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One o f  t h e  p r i n c i p a l  s o c i o e c o n o m i c  i s s u e s  i n  i r r i g a t i o n  d e s i g n  is t h e  
s i z e  o f  h o l d i n g s  t o  be a l l o c a t e d  to  i n d i v i d u a l  f a r m  h o u s e h o l d s .  The  a r g u m e n t s  
f o r  l a r g e r  v e r s u s  s m a l l e r  p l o t  s i z e s  a r e  summar ized  i n  B loch  e t  ale1; t h e  
m a j o r  o n e s  c o n c e r n  e q u i t y  -- a l l o c a t i n g  a g i v e n  amount  of i r r i g a b l e  l a n a  t o  
l a r g e r  or smaller numbers  o f  poor f a r m e r s  -- and e f f i c i e n c y  -- o b t a i n i n g  t h e  
maximum economic  r e t u r n s  f rom a  g i v e n  r e s o u r c e  o u t l a y .  

The  e q u i t y  a r g u m e n t s  c a n  be made w i t h o u t  r e f e r e n c e  to  t h e  d a t a ,  b e c a u s e  
t n e y  a r e  g e n e r a l l y  e x p r e s s e d  i n  s u c h  a way t h a t  t h e i r  p o i n t  is o b v i o u s :  a 
g i v e n  area d i v i d e d  among a l a r g e r  number o f  farmers is a  more e v e n  
d i s t r i b u t i o n  o f l a n d .  T h i s  is n o t  t r u e  of  t h e  e f f i c i e n c y  a r g u m e n t s ,  however ,  
which  are  by t h e i r  v e r y  n a t u r e  e m p i r i c a l l y  b a s e d .  I n  t h e  p r i n c i p a l  p u b l i s h e d  
W o r k  t h a t  h a s  a d d r e s s e d  t h i s  i s s u e ,  B e r r y  a n d  c l i n e 2  summar i ze  a l a r g e  
number o f  s t u d i e s  i n  many par ts  o f  t h e  worla, f i n d i n g  e v i d e n c e  o f  a n e g a t i v e  
c o r r e l a t i o n  be tween  f a r m  s i z e  and  p r o d u c t i v i t y .  They  d o  n o t ,  howeve r ,  f o c u s  
on or d i s t i n g u i s n  i r r i g a t i o n  f r o m  d r y l a n d  f a r m i n g ,  or on s y s t e m s  w i t n  t h e  
c o m p l i c a t e d  p a t t e r n s  o f  i n t e r d e p e n d e n c e  among f a r m e r s  t h a t  i r r i g a t i o n  
n e c e s s i t a t e s .  Many o f  t h e  s t u d i e s  a b o u t  I n d i a  a n d  P a k i s t a n  i n c l u d e  i r r i g a t e d  
a n d  u n i r r i g a t e d  l a n d  i n  t h e  same s a m p l e s ,  f r e q u e n t l y  w i t h o u t  d i s t i n g u i s h i n g  
them f rom o n e    not her.^ 
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~f B e r r y ' s  ane C l i n e ' s  r e s u l t s  abou t  t h e  r e l a t i o n  between farm s i z e  and 
e f f i c i e n c y  a r e  c o r r e c t ,  t n e r e  is no t r a d e o f f  oetween e f f i c i e n c y  and e q u i t y ,  
and t h e r e f o r e  t h e  a p p r o p r i a t e  l and  p o l i c y  is t o  d i s t r i b u t e  t h e  a v a i l a b l e  l a n d  
among as many peop l e  a s  wish t o  have a c c e s s  t o  it. I f  t h e i r  g e n e r a l i z a t i o n  1s 
n o t  t r u e ,  t hen  t h e r e  is a  t r a d e o f f ,  and po l icymakers  must b a l a n c e  e q u i t y  and 
e f f i c i e n c y  g o a l s  i n  d e s i g n i n g  l and  p o l i c i e s .  I n  any e v e n t ,  t h e r e  is a  ristc of 
s e r i o u s  e r r o r  i f  p o l i c y  is based on p r econcep t i ons  r a t h e r  than  f a c t s .  

