maximize pr fit 
rather than yields A-Y6) 

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

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

4. 	 .\llocative inefficiency, i.e., operating at a Invel of yield that
 
does not maximi:e prafit (Yg-2) subject to 
risk and resource con
straints.
 

5. 	 Technical inefficiency, i.e., not obtaining the potential yield

level at a given level of resources and existing resource alloca
tion -4 1 ,
 

IIl. AN APPLiCTMN
 

Technicallv-efficient set of coefficients were used to obtain solutions
 
for Model to Model 7 while Model 1 used the average sot of coefficients.12
 
Input coeM'l'ients were vonsidere, only for some critical resource con
stra i nts kein; in view the crop cultivation calendar in the region.
Requirements of other r,.orces that are aSumed to be not limiting were 
not spec! VI. However, thev ,ere ccounted for in the cash input calcu
lation. The cash inout v:alues were subtracted from the gross return 
values to irrive at net returns. Thus, the net returns represent income 
to the fixed and farmer's f'amilv-owned resources like land, famiiv labor, 
machines, tools, impamerc , fam bu ilding, etc. 

rorammin; problem
T 1he 	 involved 27 crop production activities -- the 
main crps e ing cotton, sorghum, black gram, chickpea, paddy, and ground
nuts -- be:s, e f ive lahor-hiri inc. activities, one cash-borrowing activitv. 

12. 	 The olutions for m.odel.s 3 to 7 were obtained by using the computel 
program WIhNFRO), available in the CRISP 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, 14 restrictions were 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 -ormat of the linear programming model is:
 

max. 	 U = c x 

subject to Ax v b
 
x 1 0
 

Where 	x is a vector of activity levels
 
I is a vector of returns
 
A is a matrix of resource requirements Dc technical coefficients
 
b is a vector of fixed resource and othr restrictions
 

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

The technolooy of each crop is identical acrobs farm size groups,
which means that the input-output matrix and objeccive function coefficients 
are identical for every firn, size group, 

There 	 is no moility of factors of production across farm size groups. 

Risk considerations are introduced via a model in terms of mean net
 
returns (I) :nad standard deviation of net returns (a):
 

max. 	 U = c x - I (ox) 

subject to 	 Ax b 
x 0 0
 

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

. is n risk-aversion coefficient of the farmer specifying 
his indifference/trade-off between net returns and risk. 
The coefficient is defined as the ratio of changes in the 
levlq of expected net returns (F) and standard deviation 
! U of net ret urns. 

I is a vector of standard deviations oi net return values. 

The model allows the farmer to maximize his expected net returns,
minus a risk term comprising a specific namber , 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 by

three-and-one-hal t times on medium farms, while it increases only by a
 
little more than one-and-one-half times on small and 
large farms. The
 
ftirst maior increasc for all these parameters occurs with Model 2, when
 
technicall y-efficient coefficients are used. Coefficients of variation
 
drop by more than 12 percentage points
 

in the case of Model 3 as compared with Model 2, on small and large

farms all the input levels as well as 
gross return levels decline, while
 
net returns 
increase si ightly with increased variability. Hence more
 
efficient allocation of resources results when the objective is to maxi
mize net returns. 
 This implies that after achieving technical efficiency

at point R (Fig. 
l, the producer moves downwards along the TV' 1 curve
 
in order to 
hcome allocatively efficient, subject to risk considerations.
 
In the case of mcdiam firms, Model 3 generates higher levels of net 
as
 
well as gross returns with lower inputs. This demonstrates a case of up
ward movemont 
I B to C in Fig. 3) along TVP I to achieve allocative 
efficiency. 
The second maior increase in all these parameters occurs when
 
the capital c nstraint is relaxed in Model 4. 
Thus, if one moves from
 
the a]loci,,elv efficient 
point under resource constraints to a relaxed
 
level of c:apita l, A substantial change in output level 
takes place. But
 
the relaxe.l level of labor along with capital (Model 5) does not ado

the leve s o! gross and net returns, except in the case of large faims

to
 

where A shows 
some positive contribution.
 

