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T H E  P O T E N T I A L  P C  M A T ~ E M A T I C A L  P R O G R A M M I N G  F O R  T H E  A N A L Y S I S  OF 

Y I E L D  >4"5 I\ S E M I - A R I D  T R O P I C A L  A G R I C U L T U R E *  

INTRODUCTION 

The r o l e  of  technology development and ~ t s  t r a n s f e r  In agricultural deve- 
lopment 1 s  noh well  recognized. tiohever, ~t has heen observed t h a t  t h e  
performance o f  t echnolog)  on fa rmerq '  f l e l d s  1 5  not  a s  satisfactory a s  a t  
experiment s t a t l o n s .  Though some farmers  a r e  a b l e  t o  ach leve  hlgh y l e l d s  
on t h e l r  f a n s ,  t h e )  qeldom, l f  e v e r ,  reach t h e  l e v e l s  a t t a ~ n e d  a t  e x p e r i -  
ment s t a t l o n s .  The f o l l o k l n g  f a c t o r <  may influence such gaps: (11 non- 
t r a n s f e r a b l e  components o f  t echnologb ,  ( 1 1 1  environmental variations, 
(111) p h y s i c a l  o r  h l o l o g l ~ n l  constraints, and j i v l  socloeconomlc con- 
s t r a i n t s .  

C o n s t r a i n t  a n a l y s i s  r e s e a r c h  t r i e s  t o  i d e n t i f y  t h e  f a c t o r s  caus ing  
t h e  gaps and a l s o  t o  q u a n t i f y  t h e  magnitude o f  t h e i r  c o n t r i b u t i o n s .  The 
f i n d i n g s  o f  such r e s e a r c h  have manv i m p l i c a t i o n s  f o r  p o l i c y  formula t ion  
aimed a t  alleviating t h e  c o n s t r a i n t s  caus ing  t h e  y i e l d  gaps.  The r e s u l t s  
a l s o  have i rnp l ica t lons  f o r  r e s e a r c h  t o  modify technology so a s  t o  reduce 
gaps .  

The I n t e r n a t i o n a l  Rice Research I n s t i t u t e  ( I R R I )  has  pioneered a  
methodology t o  i d e n t i f y  y i e l d  gap f a c t o r s  and e s t i m a t e  t h e i r  magnitudes 
i n  r i c e  p roduc t ion  (De Dat ta  e t  al., 1978) .  The t o t a l  y i e l d  gap i s  con- 
c e p t u a l l y  d iv ided  i n t o  two components: Gap I ,  between experiment s t a t i o n  
v i e l d  and p o t e n t i a l  y i e l d  a t  t h e  farm l e v e l ;  Gap 11, between p o t e n t i a l  
and a c t u a l  y i e l d  a t  t h e  farm l e v e l .  Gap I has  d i r e c t  i m p l i c a t i o n s  f o r  

* T h i s  i s  a r e v i s e d  v e r s i o n  of t h e  paper p r e s e n t e d  a t  t h e  Working Group 
Meeting on Yield Gap Analys i s  f o r  Dryland Crops,  o rgan ized  j o i n t l y  by 
t h e  A l l  Ind ia  Coord ina ted  Research P r o j e c t  f o r  Dryland A g r i c u l t u r e ,  
Hyderabad, and t h e  I n t e r n a t i o n a l  Crops Research I n s t i t u t e  f o r  t h e  Semi- 
Arid Tropics  ITCRISAT) , Patancheru,  A .P . , dur lng  17-23 February 1980. 
T h i s  paper  r t c e i v e d  ICFISAT J o u r n a l  A r t i c l e  No. 186. 

t Economist ,  I n t e r n a t i o n a l  Crops Research I n s t i t u t e  f o r  t h e  Semi-Arid 
T r o p i c s  (ICRISAT) , Patancheru ,  Andhra Pradesh,  I n d i a .  The a u t h o r  i s  
g r a t e f u l  t o  James Ryan, M a t t h i a s  von Oppen, Hans Binswanger, ~ a y a n a t h a  
Jha ,  Brian Hardaker ,  J e r e  Behrman, and anonymous rev iewers  f o r  t h e i r  
v a l u a b l e  cormnents and s u g g e s t i o n s .  He is t h a n k f u l  t o  Usha Rani , ~ d  
M o h m e d  Nayeemuddin f o r  computat ional  a s s i s t a n c e .  



r e s e a r c h  and thuq f o r  t h e  development of  nek technology .  Gap I 1  dea l :  
with t h e  r e a l l t ~ t l o n  of t h e  p r o d u i t l o n  p o t e n t l a l  a t  farm l e v e l  w ~ t h  a  
given technolog \  Gap I I cnn be i u r r h e r  d ~ v ~ d e d  I n t o  two components. 
(1) t h a t  caused '.y b r o l o g i c n l  c o n < t r , J l n t s ,  and 2 )  t h a t  caused by s o c i o -  
economic c o n s t r a l q r s .  

4 wide range  of  t echniques  has heen employed t o  a n a l y z e  y i e l d  gaps - -  
such a s  s lmple t a b u l a r  anal! .s ls ,  anal!'is of v a r i a n c e ,  m u l t i v a r i a t e  
r e g r e s s i o n  a n a l y s i s .  p r o d i ~ s t i o n  f u n c t l o n  n n n l y s i s ,  e t c .  Thc use of  whole- 
farm-household anal!.?,i r t o  rinderstand and nleasilre v a r i n t  i o n s  In i n p u t s  
t h a t  cause  y i e l d  g a y  h:ls a l s o  heen suggeqteci ( F l i n n ,  1 The approach 
of  whole-farm-house'lnld anal!.sis hccomes more r e l e v a n t  In regions where 
r a i n f e d  a g r l c u l  t u r e  : s prcdomlnant . Hesides alternative o p p o r t u n i t i e s  
a v a i l a b l e  f o r  t h e  emplo>ment of  f ; i rmers '  r e s o u r c e s ,  ( a s  in  o t h e r  r e p l o n s )  
many c r o p s ,  c r o p  mlxturcq snJ c rop  rotations a r e  a l s o  involved i n  farming 
In  t h e  ra i r i fed  s ~ t u a t l o n .  In a d d i t i o n  t o  e r r a t i c  wea ther ,  t h e s e  reg ions  
a r e  c h a r a c t e r i z e d  hy . I  s u h ~ i s t ~ n c c  thpc  of farming t h a t  r e q u i r e s  an under- 
standing of many complcx decis ion-making p r o c e s s e s .  The a g r o c l i m a t i c  
environment a1 so  s u t - j e c t s  Farmers t o  s u b s t a n t i : ~ l  r i s k s .  

The o b j e c t i v e  of t h i s  paper i s  t o  propose and demonstrate  t h e  use of  
a  who1 c-farm model l  ing :ipproach hased on mathemat i c n l  p ~ o ~ r a m m i n p ,  ' t o  
p a r t i t i o n  Yie ld  Gap T I ,  a t r r i h u t a h l e  t o  soc~occonomic  f a c t o r s  in  r a i n f e d  
a g r i c u l t u r e .  Thc f ~ r s t  s e c t i o n  of t h e  paper  d e a l s  with e x i s t e n c e  of y i e l d  
gaps ,  expressed  i n  v a r i o u s  ways, in  d i f f c r e n t  crop p r o ~ i u c t i o n  a c t  i v i t  i es  
i n  t h e  s tudy  1 0 e a t i o n . ~  I t  a l s o  t r l e s  t o  e x p l a i n  them in terms of input  
gaps .  In t h e  second s c i t l o n ,  t h c  proposed models and concepts  a r e  d i s -  
c u s s e d .  The t h ~ r d  s e c t ~ o n  demons t ra tes  t h e  use of  a mathematical  
programming technlquc  jn hreaklng y i e l d  g a p  i n t o  components by us ing  
a c t u a l  input -ou tpu t  da ta  and by cons i d e r i n g  e x i s t i n g  r e s o u r c e  and o t h e r  
constraint leve l  s .  

i .  Y I E L D  S A C S  14 R A I N F E Z  A G R I C U L T U R E  

As p a r t  of  ongolng r e s e a r c h  a t  ICRISAT f o r  assessing technology o p t l o n s  
a v a i l a b l e  t o  semi-a r id  t r o p l c a l  f a r m e r s ,  d i f f e r e n t  c r o p - p r o d u c t ~ o n  a c t i v i -  
ties have been i d e n t i f i e d  f o r  two v l l l a g e s  i n  t h e  4hola district. These 

1. M a t h e m a t i c a ~  programming 1s a  g roup  of t echniques  used f o r  computing 
t h e  s o l u t i o n  of e q u a t i o n s  based on t h e  o b j e c t i v e  f u n c t i o n  of an 
economic e n t i t y .  The group i n c l u d e s  Linear  programming, n o n l i n e a r  
programming such a s  q u a d r a t i c  p r o g r a m i n g ,  s t o c h a s t i c  programming, 
p a r a m e t r i c  programming, e t c .  