A f r i c a  h a s  c o n t r i ~ u t e d  l i t t l e  t o  t h e  compara t ive  i n t e r n a t i o n a l  expe r i ence  
because  l i t t l e  economic r e s e a r c h  h a s  been done on ~ f r i c a n  i r r i g a t i o n .    he 
p r i n c i p a l  summary of a g r i c u l t u r a l  r e s e a r c h  on ~ f r i c a ~  s u g g e s t s  t h a t  t h e  
s p a r s e  l i t e r a t u r e  s u p p o r t s  t n e  i dea  t h a t  s m a l l - s c a l e  i r r i g a t i o n  may be more 
e f f i c i e n t  t han  l a r g e - s c a l e  i r r i g a t i o n  i n  ~ f r i c a .  But t h e  s i z e  of  t h e  scheme 
is n o t  n e c e s s a r i l y  c o r r e l a t e d  w i th  t h e  s i z e  of  t h e  i n d i v i a u a l  f a r m e r ' s  
h o l d i n g s ,  and it is t h e  l a t t e r  which is r e l e v a n t  f o r  e q u i t y  c o n s i d e r a t i o n s .  

The h o l d i n g s  s i z e  i s s u e  can  be add re s sed  by s t a n d a r d  economet r ic  
t e chn iques .  One can e s t i m a t e  p roduc t i on  f u n c t i o n s  w i th  an  added v a r i a b l e  
r e p r e s e n t i n g  farm s i z e  by o r d i n a r y  l e a s t  squa re s ;  tne farm s i z e  parameter  w i l l  
p rov ide  a  t e s t  of r e l a t i v e  t e c h n i c a l  e f f i c i e n c y  o f  l a r g e r  v e r s u s  s m a l l e r  
farms.  The problem is t h a t  w h i l e  t h e  parameter  e s t i m a t e s  from s u c n  moaels 
w i l l  be unb iased ,  they  w i l l  n o t  be c o n s i s t e n t .  A l so ,  they  on ly  tes t  f o r  
t e c h n i c a l ,  and n o t  f o r  economic,  e f f i c i e n c y .  One can  overcome t h e s e  
d i f f i c u l t i e s  by u s i n g  models such a s  t h o s e  developed by Lau ana Yotopoulos  
( 1971 ) .  They e s t i m a t e  a  p r o f i t  f u n c t i o n ,  which is t h e  d u a l  of a  p roduc t i on  
f u n c t i o n ,  t o  a s s e s s  t h e  r e l a t i v e  economic e f f i c i e n c y  of  l a r g e  v e r s u s  s m a l l  
farms. The e s t i m a t e s  of p roduc t i on  r e l a t i o n s h i p s  which come o u t  of t h i s  model 
have t h e  d e s i r a b l e  economet r ic  p r o p e r t i e s  of c o n s i s t e n c y  and e f f i c i e n c y ,  b u t  
t h e  d a t a  r equ i r emen t s  a r e  somewnat s e v e r e ,  a s  t h e  comments i n  Attacnment 1, 
below, make c l e a r .  

Another t e chn ique  which c o u l d  be used is t h a t  of  t h e  m u l t i c r o p  p roduc t i on  
f u n c t i o n .  T h i s  ve ry  r e c e n t l y  developed t e chn ique  r ecogn i ze s  t h a t  i n  
complex farming sys tems ,  many of  t h e  needed d a t a ,  e s p e c i a l l y  on t h e  i n p u t  
s i d e ,  w i l l  be a v a i l a b l e  on ly  a s  a g g r e g a t e s  r a t h e r  t han  a t t r i ~ u t e d  t o  
i n d i v i d u a l  c rops .  On t h e  p l u s  s i d e ,  t h e  t e chn ique  is more f o r g i v i n g  o f  d a t a  
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gaps .  On t h e  minus s i d e ,  it is more e c o n o m e t r i c a l l y  a m b i t i o u s ,  t h e r e f o r e  more 
l i n e l y  t o  be  p e r c e i v e d  by non-economet r i c i ans  a s  t n e  u s e  o f  a  sledgehammer t o  
c r a c k  a v e r y  t h i n - s h e l l e d  n u t .  Botn t h e  Lau-Yotopoulos and t h e  J u s t  methods 
m e r i t  c o n s i d e r a t i o n  i n  s p i t e  of  t h e i r  weannesses ,  nowever,  b e c a u s e  t h e y  
overcome some of  t h e  g r e a t e s t  proolems of  s i m p l e  OLS e s t i m a t i o n  o f  p r o d u c t i o n  
f u n c t i o n s .  