>cutral attitLudes of small and large farmers towards risk, depicted
by Model ", hi ft t he allocation pattern and bring more risky (coefficients

of varinti6n increase by 1713 and percentage points, respectively) but
 
high-return enterprise- into the plan, resulting in slightly increased
 
return4 lh,,er, these increases are 
smaller than those associated with
 
technical e fficiencv or capital access. About 12% 
of operated land on
 
large fAr.y 
remains fall ow when the farmer's indifference towards risk is 
caused b 'ipital restrictions. However, when the farmer is risk-averse,

the c. riskv cror activities allow him to achieve around 125% cropping
intensitv with, of cour.e, reduced levels of returns. On m~edium farms
the inrel;, in output it the level of indifferent risk attitudes is not 
signi cn:. This is because the enterprises chosen under Model 5 dominate 
all t o other enterprises. In other words, they yield sufficiently higher
returns than th, other alternatives so the trade off between expected net
 
return:; idiP s standard deviation at his level of risk aversion does not 
a ffect the al location pat-tern.1h, 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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isuprtitone it different predetermined factors i-n9
iTable.,' The :sf ix -;
!!: !sources" of 
yield gaps tested herne are: technical' inefficiency, ai1ocative i "i

),:. "inefficiency, 
 capital constraintsi labor restrictions,: risk aversion of ii
:;:! i/ the i-farmer and hiMs profit-seeking behavior. The po0tential gross" return: :'
 

::':,:. gapsare 73, 75 and 72% on 
small, mediumn and-.large farms,, respectively.17.
 

':! .
:' .. 
 The part ition reveals that capital is thei most importiant single con- ."/. :i
333.b ', 3 ::. e '33333.- "
:,. . ... -gap in
. sraint, contributing about 50% or,more of the
.. .. potential.. .ross.re- .. ..
tun.I Lshghest. in medium farms and lowest,on 'large 'farms, Thi 
 is. ....
...-.
:ii ,logical, 
a~s many ofthe other physical: "inputs-are expressed :in terms.of- ? i.

.:":" capital.i 
iIt-can also restrain labor: use through -the m'chanism of ::wage " :"L
 
~~payments, to, hired, labor,. The second :important gap: component iis 'farmers'! " :
 

't~ack of technical efficiency,
..... .t.the Here the gap r-!nges from: 31% on the-small1
arm.. larg rm 3) 
-Laboi3.constraints do not-create
3(Table 


3-
33. ,(:3. ,any gapotntion3 smallal' g'rosandrsmedium:dehostatmx.iiggrs-reunfarms but ceaus~e about a-2% oUl.puft gap, onlarge...:;k-
:,:: farms.- The-attitude of the farmer towards risk is 
mor~e important' on smalli ,
::- ::.farms,: followed by .large far:ms,-and is of negligibie: imp'ortan':de~onmedium !!i
 
- :: :farms, This. is,because the< constrained levels of, laIor 'and,capital do inot .'i ii
 
: ) • permit the medium farmer: to opt for-alt ernat ives- other) thfan those !under',) : :''

" his earlier plan at his level of risk aversion.:: The" decision ;in: fixing. 
 ~ .::' " the resource constraint levels might lead to these results. Hence: the "'
 
• i .interpretation 
 of the result- depends on how realiistic are the constraints. :

.L~
::-:.The gap due to allocative inefficiency is-relatively smalli on. all farms. ,.- "
 
' .:;:.'.The
linearity assumption of the models does not allow us 
to: find the "
 
: . magnitude of yield gaps arising :from th e profit-seeking behavior of the: :/. i:'
 
---! :farmer. Models that take into accountinonlinear relationships would 
... ..
 

':::' 17.' This is the difference between,actual gross returns :(Model 1),'and 
.(" _iiii:!
ooplemetary
aotdtis l sa lr expressed asa percentage of
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Table 3. 	Partition of yielda gap into various components on different 
size farms in Akola region (Q). 

Farm size 
Our& of gap Small Medium Large 

Gross Net Gross Net Gross Net 
returns returns returns returns returns returns 

Technical inefficiency 31 31 33 34 50 48 

Allocative inefficiency -3b 1 6 11 -4 b 6 

Capital con:tra i nts 59 53 61 55 48 40 

Labor constraints 0 0 0 0 2 2 

Risk aversion 13 1s 0 0 4 4 

Profit-seeking behavior 0 0 0 0 0 0 

Potential percentage gap 73 78 75 80 72 78 

aOutput gap due to each source is measured as percentage of the potential 

gap. 

bNegati'e 	 sign of gross return gap on-small and large farms does not indicate 
negat ie K>)ntrihut i on f al locat ive inefficiency; the absolute value 
indi:tes 	the allocative inefficiency. 



CONCLUSION 

The use of nathematical proqramming models to analyze yield gaps at farm 
leve., rather than to analz \'i rd ?ups of individual crops, is more 
appropriate n zhe na qe o f ra in Ced N,, ricuI!tre. The exiv;ence of tech
nical HI-Aency su e-sts n need Or inrovemient in the oxtension 
.:ervicc, :i:. " mannoment i I Fl Firmer., The importance ofof th 

capital qc. r: y i y ie' a ,,p emph 3izes the potential of credit agencies
and calk:- for resurch on labor-u. q and capitat-savin technologies for 
labor-su~rni .:2aonrcaies. 
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