2 .  The Akola d i s t r i c t  of Maharashtra  S t a t e  i n  I n d i a  i s  used f o r  t h i s  
s t u d y  where ICRISAT's Ecommics Program h a s  conducted v i l l a g e - l e v e l -  
s t u d l e s  over  s e v e r a l  y e a r s  iJodha e t  0 1  . ,  1977) .  



a c t i v i t i e s  o r  p rocesses  a r e  mainly based on c rops ,  crop v a r i e t i e s ,  crop 
mix tures ,  crop r o t a t i o n s ,  f e r t i l i z a t i o n  l e v e l s ,  i r r i g a t i o n  l e v e l s ,  s o i l  
t y p e s ,  e t c .  S y n t h e t i c  input -output v e c t o r s  were developed f o r  each process  
by averaging o v e r a l l  farmcr p l o t s .  The d a t a  used f o r  t h i s  purpose p e r t a i n s  
t o  t h e  1 9 7 6 - Y  a g r i c u l t u r a l  y e a r .  In t o t a l  l h  c rops  have been used here 
f o r  comparison purposes.  !lowever, t h e  f l n a l  y i e l d  gap breakdown, using 
mathematical programming, ;ons iders  a  l a r g e r  s e t  o f  2' processes .  

In o r d e r  t o  ac ' l l e \e  1 " t e c h n l c a l l v  most e f f l c ~ e n t "  ~ n p ~ t - o u t p u t  vec tor  
from among t h e  s v a ~ l a h l e  p lo t  under each process ,  t h e  criterion of max~mum 
ne t  r e t u r n s  per  h e c t a r e  n l r r  v . i r ~ a h l c  co5t ha? heen u5ed:' Ihrls f o r  each 
process  one p l o t  1s s e l e c t e d  whoqe Input -output r e l d t  lor1 h,i\ Iwen ~ \ s u m e d  
t o  be t e c h n l c a l l \  e f f l c ~ c n t  over o t h e r  p l o t s  of  t h e  same p r o c e \ <  ' T h ~ s  
g l v e s  ano ther  s e t  of v e c t o r s  f o r  a11 t h e  def lned  processes  t h a t  represen t  
t e c h n l c a l l \  e f f l c ~ e n t  means of  production. 

Examination of  a  s i n q l e  crop situation f o r  gap a n a l y s i s  wi l l  make i t  
easy t o  express  t h e  gcip ;n terms of physlcal  y i e l d s .  liowever, in ti 

s i t u a t i o n  in which o u t p u t ?  cons l s t  of  d i f f e r e n t  main products  and 
by-products ,  y i e l d  caps rnl!st be measured ~n terms of  e i t h e r  g ross  o r  net 
r e t u r n s  In monetary terms per  uni t  of  l and .  This  i s  p a r t i c u l a r l y  re levan t  
when t h e  whole-farm-ho~isc>hold nppro;ich i s  t o  he adopted f o r  gap a n a l y s i s .  

' i ' leld gaps In terms o f  t h e  main produc t5  between "technlcrr l ly  
e f f i c i e n t "  p l o t s  and "a \e ragc"  plt.)ts 0 i c l d  Cap 111 a r c  p resen ted  in 
Table 1 .  The highest  percentage >. lcld g a p  was observed f o r  loca l  c o t t o n ,  
and t h e  lowest f o r  t h e  ,qorghim-chickpea r o t a t  Ion.  Among c o t t o n  i)roct.sses, 
t h e  y i e l d  gap was between hi1 and 'O', in t h e  case  of  s o l e  c o t t o n ,  hut i t s  
magnitude was lowest i n  t h e  case  oE co t ton  mixtures. Caps i n  sorghum and 
sorghum m l s t u r e s  ranged from !b t o  5 . j r : , ,  Local paddy and groundnut when 
grown a s  s o l e  crops had relatively small y i e l d  gaps .  

3 .  Technical e f f i c i e n c y  r e f e r s  t o  t h e  proper choice of product ion func t ion  
among a l l  those  a c t j v e l y  I n  use by farms i n  a g r i c u l t u r e  ( F a r r e l l ,  1957) .  
Here " e f f i c i e n t  p l o t "  f o r  each c rop  product ion a c t i v i t y  i s  t h e  one w i t h  
t h e  h ighes t  ne t  r e t u r n s  t o  f l x e d  r e s o u r c e s .  

4 .  The s e t  of chosen v e c t o r s  need no t  n e c e s s a r i l y  be r e a l l y  t e c h n i c a l l y  
most e f f i c i e n r ,  a s  mant! o t h e r  p o s s i b l e  r e l a t i o n s  between input -ou tpu t  
c o e f f i c i e n t s  might no: have been observed,  and t h e  use of d i f f e r e n t  
c r i t e r i a  might g i v e  d i f f e r e n t  v e c t o r s .  However, i n  t h e  absence of t h i s  
information one can accep t  t h i s  s e t  a s  a  r e a l i s t i c a l l y  a t t a i n a b l e  
approxima t i o n .  

5 .  I n  c a s e  of c r o p  mix tures  and c r o p  combinat ions,  main product  y i e l d  i s  
a  s imple a d d i t l o n  of main product  y i e l d s  of i n d i v i d u a l  c r o p s .  



T a b l e  1 .  Percen tage  y i e l d  and inpu t  gaps between e f f i c i e n t  p l o t s  and 
average  p l o t s  f o r  important  c r o p s  and c r o p  combina t ions  i n  
.Akola r e g i o n ,  1P 'b - - - .  

Fe rcen tage  gapsa 
Crop Main p r o -  Net Cash 

duct  y i e l d  r e t u r n s  input  

Cot ton  ( L 1  - - 
h 3 8 4 

Cot ton  (tl (1 .i t, - 4 .? 

Cot ton  ( L 1  + pigeonpea 4 5 50 ? 8 

Cot ton  (L) + pigeonpea + sorghum [L i J ,' 4 8 -I - 
Sorghum I L 1 5 3 St) 1 1  

Sorghum (HI 4 !I 4 h - 5 3  

Sorghum i L  I + pigeonpea '1 0 39 -129 

Sorghum 1 1. 1 + jir ?en grai11 I h 4 5 1 

Sorghum il. + h l a c 4  g r a m  + p l g e o n p c . ' i  3 ' .; I 0 

Sorghum (1. + b l a c k  cram + ~ r c c n  ;ram 2 0  ,' 5 37 
+ 1, i gconl?c.:! 

( >  Sorghum ( 1 1 1  f o l l o w e d  by :hishpca 
- - 

Paddy I L I 1 3  15 - 7  

Paddy [L) fol lowed by c h ~ c h p e a  5 5 52 5 1 

Groundnut - ,  7 7 3 9 - 7 
-- 

Average 3 2  4 5 7 

L = Local v a r i e t y ;  H = H l g h - y i e l d l n g  v a r i e t y .  

a ~ e r c e n t a g e  gap c a l c u l a t i o n s  a r e  always made by us ing  e f f i c i e n t  p l o t  
f i g u r e s  a s  t h e  b a s e ,  i r r e s p e c t i v e  of p o s i t i v e  or  n e g a t i v e  gap v a l u e s .  