The b a s i c  h y p o t h e s i s  t o  tes t  is t n a t  t h e r e  is a n  o p t i n i a l  h o l d i n g s  s i z e ,  
below which p l o t s  a r e  too small e i t h e r  t o  b e n e f i t  f r m  a p p r o p r i a t e  
i n t e n s i f i c a t i o n  t e c h n o l o g i e s  o r  t o  m a i n t a i n  t h e  a c t i v e  i n t e r e s t  of  t h e  f a r m e r ,  
and above which t h e  Berry-Cl ine  s c a l e  d i s e c o n o m i e s  s e t  i n .  The b e s t  way t o  
v i s u a l i z e  t h i s  h y p o t h e s i s  is t o , c o n s i d e r  t h a t  t h e  r e l a t i o n s h i p  between 
h o l d i n g s  s i z e  and e f f i c i e n c y  is n o t  l i n e a r ,  and may be  d i s c o n t i n u o u s .  I n  
o t h e r  words ,  t h e  Ber ry -Cl ine  r e s u l t s  a p p l y  o n l y  above a  c e r t a i n  minimum p l o t  
s i z e  ( p e r h a p s  one-hal f  t o  one h e c t a r e ,  b u t  w e  have no  f i r m  e v i d e n c e  y e t  t o  
s u p p o r t  t h i s ) ,  b u t  below t h a t  s i z e  e f f i c i e n c y  is lower .  One p o s s i b l e  way t o  
d e p i c t  t h i s  g r a p h i c a l l y  is shown below. 

F i g u r e  1 
Hypothes ized  R e l a t i o n s h i p  Between P l o t  S i z e  and E f f i c i e n c y  

~ f  f i c i e n c y  I 
(however 
measured*) 

I 1 
.opt  i m a l m  AVERAGE 
p l o t  s i z e  PLOT SIZE 

* Most c o r r e c t l y  a s  t o t a l  economic r e s o u r c e  cost p e r  u n i t  o f  o u t p u t .  I t  is 
l i k e l y  t h a t  it w i l l  have t o  be measured i m p e r f e c t l y  g i v e n  o u r  lack o f  
i n f o r m a t i o n  an shadow p r i c e s  o f  i n p u t s  and o u t p u t s  i n  Zimbabwe, b u t  
e f f i c i e n c y  s h o u l d  d e f i n i t e l y  n o t  be  measured s i m p l y  a s  y i e l d  p e r  h e c t a r e .  