I t  i s  c i e a r  t h a t  t h e  p a t t e r n  of net  r e t u r n  gaps i s  s i m i l a r  t o  t h e  
p a t t e r n  o f  main product yle!d yaps (Table 1 )  . However, t h e  percentage 
gap f i g u r e s  f o r  net  r e t u r n s  i n  (nany crop product ion processes  a r e  h igher  
than t h e  main product y i e l d  gaps ,  which imply p r o p o r t i o n a t e l y  higher  
l e v e l s  o f  v a r i a b l e  cash i n p u t s  on processes  w i ? h  averagr  t e c h n i c a l  e f f i -  
c iency .  An important i n f e r e n c e  drawn from t h i s  t a b l e  1s t h a t  t h e  per -  
centage net  r e t u r n  gap f i g u r e s  a r c  h igher  f o r  s o l e  c rops  than t h e  c rop  
mix tures  dominated by t h e  same s o l e  c r o p s .  

For f i v e  p rocesses  t h e  ca;h input \aas  wcrc n e g a t i v e ,  c o n s i s t e n t  
with our  e a r l i e r  con ten t ion  t h a t  a  g r e a t e r  cash input i s  uqed on processes  
with average technical e f f i c i e n c y  ('I'ahle I I .  I n  t h e s e  c rops  t h e  p o s i t i v e  
gaps i n  y i e l d s  do not n e c e s s a r i l y  a r i s e  h e c a u ~ c  of g r e a t e r  cash inputs  
on s e l e c t e d  p l o t s .  Therefore ,  t h e r e  must he o t h e r  f a c t o r s  causing t h e s e  
y i e l d  gaps .  For a l l  four  co t ton  activities t h e  gaps were p o s i t i v e  but 
var ied  widely from 27 t o  84'0. in t h e  c a s e  of a sorghum and sorghum 
mixture a c t l v i t i e 5  cash i n p u t s  were h igher  f o r  aver:ige p l o t s  than f o r  
t e c h n i c a l l y  e f f i c i e n t  p l o t s .  The range was froni - 1 2 9  t o  31'; .  

To conc lude ,  average y i e l d  gaps ,  when measured In term< of  physical  
y l e l d  and net r e t u r n s ,  a r e  observed t o  bc 4 2 4  and 3 5 0 ,  r ~ s p e c t l v e l y .  The 
p i c t u r e  15 different in t h e  saLc of  cash lnput gaps,  t h e  nverage ~ a p  f o r  
a l l  a c t l v i t ~ e s  belng onl \ .  'O0. The d l f f e r c ~ n c c ~  111 rhc m a g n ~ t i ~ t l c  of y i e l d  
and input  gaps f o r  d t  I c a \ t  sonic. c rop  a c t l v l t ~ c \  <uggc\ t  t t u t  o t h e r  
f a c t o r s  mlght be respon5il) le  f o r  t h e s e  gaps ,  iuch f ' ic tor5 m ~ g h t  l ~ e  
a l l o c d t l v e  ~ n e f f ~ c l e n c ! ,  hurn'ln , ~ n d  hullocl.  l abor  ~ n p u t  l c l c l \ ,  pes t  and 
d l s e a s e  ~ n c i d e n c e ,  management ski 115, f a r m e r s '  attitudes towards r~ sh ,  
e t c .  

11. CONCEPTS OF Y I E L D  G A ?  P A R T  i T l O N  A T  F A R M  L L V C L  

In t h e  IRRI-type of  gap a n a l y s i s  f o r  cxp la in inf i  y i e l d  g a p s ,  d : ~ t a  a r c  
genera ted  through complete f a c t o r i a l  and m i n i f a c t o r i a l  t r i a l s  and can be 
analyzed by conventional  a n a l y s i s  of  var iance  techniques  t o  determine 
i n d i v i d u a l  and j o i n t  c o n t r i b u t i o n s  o f  t h e  var ious  f a c t o r s  ( l ~ e  I la t ta  c t  al., 
1 9 7 8 ) .  P a r t i a l  budgeting approaches have a l s o  bccn suggested t o  compare 
a l t c r n a t  ive management p r a c t i c e s  and in t u r n  t o  unclerstclnd t h e  economic 
i n c e n t i v e s  f o r  c u l t i v a t i o n  of t h e  a l t e r n a t ~ v e  c rops .  In o rdcr  t o  under-  
s tand  t h e  e f f e c t  of var ious  f a c t o r s  on input use  and thereby on y i e l d  
l e v e l s ,  r e g r e s s i c n  a n a l y s i s  can a l s o  be used .  

6 .  Cash l n p u t  l n c l u d e s  pxpendlture on seeds, f e r t i l i z e r s ,  p e s t i c i d e s ,  
i n s e c t i c i d e s  and farmyard manure. 



Fl inn  (19'9) argued t h a t  a n a l y s i s  would have t o  be conducted a t  t h e  
l e v e l  a t  which d e c i s i o n s  on resource  a l l o c a t i o n  a r e  made, i . e . ,  a t  t h e  
household l e v e l .  He po in ted  out two i m p l i c a t i o n s  o f  t h e  c r o p - s p e c i f i c  
focus  a s  opposed t o  farm-household a n a l y s i s .  F i r s t ,  i n  p a r t i a l  budget 
a n a l y s i s  i t  i s  p o s s i b l e  t h a t  t h e  v a l u e s  o f  r e s o u r c e s  t o  t h e  farmer d i f f e r  
from market p r i c e s  assumed in t h e  a n a l y s i s .  Second, t h e  r e a l  s i t u a t i o n  
i n  which f a n n e r s  make decisions ( imper fec t  knowledge, l i m i t e d  resources ,  
a v a i l a b i l i t y  o f  c a p i t a l  and l a b o r ,  r i s k  avoidance,  management s k i l l ,  e t c . )  
may be i n s u f f i c i e n t l y  captured i n  a  c rop  product ion funct ior ,  anal  y s l s .  
He went on t o  suggest t h a t  i n s t e a d  of  p o s i t i v e  r e g r e s s i o n  a n a l y s i s  nor -  
mative models could he used,  i f  designed t o  s imula te  an i n t e g r a t e d  a n a l y s i s  
of  t h e  o b j e c t i v e  o f  t h e  farmer,  h i s  resource  h a s e ,  product ion a l t e r n a t i v e s ,  
h i s  commitment of  resources  and produce t o  t h e  needs of t h e  f a m i l y ,  farm 
and nonfarm a c t i v i t i e s ,  and t h e  market .  

The approach of  whole-farm-household a n a l y s i s  i s  e s p e c i a l l y  re levan t  
i n  t h e  c a s e  of  r a i n f e d  a g r i c u l t u r e  i n  t h e  semi-ar id t r o p i c s  where a s  many 
a s  7 9  c r o p s ,  crop combinat ions and r o t a t i o n s  may hc included in t h e  farm- 
i n g  systems o f  a  s i n g l e  v i l l a g e  (,Jodha, 1977'1. Furthermore, a s  i n  t h e  
o t h e r  c l i m a t i c  zones,  farmers  may have a l t e r n a t i v e  uses  f o r  t h e i r  r e s o u r c e s .  
Even f o r  monocropping a r e a s ,  Herdt and Mandac 119?91 emphasize t h e  r o l e  of 
d i f f e r e n c e s  in  r e a l  p r i c e s  of  i n p u t s  and o u t p u t s  i n  cietermlning fa rmers '  
inpu t  use and t h e r e f o r e  y i e l d  gaps .  A s i m i l a r  l o g i c  appl  i e s  when farmers 
have many alternative uses f o r  t h e i r  r e s o u r c e s  and t h e  marginal value pro-  
duct of each one of  them v a r i e s ,  the reby  causing varying input use l e v e l s  
and gaps.  The i s s u e  of  r e a l  p r i c e s  i s  f u r t h e r  complicated where s u b s i s t -  
ence o r  semi-subs i s tence  farming may be p r a c t i s e d  t o  meet household 
consumption needs o r  t o  minimize r i s k  a r i s i n g  from y i e l d  and p r i c e  v a r i a -  
t i o n s .  The e x i s t e n c e  of  segmented labor  markets i n  t h e s e  a r e a s  I S  another  
source  of  c ~ m p l e x i t ! ~ .  In o r d e r  t o  cover  a l l  of  t h e s e  e f f e c t s ,  t h e r e  i s  a  
need t o  c o n s i d e r  a l l  t h e  a c t i v i t i e s  of a f a n c r  and t o  measure t h e  y i e l d  
gap a t  t h e  farm l e v e l  per un i t  of f ixed  resources  a s  opposed t o  t h e  y i e l d  
gap o f  an ~ n d i v i d u a l  c rop .  

Fqr t h i s  work I have used mathematical programming ( l i n e a r  p rogra-  
mming) models t o  ana lyze  t h e  y i e l d  gap, expressed i n  terms of  g r o s s  r e -  
t u r n s  per  h e c t a r e .  My a n a l y s i s  i s  a long t h e  l i n e s  suggested by tierdt and 
Mandac ( 1979 ) ,  who formulated a  model t o  s p l i t  t h e  y i e l d  gap i n t o  f a c t o r s  
such a s  p r o f i t - s e e k i n g  behavior ,  a l l o c a t i v e  i n e f f i c i e n c y  and t e c h n i c a l  
i n e f f i c i e n c y .  

7 .  One can use more complicated tec.hniques of rnathematlcal p r o g r a m i n g ,  
a s  f o r  i n s t a n c e  q u a d r a t i c  p r o g r a m i n g  (Markowitz, 1959) o r  MOTAD 
programming (Haze l l ,  1971) which a l l o w  one t o  d e a l  r i g o r o u s l y  with 
r i s k  i n  t h e  e n t e r p r i s e  r e t u r n s .  However, t h e s e  techniques  need a c c e s s  
t o  r e l i a b l e  computer programs and e n t a i l  l a r g e  d a t a  assembly and 
computat ional  c o s t s .  



A l l o c a t i v e  ( o r  p r i c e )  e f f i c i e n c y  and t e c h n i c a l  e f f i c i e n c y  a r e  two 
components o f  o v e r a l l  economic e f f i c i e n ~ ! . ~  Technical  i n e f f i c i e n c y  can 
r e s u l t  from f a c t o r s  t h a t  a r e  w;.thin t h e  f a r m e r ' s  management c a p a c i t y ;  i t  
can a l s o  be due t o  f a c t o r s ,  both physical  and s o c i a l ,  over which he has 
no c o n t r o l .  P r i c e  o r  a l l o c a t i v e  i n e f f i c i e n c y  r e s u l t s  from suboptimal 
input  combinat ions.  Tota l  economic e f f i c i e n c y  i s  inf luenced f i r s t  by 
environmental c o n s i d e r a t i o n s  and second by f a c t o r s  o p e r a t i n g  a t  t h e  
ind iv idua l  o r  group l e v e l .  The environment c o n s i s t s  o f  f a c t o r s  t h a t  a r c  
e x t e r n a l  t o  t h e  farmer and t h a t  i n f l u e n c e  h i s  J r c i s i o n  hut :re not under 
h i s  c o n t r o l  (such a s  t h e  i n f r a s t r u c t u r e  a v a i l a b l e ,  n a t u r e  of  f a c t o r  
markets ,  i n s t i t u t i o n a l  s t r u c t u r e ,  e t c . )  , The model proposed here can 
a t t r i b u t e  y i e l d  gaps t o  t e c h n i c a l  and a l l o c a t i v e  i n e f f i c i e n c i e s  only a t  
t h e  i n d i v i d u a l  l e v e l  . 9  

I e a r l i e r  descr ibed  " t e c h n i c a l l y  e f f i c i e n t "  vec tors  and "average" 
v e c t o r s  f o r  d i f f e r e n t  crop product ion processes  in  t h e  Akola reg ion .  The 
d e t a i l e d  s p e c i f i c a t i o n s  of v a r i o u s  models t o  be opt imi-ed a t  d i f f e r e n t  
c o n s t r a i n t  l e v e l s  based on t h e s e  two s e t s  of c o e f f i c i e n t s  a r e  givcn i n  
Table  2 .  The s p e c i f i c a t i o n s  a r e  given by farm s i z e  t o  account f o r  
r e s o u r c e  endoment  d i f f e r e n c e s .  

Yodel 1  g i v e s  e x i s t i n g  l e v e l s  of g r o s s  r e t u r n s ,  while Model 2 
e s t i m a t e s  g r o s s  r e t u r n s  from e x i s t i n g  cropping p a t t e r n s  using t e c h n i c a l l y -  
e f f i c i e n t  c o e f f i c i e n t s .  Yodel 3 cons iders  r i s k s  a r i s i n g  out of  net  r e t u r n  
v a r i a b i l i t i e s  and a t t i t u d e s  of  t h e  fanners  towards r i s k , 1 °  and o p e r a t e s  

8 .  The au thor  i s  aware of t h e  f a c t  t h a t  ' e f f i c i e n c y '  can on ly  be measured 
according t o  some s p e c i f i c  criterion. Thus t h e r e  a r e  semantic d i f f i -  
c u l t l e s  In  d i s c u s s i n g  gdps i n  terms of e f f i c i e n c y  or  i n e f f i c i e n c y  when 
p a r t  of t h e  gap a r i s e s  from cholcc  of d i f f e r e n t  o b j e c t i v e  func t ions  
v i z . ,  maxlmlzation of g r o s s  o u t p u t ,  maximization of expected p r o f i t s  
o r  maximization of expected u t i l i t y ,  However, t h i s  e x e r c l s e  i s  based 
on t h e  assumption t h a t  f a r m ~ x s  aim t o  maximize expected p r o f i t .  

9. In o r d e r  t o  f i n d  ou t  t h e  n a t u r e  and sources  of economic e f f i c i e n c y  i n  
terms of  an 'op t imiz ing  model, ' Sampath (1979) used t h e  l i n e a r  
programming technique .  

10. Risk a v e r s i o n  c o e f f i c i e n t  has been def ined  a s  t h e  r a t i o  of changes i n  
t h e  l e v e l s  of e x p e c t e d n e t  r e t u r n s  (El and s tandard  d e v i a t i o n  ( a )  of n e t  
r e t u r n s .  Risk avers ion  c o e f f i c i e n t s  f o r  v a r i o u s  c a t e g o r i e s  of farms 
a r e  taken from Binswanger ( 19E:)). The semi-ar id t r o p i c a l  farmers  were 
found t o  be m d e r a t e l y  r i s k - a v e r s e  without  any s i g n i f i c a n t  d i f f e r e n c e s  
i n  c o e f f i c i e n t s  of v a r i o u s  c a t e g o r i e s  of  farms.  Never the less ,  we 
assume decreas ing  r i s k  a v e r s i o n  a s  farm s i z e  i n c r e a s e s  and s e t  t h e  
c o e f f i c i e n t s  a t  0.66, 0.50, and 0.33 f o r  s m a l l ,  medium and l a r g e  fanns ,  
r e s p e c t i v e l y .  The c o e f f i c i e n t s  a r e  s e t  a t  t h e s e  l e v e l s  because 
Binswanger found that about  80% of a l l  f anner  respondents  came under 
t h e  two  c e n t r a l  r i s k  avers ion  c l a s s e s  -- i n t e r m e d i a t e  and moderate -- 
which r e p r e s e n t  r i s k  avers ion  i n  t h e  range of 0.66 and 0.33. 



Table 2 .  Detai led  s p e c i f i c a t i o n  of models used f o r  y i e ld  gap a n a l y s i s .  

'Ze1 Method Deta i led  s p e c i f i c a t i o n  

1 .  Es t imat ion S!-nthetlc s l t u a t l o n  wlth average  ~ n p u t  -output coef f l c l e n t 5  
from sample a t  e x l s t i n g  level  of resource  use and cropplng p a t t e r n  f o r  

each :ategory o f  farm. 

2 ,  Est imat ion Estimated with improved lnput-output  c o e f f i c i e n t s  by using 
from sample e x i s t i n g  c r o p p ~ n g  p a t t e r n  and required  level  of resources  

f o r  each ca t ego ry  of fsrni. 