The f i r s c  d a t a  s e t  on which I e x p e c t  t o  employ t h e  above t e c h n i q u e s  t o  
a s s e s s  t h e  h o l d i n g s  s i z e  i s s u e  is from Zimbabwe. I t  is a  s e r i e s  of a n n u a i  
r e p o r t s  on A g r i c u l t u r a l  P r o d u c t i o n  i n  Communal Land I r r i g a t i o n  Schemes ana 
ARDA E s t a t e s  p u t  o u t  by t h e  Department of R u r a l  Development of t h e  M i n i s t r y  o f  
A g r i c u l t u r e .  I became aware of its e x i s t e n c e  w h i l e  v i s i t i n g  Zimbabwe f o r  t h e  
Land Tenure  i n  River  B a s i n s  s t u d y  i n  1984. P r o d u c t i o n ,  marke t ing  and i n p u t  
d a t a  f o r  twenty- f ive  t o  t h i r t y  s m a l l h o l d e r  i r r i g a t i o n  schemes a r e  a v a i l a b l e  
f o r  a  p e r i o d  o f  seven  t o  t e n  y e a r s  ( s e e  a t t a c h m e n t  2  f o r  t h e  d a t a  r e p o r t e d  f o r  
one scheme f o r  one y e a r ) .  These  schemes r a n g e  i n  s i z e  from a b o u t  10 t o  over  
200 h e c t a r e s ,  w i t h  a v e r a g e  p l o t  s i z e s  v a r y i n g  from less t h a t  0.05 ha .  t o  over  
1.00 ha .  p e r  p l o t h o l d e r .  Some of  t h e  schemes a r e  o v e r  50 y e a r s  o l d  ( t h e  s a b i  
R iver  schemes -- see t h e  Zimbabwe C h a p t e r  of t h e  River  B a s i n s  p a p e r ) ,  and some 
were e s t a b l i s h e d  i n  t h e  l a s t  few y e a r s .  A v a r i e t y  o f  c r o p s  is produced; most 
of the f a r m e r s  p roauce  s e v e r a l  c a s h  c r o p s  a s  w e l l  a s  b a s i c  f o o d g r a i n s .  Most 
of t h e  schemes s u f f e r  p e r i o d i c a l l y  from wate r  s h o r t a g e s ,  e s p e c i a l l y  d u r i n g  t h e  
d r o u g h t  of t h e  e a r l y  1 9 8 0 ' s ,  b u t  many a r e  a ~ l e  t o  double-crop anyway. ~ o s t  
schemes use  f e r t i l i z e r ,  d r a f t  oxen,  and c o n t r a c t . p l o w i n g .    he l a b o r  
i n f o r m a t i o n  is t h e  l e a s t  s a t i s f a c t o r y ,  b e c a u s e  it r e f e r s  to  " p e r s o n s  on t h e  
p l o t o  by age  and s e x ,  r a t h e r  t h a n  g i v i n g  t h e i r  a c t i v i t i e s .    he " o t h e r  
p e r s o n s n  l i s t e d  may o r  may n o t  be h i r e d  l a b o r e r s .  But i n  o r d e r  to  use  
" p e r s o n s  on t h e  p l o t "  a s  a  proxy f o r  l a b o r  i n p u t  w e  o n l y  have to  assume t h a t  
t h e r e  is a roughly  s i m i l a r  p e r c e n t a g e  of e f f o r t  devo ted  t o  i r r i g a t i o n  by 
h o u s e h o l d s  on t h e  d i f f e r e n t  schemes,  o r  a l t e r n a t i v e l y  t h a t  labor i n p u t  p e r  
"person  on t h e  p l o t "  v a r i e s  s y s t e m a t i c a l l y  w i t h  o t h e r  i n f o r m a t i o n  ( s u c h  a s  
l i v e s t o c k  ownersh ip )  t h a t  w e  p o s s e s s .  

  his is a  r i c h  s o u r c e  of d a t a ,  which to  my knowledge (and t h a t  o f  a  c o u p l e  
of f a c u l t y  members i n  t h e  Department of Land Management a t  t h e  u n i v e r s i t y  o f  
Zimbabwe) h a s  never  been used as a  b a s e  f o r  t h e  economic a n a l y s i s  of 
i r r i g a t i o n .  With more t h a n  one hundred o b s e r v a t i o n s ,  t h e  d a t a  se t  is 
c e r t a i n l y  l a r g e  enough t o  y i e l d  r o b u s t  r e s u l t s .  The s i n g l e - y e a r  c r o s s - s e c t i o n  
a n a l y s i s  which I have a l r e a d y  done ( t o  e x p l o r e  whether  t n e  b e h a v i o r  o f  t h e  
d a t a  m a k e s  s e n s e ,  i .e .  whether  one can r e a s o n a b l y  assume t h a t  t h e  d a t a  a r e  
r e l i a b l e )  g i v e  v e r y  t i g h t - f i t t i n g  p r o d u c t i o n  and s u p p l y  f u n c t i o n s ;  t h i s  is a 
v e r y  good s i g n  g i v e n  t h e  d o u b t s  e x p r e s s e d  above a b o u t  t h e  l a b o r  i n p u t  
i n f o r m a t i o n .  The a d d i t i o n  of a t i m e  series c a n  o n l y  h e l p  t o  g i v e  t h e  
h y p o t h e s i s  tests even higher power. The econometric  problem o f  b i a s  due to 

grouped d a t a  is p r e s e n t ,  b u t  c a n  be l i v e d  w i t h  a s  l o n g  a s  its e x i s t e n c e  is 
r e c o g n i z e d  from t h e  s t a r t .  