3 .  Llnear  program- k e t  r e t u r n  m a x l m ~ z a t ~ o n  with r l s L  c o n s ~ d e r a t ~ o n s  and k i t h  
mlng s o l u t l o n  constrained labor  and c a p l t a l  a v a i l d b i l i t y .  Rlsk dversion 

c o e f f l c l e n t s  of O.hh, 0 .5C and 0.53 f o r  smal l ,  medlum and 
l a r g e  farmers ,  respectively. Human labor a v a l l a b i l ~ t y  r e -  
laxed by 1 0 ,  15 and 20: on smal l ,  medlum and l a r g e  farms, 
r e s p e c t ~ v e l y ,  In c r l t i c a l  labor  use per lod V ~ l ~ l l o c l  
a v a i l a b l l l t y  re laxed by 10% f o r  a l l  c a t e g o r i e s  In c r i t l c a l  
labor-uqe p e r l u d s .  C a p ~ t a l  a v a i l a b l l l t y  up t o  e x l s t ~ n g  
use f o r  each ca t ego ry .  

4 .  Linear  program- Net r e t u r n  maximization with r i s k  cons ide ra t ions  and con- 
ming s o l u t i o n  s t r a i n e d  l abo r  a v a i l a b i l i t y  a s  i n  Model 3 ,  but c a p i t a l  r e -  

laxed up t o  Maximum Borrowing ~ i m i t ~ )  a p p l i c a b l e  a t  present  
cropping p a t t e r n  l eve l  f o r  each ca tegory  of f a n .  

5 .  Llnear program- Net r e t u r n  max lmlza t~on  wlth r i s k  c o n s ~ d e r a t ~ o n s  a s  In 
mlng s o l u t l o n  Model 4 ,  hut human l abo r  a v a l l a b i l l t y  re laxed by 2 0 ,  31) 

and 40°0 on smal I ,  medium and l a rge  farm\ ,  respect  ~ v e l y ,  
bul lock lhhor a v a i l a b l l l t y  re laxed by 10'" f o r  each c a t e -  
gor)  of farm I n  c r l t ~ c a l  labor-use  per lods  

6. Linear  program- Fet r e t u r n  maxlm~zat ion  with r e l axed  l abo r  and c a p i t a l  
ming s o l u t i o n  a v a i l a b i l i t y  a s  in Model 5 ,  but without r i s k  cons ide ra t ions .  

7 .  Linear  program- Gross r e t u r n  maximization without r i s k  cons ide ra t ions  and 
ming so lu t ion  wlth re laxed l abo r  and c a p i t a l  a v a i l a b i l i t y  a s  i n  Model 6 .  

' c r i t i c a l  l abo r  use  per iods  a r e  a s  fo l lows:  
Human l abo r  per iod ' second week of June  t o  J u l y  end; 

per iod  2 second and t h i r d  weeks o f  September; 
period 3 l a s t  week o f  September t o  middle of December. 

Bullock l abo r  per iod 1 middle of June  t o  middle of J u l y ;  
per iod  2 l a s t  week of September t o  middle of December. 

kaximum Borrowing L i m i t  i s  c a l c u l a t e d  on t h e  bas i s  of maximum c r e d i t  l i fn i t  p r e -  
s c r ibed  f o r  each c rop  by D i s t r i c t  Cen t r a l  Coopera t ive  Bank, Akola, and by con- 
s i d e r i n g  e x i s t  ing  cropping p a t t e r n .  



under l abor  and c a p i t a l  r e s t r i c t i o n s .  Models 4 t o  6 r e l a x  t h e s e  c o n s t r a i n t s  
one by one so a s  t o  account f o r  t h e  c o n t r i b u t i o n  of  t h e s e  r e s t r i c t i o n s  t o  
t h e  t o t a l  >.ield gap .  The order  in  which t h e s e  c o n s t r a i n t s  a r e  relaxed i s  
based on t h e  r a t i o n a l e  t h a t  some c o n s t r a i n t s  can e a s i l y  be a l l e v i a t e d  and 
hence r e c e i v e  p r i o r i t y  f o r  r e l a x a t i o n  over o t h e r s  t h a t  a r e  r e l a t i v e l y  
d i f f i c u l t  t o  manipulate .11 The f i n a l  model maximizes gross  r e t u r n s  a t  
re laxed  l e v e l s  of  a l l  t h e s e  c o n s t r a i n t s  f o r  t h e  farmer who i s  i n d i f f e r e n t  
towards r i s k .  

The concept of v i e l d  gap p a r t i t i o n  a t  t h e  farm leve l  based on t h e  
r e s u l t s  of  t h e s e  models i s  depicted i n  Figure I .  Yield Gap 11 i s  expressed 
i n  t e r n s  of g ross  r e t u r n s  per h e c t a r e  and i s  shown along the  Y a x i s ,  while  
model numbers a r e  ind ica ted  along t h e  S a x l s .  I d e a l l y ,  t h e  X a x i s  should, 
i n d i c a t e  t h e  value of t h e  i n p u t ,  which 1s  l m p l i c i t  when one p r e s e n t s  f o r  
s i m p l i c i t y  a  o n e - v a r i a b l e  model i i . c . ,  t h e  cash value of  a l l  t h e  Inputs 
r e q u i r e i  under each mode! along N axis). The T\'P 1 ( T o t a l  i 'alue Product) 
shows t h e  response t o  cash input  when used with f u l l  t e c h n i c a l  e f f i c i e n c y .  
Hence a l l  t h e  p o i n t s  ly ing  below T\ 'F  1 a r e  t e c h n i c a l l y  l e s s  e f f i c i e n t .  
TVP ! i s  t h e  t e c h n i c a l l y  l e s s  e f f i c i e n t  "average" response c u r v e .  Y 1  i s  
t h e  l e v e l  of  y l e l d  obtained from t h e  l e a s t  e f f i c i e n t  means of  product ion 
a t  e x i s t i n g  l e v e l s  o f  resource  use and cropping p a t t e r n s  ( r e s u l t s  of Model 
1 ) .  Model : genera tes  t h e  l eve l  o f  y i e l d  from a  t e c h n i c a l l y - e f f i c i e n t  
means of production a t  re laxed  !eve15 of  re%ources  and wlth t h e  \ o l e  o b j e c t -  
ive  of maximizing f l o s s  r e t u r n s .  ?he  d ~ f f e r c n c e  hetween Y7 and Y ]  1 s  then 
def lned  a s  p o t e n t i a l  \ i c l d  Gap 1;  a t  t h e  farm l e v e l ,  and ~t can be 
decomposed. 

The farmer who i s  a t  point  A adopts  a t e c h n i c a l l y - i n e f f i c i e n t  produc- 
t i o n  process  with \ ,  l eve l  of  y ~ e l d .  He then bccomes t e c h n i c a l l y  c f f i c ~ e n t  
a t  po in t  6 by u s i n g - t h e  e f f i c i e n t  s e t  o f  inpu t -ou tpu t  c o e f f i c i e r i t s  w i t h  
e x i s t i n g  cropping p a t t e r n s .  Point B need riot n e c e s s a r i l y  be an e f f i c i e n t  
a l l o c a t i o n  a t  t h e  given leve l  o f  r e s o u r c e s .  Hence t h e  farmer can move 
upward along TVI' I t o  po in t  C and produce y i e l d  l e v e l  Y 3  (no t  a l l  upward 
moves along T\IP 1 improve a l l o c a t i v e  e f f i c i e n c y ) .  When t h e  c a p i t a l  con- 
s t r a i n t  i s  r e l a x e d ,  a s  ind ica ted  i n  Yodel J ,  t h e  y i e l d  goes up t o  Yq a t  
po in t  D. The r e l a x a t i o n  of human and hul lock lahor  c o n s t r a i n t s ,  i n  a d d i -  
t i o n  t o  c a p i t a l ,  r e s u l t s  i n  y i e l d  Yg a t  E .  The t o t a l  d i f f e r e n c e  between 
Y 5  and Y 3  i s  t h e  y i e l d  gap  caused by c a p i t a l  and labor  r e s t r i c t i o n s .  Risk 
n e u t r a l i t y  a t  re laxed  l e v e l s  of  resources  i n c r e a s e s  y i e l d  f u r t h e r  t o  Y b  a t  
point  F .  Point G night s imula te  a  research  s t a t i o n  s i t u a t i o n  where p r o f i t  

11. The most r e l e v a n t  and m p o r t a n t  c o n s t r a i n t s  i n  t h e  c a s e  of  r a i n f e d  
a g r i c u l t u r e  a r e  human l a b o r ,  bul lock l a h r ,  c a p i t a l ,  consumption 
needs of farm household, p r e f e r e n c e s ,  degree of knowledge and s k i l l ,  
moisture a v a i l a b i l i t y ,  o t h e r  input  a v a i l a b i l i t i e s ,  a t t i t u d e  towards 
r i s k ,  e t c .  
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maximiza t ion  and r i s k  a v e r s i o n  a r e  seldom c o n s i d e r e d  and maximizing expec -  
t e d  v a l u e  o f  y i e l d  i s  t h e  i ~ e r h a p s  i m p l i c i t )  o b j e c t i v e .  T h i s  g i v e s  L ' l  
l e v e l  o f  y i e l d  p e r  h e c t a r e .  

Using t h e  c o n c e p t s  g i v e n  above ,  t h e  p o t e n t i a l  y i e l d  gap (Y7-Y1) a t  
t h e  farm l e v e l  can  be a t t r i b u t e d  t o  t h e  f o l l o w i n g  f a c t o r s :  

1 .  P r o f l t - s e e k ~ n g  b e h a v l o r  o f  t h e  f a rmer  w l th  p e r f e c t  knowledge and 
k i t h  i n d i f f e r e n t  , i t t l t u d e  t o k n r d s  r i s k  a t  a  g lven  l e v e l  o f  
r e s o u r c e s ,  l . e . ,  t h e  d e s i r e  o f  t h e  farmer  t o  maximize p r o f l t  
r a t h e r  t h a n  ) . ~ e l d s  i \ - - \ h ) .  

2 ,  Risk  a v e r s l o n  o f  t h e  f a rmer  who chooses  a  lower l e v e l  o f  y i e l d  a t  
a  lower l e v e l  o f  r l s L ,  r e s u l t i n g  i n  r e d u c t ~ o n  i n  o u t p u t  (Y6-Yg). 

5 .  I n a d e q u a c v o f  r e s o u r c e s ,  l , e . ,  r e s t r l c t l o n  o f  o u t p u t  because  o f  
~ n a d e q u a t e  r e s o u r c e  a v a i l d h ~ l i t i e s  t o  a c h l e v e  risk-adjusted o p t ~ m a  
( Y s - 1  31. 

4 .  A l l o c a t i v e  i n e f f i c i e n c y ,  i . e . ,  o p e r a t i n g  a t  a  l e v e l  o f  y i e l d  t h a t  
d o e s  n o t  max1mi:e p r o f i t  [ Y j - Y z l  s u b j e c t  t o  r i s k  and r e s o u r c e  con-  
s t r a i n t s .  

5 .  'Technica l  i n e f f i c i e n c y ,  i . e . ,  n o t  o b t a i n i n g  t h e  p o t e n t i a l  y i e l d  
l e v e l  a t  a  g iven  l e v e l  o f  resources and e x i s t i n g  r e s o u r c e  a l l o c a -  
t i o n  0 2 - 1 1 ~ .  

1 1 1 .  AN A P P L I C A T I O N  

T e c h n i c a l l y - e f f i c i e n t  s e t  o f  c o e f f i c i e n t s  were used t o  o b t a i n  s o l u t i o n s  
f o r  Model 2 t o  Wodel 7 w h i l e  Model 1 used t h e  a v e r a g e  s e t  o f  c o e f f i c i e n t s . ' *  
Inpu t  c o e f f i c i e n t s  were c o n s i d e r e d  o n l y  f o r  some c r i t i c a l  r e s o u r c e  con -  
s t r a i n t s  keep ing  i n  view t h e  c r o p  c u l t i v a t i o n  c a l e n d a r  i n  t h e  r e g i o n .  
Requirements  o f  o t h e r  r e s o u r c e s  t h a t  a r e  assumed t o  be n o t  l i m i t i n g  were 
n o t  s p e c i f i e d .  However, t h e y  were accoun ted  f o r  i n  t h e  ca sh  i n p u t  c a l c u -  
l a t i o n .  The c a s h  i n p u t  v a l u e s  were s u b t r a c t e d  from t h e  g r o s s  r e t u r n  
v a l u e s  t o  a r r i v e  a t  n e t  r e t u r n s .  Thus ,  t h e  n e t  r e t u r n s  r e p r e s e n t  income 
t o  t h e  f i x e d  and f a r m e r ' s  family-owned r e s o u r c e s  l i k e  l a n d ,  f a m i l y  l a b o r ,  
mach ines ,  t o o l s ,  jmplements ,  farm b u i l d i n g ,  e t c .  

The p ropamming  problem invo lved  27 c r o p  p r o d u c t i o n  a c t i v i t i e s  - -  t h e  
main c r o p s  b e i n g  c o t t o n ,  sorghum, b l ack  gram, c h i c k p e a ,  paddy,  and ground-  
n u t s  - -  b e s i d e s  f i v e  l a b o r - h i r i n g  a c t i v i t i e s ,  one cash -bo r rowing  a c t i v i t v .  

1 2 .  The s o l u t i o n s  f o r  Models 3 t o  7 were o b t a i n e d  by u s i n g  t he  computer 
program (LINPM), a v a i l a b l e  i n  t h e  CRISP package on t he  DEC PDP 11/45 
machine  at ICRISAT. 



and one s tandard d e v i a t i o n  t r a n s f e r  a c t i v i t y  included f o r  r i s k  cons idera -  
t i o n s .  In a l l ,  14 r e s t r i c t i o n s  were imposed, which included u n i r r i g a t e d  
land ,  family labor  i n  f i v e  p e r i o d s ,  bul lock labor  i n  two per iods ,  annual 
cash ,  annual borrowing, l abor  h i r i n g  i n  t h r e e  c r i t i c a l  labor  per iods ,  and 
one s tandard d e v i a t i o n  t r a n s f e r  r e s t r i c t i o n .  

The general  format of  t h e  l i n e a r  programming model i s :  

max . U = C x  

sub jec t  t o  

Where x i s  a  v e c t o r  of a c t i v i t y  l e v e l s  
E 1 s  a  vec tor  of  r e t u r n s  
4 i s  a  mat r ix  of resource  requirements  o r  t e c h n i c a l  c o e f f i c i e n t s  
b 1 s  a  vec tor  o f  f ixed resource  and o t h e r  r e s t r i c t i o n s  

In a d d i t i o n  t o  t h e  usual assumptions of  l i n e a r  programming t h e  follow- 
ing  assumptions were made: 

The technology of  each c rop  i s  I d e n t i c a l  a c r o s s  farm s i z e  groups, 
which means t h a t  t h e  input-output  mat r ix  and o b j e c t i v e  func t ion  c o e f f i c i e n t s  
a r e  identical f o r  evcry farm s l z e  group.  

There i s  no m o b i l i t y  of f a c t o r s  of product ion a c r o s s  farm s i z e  groups. 

Risk c o n s i d e r a t i o n s  a r e  introduced v ia  a model i n  terms of  mean ne t  
r e t u r n s  TE) and s tandard  d e v ~ a t i o n  of net  r e t u r n s  ( 0 ) :  

max. U = ? x - @ ( o x )  

sub] e c t  t o  

Where E ,  x ,  A and b  a r e  t h e  same a s  i n  t h e  e a r l i e r  model. 

$. i s  a r i s k - a v e r s i o n  c o e f f i c i e n t  o f  t h e  farmer spec i fy ing  
h i s  i n d i f f e r e n c e l t r a d e - o f f  between net  r e t u r n s  and r i s k .  
The c o e f f i c i e n t  i s  def ined  a s  t h e  r a t i o  o f  changes i n  t h e  
l e v e l s  of expected ne t  r e t u r n s  ( E )  and s tandard  d e v i a t i o n  
(3) o f  net  r e t u r n s .  
i s  a  vec tor  of  s tandard deviations o r  n e t  r e t u r n  v a l u e s .  