I f  t h i s  s t u d y  bears f r u i t  it w i l l  be o n l y  t h e  f i r s t  i n  a  series of  s t u d i e s  
of t h e  economics o f  l a n d  t e n u r e  i n  ~ f r i c a n  i r r i g a t i o n .  The n e x t  d a t a  se t ,  
which may p e r m i t  t h e  s t u d y  of t h e  impact  on e f f i c i e n c y  o f  t e n u r e  s e c u r i t y  as 
w e l l  a s  h o l d i n g s  s i z e ,  c o u l d  v e r y  w e l l  come from S e n e g a l ,  where my w o r k  i n  
B a k e 1  s h o u l d  g i v e  m e  a c c e s s  to SAED and W S  d a t a  on a  wide v a r i e t y  o f  
i r r i g a t i o n  p r o j e c t s .  Beyond t h o s e ,  d a t a  coming o u t  o f  t h e  Michigan and GARD 
p r o j e c t s  i n  t h e  Gambia and Am's work i n  Somal ia  might  be a p p r o p r i a t e  a s  
f o l l o w u p  s o u r c e s  (I e x p e c t  to  d o  a s h o r t  s t u d y  o f  t h e  economics  o f  i r r i g a t i o n  
i n  Somal ia  n e x t  y e a r )  . 



ATTACHMENT 1 

Notes  on t h e  Lau-Yotopoulos Methodology 

Lau and Yotopoulos  (1971,  1972)  and Yotopoulos  and Lau ( 1 9 7 3 ) ,  t o g e t h e r  
w i t n  t n e  p e o p l e  who a d o p t  t h e i r  methoaol-y sucn  a s  Khan and Maki ( 1 9 7 9 ) ,  make 
c e r t a i n  assumpt ions  a b o u t  t h e  f a c t o r s  of p r o d u c t i o n  t n a t  may n o t  be borne  o u t  
i n  LD2 a g r i c u l t u r e .  I n  o r d e r  to  d e f i n e  a  p r o f  it function, it is n e c e s s a r y  to  
d e f i n e  p r o f i t s  . A l l  t h e  p a p e r s  d e f i n e  it a s  v a l u e  o f  o u t p u t  less t h e  v a l u e  of 
v a r i a b l e  i n p u t s .  The t h r e e  f a c t o r s  t h a t  a l l  t h e s e  s t u d i e s  i d e n t i f y  a r e  l a b o r ,  
l a n d  and c a p i t a l ,  which is h a r d l y  an  a s t o n i s h i n g  l is t ,  b u t  t h e i r  d e f i n i t i o n  i n  
t h e  s t u d i e s  l e a v e s  a  l o t  to be d e s i r e d .  A l l  o f  t h e  s t u d i e s  assume t h a t  l a b o r  
is t h e  v a r i a b l e  i n p u t ,  and c a p i t a l  and l a n d  t h e  f i x e d  i n p u t s .    his is h a r d l y  
unusua l  g i v e n  t h a t  i n p u t s  a r e  g e n e r a l l y  assumed to  behave t h i s  way, b u t  i t  may 
n o t  be correct i n  many LIYCS. 

T h e r e  is n o  r e a s o n  why l a n d  s h o u l d  n o t  be  t r e a t e d  a s  a  f i x e d  f a c t o r ,  b u t  
t h e  assumpt ions  a b o u t  t h e  o t h e r  t w o  i n p u t s  may n o t  be  made c a v a l i e r l y .  
C a p i t a l  is -- f o r  d a t a  a ~ a i l a b i l i t y  r e a s o n s  -- r a r e l y  d e f i n e d  i n  t h e  s t o c k  
f o r m u l a t i o n  i n  which i t  a p p e a r s  i n  t h e  t h e o r y .  Khan and Maki, f o r  example,  
d e f i n e  c a p i t a l  a s  t h e  "sum of costs of  s e e d ,  f e r t i l i z e r ,  t u b e w e l l  w a t e r ,  and 
a n i m a l  and mechan ica l  power," (1979, p. 6 4 )  most of  which a r e  c l e a r l y  v a r i a b l e  
i n p u t s  which d o  n o t  have z e r o  o p p o r t u n i t y  cost once t h e  c u l t i v a t i o n  s e a s o n  h a s  
begun. For example,  it is c l e a r l y  p o s s i b l e  f o r  f a r m e r s  to v a r y  t h e  amount o f  
f e r t i l i z e r  they  a p p l y  t o  a g i v e n  a r e a  o f  l a n d ,  even i f  t h e  package d i r e c t i o n s  
s u g g e s t  t h a t  t h e y  s h o u l d n 8 t .  R a t i o n a l  f a r m e r s  w i l l  a p p l y  f e r t i l i z e r  -- o r  
most of t h e  o t h e r  items i n  Khan & M a k i t s  l i s t  -- a c c o r d i n g  to  m a r g i n a l  
p r o d u c t i v i t y  c o n s i d e r a t i o n s  a t  least  as s u r e l y  as t h e y  w i l l  l a b o r .  Lau and 
Yotopoulos  i n  f a c t  r e c o g n i z e  t h i s :  