The model a l lows t h e  farmer t o  maximize h i s  expected n e t  r e t u r n s ,  
minus a  r i s k  term comprising a  s p e c i f i c  number 3 and t h e  weighted sum o f  



t h e  s tandard  d e v i a t i o n s  of  net  r e t u r n s ; "  c o n s i d e r s  e f f e c t s  of r i s k  on 
t h e  f a r m e r ' s  dec1s i3ns  t o  a l l o c a t e  h i s  r e s o u r c e s  t o  d i f f e r e n t  c r o p s ;  and 
r e t a i n s  a l l  t h e  assurnptlons of  o r d i n a r y  l i n e a r  programming model and r e -  
q u i r e s  t h e  fo l lowing  s d d l t i o n a l  assumpt ions :  

1.  The covar lances  of  net  r e t u r n  va lues  a c r o s s  d i f f e r e n t  a c t i v i t i e s  
a r e  z e r o .  

2 .  To measure v a r ~ a b i l l t v  we a s s m e  t h a t  t h e  c r o s s - s e c t l o n  v a r l a n c e  
among p l o t s  o f  a  given proceqs can he used t o  e s t l m a t e  v a r l a b i l ~ t y  
over t lme .  For a t e r a p e  p l o t s  t h e  s tandard  d e v l a t l o n  I S  used 
d i r e c t l i ,  while  f o r  e f f ~ c l e n t  p l o t <  t h e  qtandard d e v l a t l o n  1 s  s e t  
such t h a t  t h e  c o e f f l c l e n t  of v d r l a t i o n  rem~i lns  t h e  same f o r  both 
means of  product  Ion l 4  

3 .  I t  i s  assumed t h a t  r l s k  a v e r s l o n  d e c r e a s e s  wlth farm s i z e .  In 
o t h e r  words, small farmers  a r e  assumed t o  he more r i s k - a v e r s e  than  
l a r g e  farmers  

The summary r e s u l t s  o f  t h e s e  models f o r  d i f f e r e n t  c a t e R o r i e s 1 5  of  
farms a r e  dep lc ted  il!. hlstocram.: i n  F igures  2 - h .  On t h e s e  farms,  g r o s s  
r e t u r n s  i n c r e a s e  :)y more :il;in three- : lnd-one-h; i l f  t imes  from t h e  presen t  

13. The r l s ~  model u s e d  nere 1 s  c r u d e .  I d e a l l y  one should u s e  t h e  model 
t h a t  considers .., the variance-covdrlance matr lx  of n e t  r e t u r n s  t h a t  
a r e  s t c ~ c h a s t l c  over t rme,  l . e . ,  a  quadratic o b l e c t l v e  function: 

The >-. m t r l x  l n d l c a t e s  t h e  v a r s a h r l l t y  of ne t  r e t u r n s  and a l s o  con- 
s l d e r s  t h e  covar lapcc  arnoric e n t e r ; ~ r l s e s .  T h l s  a l l o w s  t h e  c a l c u l a t r o n  
of t o t a l  v a r l a n c e  of any farm ylari t h a t  may be regarded a s  a  measure 
of o v e r a l l  r l s k l n e s o  of t h e  p l a n .  

1 4 .  While t h e r e  i s  a n  ev idence  from Ryan and S a r l n  (1981) t h a t  t h e  c o e f f i -  
c i e n t  of v a r i a t i o n  of p r o f i t s  from improved technology i s  lower than  
t h a t  from t r a d ~ t i o n a l  t echnology ,  i n  absence of any such ev idence  i n  
t h e  c a s e s  7f e f f i c i e n t  and average  means of  p roduc t ion  under the same 
b a s i c  t echnoloqy ,  t h e  c o e f f i c i e n t  of v a r l a t l o n  here  i s  assumed t o  be 
t h e  same f o r  both means of p r o d u c t i o n .  

15. Farm c a t e g o r i e s  were dec ided  on t h e  b a s i s  of o p e r a t i o n a l  l and  a r e a s  
and a r e  g l ven  a s  fo l lows:  

Small farms - 3 . 2 1  t o  2 . 2 7  ha of o p e r a t e d  l a n d .  
nedium farms - 2 . 2 8  t o  5 .60 ha of o p e r a t e d  l a n d .  
Large farms - -5.60 ha of o p e r a t e d  l a n d .  
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l e v e l  (Model 1) t o  t h e  p o t e n t i a l  l e v e l  (Model 7 ) ,  while  t h e  ne t  r e t u r n s  
i n c r e a s e  by more than four  t i ~ e s .  Cash input  and bul lock labor  r i s e  t o  
more than double t h e i r  o r i g i n a l  l e v e l s .  Human-labor use i n c r e a s e s  by 
th ree-and-one-ha l f  t imes on medium farms, while  it i n c r e a s e s  on ly  by a  
l i t t l e  more than one-and-one-half t imes  on small and l a r g e  f a n a s .  The 
f i r s t  major i n c r e a s e  f o r  a l l  t h e s e  parameters  o c c u r s  with Model 2 ,  when 
t e c h n i c a l l y - e f f  i c i e n t  c o e f f i c i e n t s  a r e  used .  C o e f f i c i e n t s  o f  v a r i a t i o n  
drop by more t h a n  I t  pe rcen tage  p o i n t s .  

In t h e  c a s e  of  Model 3 a s  compared with Model 2, on small and l a r g e  
farms a l l  t h e  input  l e v e l s  a s  wel l  a s  g r o s s  r e t u n  l e v e l s  d e c l i n e ,  while  
ne t  r e t u r n s  i n c r e a s e  s l i g h t l y  with i n c r e a s e d  v a r i a b i l i t y .  Hence more 
e f f i c i e n t  a l l o c a t i o n  o f  r e s o u r c e s  r e s u l t s  when t h e  o b j e c t i v e  i s  t o  maxi- 
mize n e t  r e t u r n s .  This  impl ies  t h a t  a f t e r  ach iev ing  t e c h n i c a l  e f f i c i e n c y  
a t  po in t  B (F ig .  l ) ,  t h e  producer  moves downwards along t h e  TVP 1 curve 
i n  o r d e r  t o  become a l l o c a t i v e l y  e f f i c i e n t ,  s u b j e c t  t o  r i s k  c o n s i d e r a t i o n s .  
In t h e  c a s e  of  medium farms,  Model 3 g e n e r a t e s  h igher  l e v e l s  o f  net  a s  
well a s  g r o s s  r e t u r n s  with lower i n p u t s .  This  demonstrates  a c a s e  of up- 
ward movement ( B  t o  C i n  F ig .  1) a long  TVP 1 t o  ach ieve  a l l o c a t i v e  
e f f i c i e n c y ,  The second major i n c r e a s e  i n  a l l  t h e s e  parameters  occurs  when 
t h e  c a p i t a l  c o n s t r a i n t  i s  re laxed  i n  Model 4 .  Thus, i f  one moves from 
t h e  a l l o c a t i v e l y  e f f i c i e n t  po in t  under r e s o u r c e  c o n s t r a i n t s  t o  a re laxed  
l e v e l  of  c a p i t a l ,  a s u b s t a n t i a l  change i n  o u t p u t  l e v e l  t a k e s  p l a c e .  But 
t h e  re laxed  l e v e l  of  l a b o r  along with c a p i t a l  (Model 5) does not add t o  
t h e  l e v e l s  o f  g r o s s  and n e t  r e t u r n s ,  except  i n  t h e  c a s e  o f  l a r g e  farms 
where it shows some p o s i t i v e  c o n t r i b u t i o n .  

Neutral  a t t i t u d e s  of  small and l a r g e  farmers  towards r i s k ,  dep ic ted  
by Model 6 ,  s h i f t  t h e  a l l o c a t i o n  p a t t e r n  and b r i n g  more r i s k y  ( c o e f f i c i e n t s  
of  v a r i a t i o n  i n c r e a s e  by 13  and 17 percen tage  p o i n t s ,  r e s p e c t i v e l y )  but 
h i g h - r e t u r n  e n t e r p r i s e s  i n t o  t h e  p l a n ,  r e s u l t i n g  i n  s l i g h t l y  increased  
r e t u r n s .  However, t h e s e  i n c r e a s e s  a r e  s m a l l e r  than t h o s e  a s s o c i a t e d  with 
t e c h n i c a l  e f f i c i e n c y  o r  c a p i t a l  a c c e s s ,  About 12% o f  opera ted  land on 
l a r g e  farms remains f a l l o w  when t h e  f a r m e r ' s  i n d i f f e r e n c e  towards r i s k  i s  
caused by c a p i t a l  r e s t r i c t i o n s .  However, when t h e  fanner  i s  r i s k - a v e r s e ,  
t h e  l e s s  r i s k y  crop a c t i v i t i e s  a l low him t o  ach ieve  around 125% cropping 
i n t e n s i t y  wi th ,  o f  course ,  reduced l e v e l s  o f  r e t u r n s .  On medium farms 
t h e  i n c r e a s e  i n  ou tpu t  a t  t h e  l e v e l  o f  i n d i f f e r e n t  r i s k  a t t i t u d e s  i s  not 
s i g n i f i c a n t .  Th is  i s  because t h e  e n t e r p r i s e s  chosen under Model 5 dominate 
a l l  t h e  o t h e r  e n t e r p r i s e s .  In o t h e r  words, t h e y  y i e l d  s u f f i c i e n t l y  h igher  
r e t u r n s  than t h e  o t h e r  a l t e r n a t i v e s  so  t h e t r a d e  o f f  between expected n e t  
r e t u r n s  and i t s  s tandard  d e v i a t i o n  a t  h i s  l e v e l  of  r i s k  a v e r s i o n  does not 
a f f e c t  t h e  a l l o c a t i o n  p a t t e r n . 1 6  In  g e n e r a l ,  c a p i t a l  i s  t h e  c r u c i a l  inpu t  

16. It may partly be a consequence of t h e  very crude  r e p r e s e n t a t i o n  of 
r i s k .  



and i s  complementary t o  human l a b o r ,  t h u s  reduc ing  t h e  s i g n i f i c a n c e  o f  
r i s k  a t  a  given l e v e l  of  r e s o u r c e s .  

A t  t h e  same l e v e l  of  r e s o u r c e s  a s  i n  Model 6 and with n e u t r a l  
a t t i t u d e s  towards r i s k ,  Model ? shows t h a t  maximizing g r o s s  r e t u r n s  
changes n e i t h e r  t h e  input  nor t h e  output  l e v e l s .  Th is  is  because of  t h e  
l i n e a r i t y  a s s m p t l o n ,  which n e c e s s i t a t e s  p r o p o r t i o n a l  changes i n  input  
and output  l e v e l s ,  and n o n - r e a l i z a t i o n  o f  t h e  maximum g r o s s  r e t u r n  p o i n t .  

The t o t a l  y i e l d  gap, expressed i n  terms o f  g r o s s  r e t u r n s  per  h e c t a r e ,  
i s  p a r t i t i o n e d  i n t o  d i f f e r e n t  predetermined f a c t o r s  i n  Table 3 .  The s i x  
s o u r c e s  of  y i e l d  gaps t e s t e d  h e r e  a r e :  t e c h n i c a l  i n e f f i c i e n c y ,  a l l o c a t i v e  
i n e f f i c i e n c y ,  c a p i t a l  c o n s t r a i n t s ,  l abor  r e s t r i c t i o n s ,  r i s k  a v e r s i o n  o f  
t h e  farmer and h i s  p r o f i t - s e e k i n g  behavior .  The p o t e n t i a l  g ross  r e t u r n  
gaps a r e  7 3 ,  '5 and 7 2 %  on smal l ,  medium and l a r g e  farms,  r e s p e c t i v e l y . 1 7  

The p a r t i t i o n  r e v e a l s  t h a t  c a p i t a l  i s  t h e  most important  s i n g l e  con- 
s t r a i n t ,  c o n t r i b u t i n g  about 50% o r  more o f  t h e  gap i n  p o t e n t i a l  g r o s s  r e -  
t u r n s .  I t  i s  h i g h e s t  on medium farms and lowest  on l a r g e  farms.  T h i s  i s  
l o g i c a l ,  a s  many of t h e  o t h e r  p h y s i c a l  i n p u t s  a r e  expressed in t e n s  of  
c a p i t a l .  I t  can a l s o  r e s t r a i n  l a b o r  use  through t h e  mechanism o f  wage 
payments t o  h i r e d  l a b o r .  The second important  gap component i s  f a r m e r s 1  
lack  of  t e c h n i c a l  e f f i c i e n c y .  Here t h e  gap ranges  from 31% on t h e  small 
farm t o  50% on t h e  l a r g e  farm (Table 3), Labor c o n s t r a i n t s  do not c r e a t e  
any gap on small and medium farms but cause  about a  2% outpu t  gap on l a r g e  
fa rms .  The a t t i t u d e  o f  t h e  farmer towards r i s k  i s  more important  on small 
farms,  followed by  l a r g e  farms,  and i s  of  n e g l i g i b l e  importance on medium 
farms.  This  i s  because t h e  c o n s t r a i n e d  l e v e l s  of  l abor  and c a p i t a l  do no t  
permit t h e  medium farmer t o  opt f o r  a l t e r n a t i v e s  o t h e r  than t h o s e  under 
h i s  e a r l i e r  plan a t  h i s  l e v e l  o f  r i s k  a v e r s i o n .  The d e c i s i o n  i n  f i x i n g  
t h e  r e s o u r c e  c o n s t r a i n t  l e v e l s  might l e a d  t o  t h e s e  r e s u l t s .  Hence t h e  
i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  depends on how r e a l i s t i c  a r e  t h e  c o n s t r a i n t s .  
The gap due t o  a l l o c a t i v e  i n e f f i c i e n c y  i s  r e l a t i v e l y  small  on a l l  farms. 
The l i n e a r i t y  assumption o f  t h e  models does not  a l low us t o  f i n d  t h e  
magnitude of  y i e l d  gaps a r i s i n g  from t h e  p r o f i t - s e e k i n g  behavior  o f  t h e  
f a r m e r .  Models t h a t  t a k e  i n t o  account  n o n l i n e a r  r e l a t i o n s h i p s  would be 
r e q u i r e d .  

1 7 .  T h i s  i s  t h e  d i f f e r e n c e  between a c t u a l  g r o s s  r e t u r n s  (Model 1) and 
.potent ial  g r o s s  r e t u r n s  (Model 7 )  expressed  a s  a percen tage  of 
p o t e n t i a l  g r o s s  r e t u r n s .  



Table 3 .  P a r t i t i o n  of  y ie lda  gap i n t o  var ious  components on d i f f e r e n t  
si:e farms i n  Akola region ( % ) .  

Source of  gap 
Farm s i ze  ---. 

Sma 11 Medium Large 
Gross Net Gross Net Gross Net 
r e t u r n s  r e t u r n s  r e t u r n s  r e t u r n s  r e t u r n s  r e t u r n s  

Technical i n e f f i c i e n c y  3 1 3 1 3 3  34 5 0 4 8 

.Allocat ive i n e f f i c i e n c y  -3b 1 6 11 - q b  6 

Capi ta l  c o n s t r a i n t s  5 9 5 3 6 1 5 5  4 8 4 0 

Labor c o n s t r a i n t s  0 0 0 0 2 2 

Risk avers ion  13 15 0 0 4 4 

Prof i t  -seeking behavior 3 0 0 0 0 0 

P o t e n t i a l  percentage gap 73 7 8 7 5 8 0 2 7 8 

a ~ u t p u t  gap due t o  each source i s  measured a s  percentage of t h e  p o t e n t i a l  
gap 

h e g a t i v e  s ign  of  gross  r e t u r n  gap onasmall and l a r g e  farms does not i n d i c a t e  
nega t ive  c o n t r i b u t i o n  of a l l o c a t i v e  i n e f f i c i e n c y ;  t h e  a b s o l u t e  va lue  
i n d i c a t e s  t h e  a l l o c a t i v e  i n e f f i c i e n c y .  



C O N C L U S I O N  

The use of mathematical programming models to analyze yield gaps at farm 
level, rather than to ana1y:e yield gaps of individual crops, is more 
appropriate in the case of rainfed agriculture. The existence of tech- 
nical inefficiency suggests a need for improvement in the extension 
service, and ih the management skills of the fanner. The importance of 
capital scarcity in yield gaps emphasizes the potential of credit agencies 
and calls for research on labor-using and capital-saving technologies for 
labor-surplus economies. 
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