T o t a l  o t h e r  costs (i .e.  costs o t h e r  t h a n  l a b o r  costs, i n t e r e s t  
on f i x e d  c a p i t a l  and l a n d  r e n t )  s h o u l d  also be  t r e a t e d  as a  
v a r i a b l e  i n p u t  of p r o d u c t i o n .   his is i m p o s s i b l e  i n  our  p r o f i t  
f u n c t i o n  f o r m u l a t i o n  due  to  t h e  f a c t  t h a t  we l a c k  the " p r i c e n  
of o t h e r  costs ... T o  t h e  e x t e n t  t h a t  t h e  p r i c e  o f  o t h e r  costs 
v a r i e s  o n l y  across s ta tes ,  i ts  e f f e c t  is c a p t u r e d  by t h e  s t a te  
dummies. An a l t e r n a t i v e  r a t i o n a l i z a t i o n  is t h a t  t h e  o t h e r  costs 
are employed i n  f i x e d  p r o p o r t i o n s  t o  o u t p u t .  (1971, p. 103 ,  
f o o t n o t e  2 5 )  

R e g a r d l e s s  of what one might  t h i n k  a b o u t  t h e  a u t h o r s 8  j u s t i f i c a t i o n  f o r  
o m i t t i n g  o t h e r  costs as a  v a r i a b l e  i n p u t ,  it is c l e a r l y  n o t  a c c e p t a b l e  f o r  
Khan and M a k i  to  t r ea t  them as f i x e d  w i t h o u t  any e x p l a n a t i o n .  

The assumpt ion  t h a t  l a b o r  is a v a r i a b l e  i n p u t  is p r o b a b l y  j u s t i f i e d  i n  
most c a s e s ,  because  f a r m e r s  and farm f a m i l y  members have almost i n s t a n t a n e o u s  
a b i l i t y  t o  s t o p  o r  s t a r t  working,  i.e. t o  v a r y  t h e  i n t e n s i t y  o f  fa rming  on a 
g i v e n  s i z e  p i e c e  o f  l a n d .  I n  the case of v e r y  low l e v e l s  o f  n o n l a ~ o r  and 
nonland i n p u t  u s e ,  however, i n  r e g i o n s  where l a n d  s c a r c i t y  makes it d i f f i c u l t  
f o r  p e o p l e  to  s u r v i v e  w i t h o u t  d e v o t i n g  e v e r y  l a s t  b i t  o f  p o t e n t i a l  e f f o r t  t o  
food p r o d u c t i o n  on t h e  l i t t l e  l a n d  t h e y  have,  l a b o r  and l a n d  may, i n  f a c t ,  be 
a p p l i e d  i n  f i x e d  p r o p o r t i o n s ,  w i t h  labor b e i n g  used up t o  some p o i n t  such  as 
z e r o  m a r g i n a l  p r o d u c t i v i t y .  Hired l a b o r ,  o f  c o u z s e ,  would n o t  have much o f  a n  
e lement  of f i x i t y  a b o u t  it. 



TO define prof i t s  as the value of output l e s s  to ta l  labor costs is, 
therefore, open t o  question. I t  would be much better t o  define varlable 
inputs as  those which are t ruly variable, which i n  low-technology LD;: 
agriculture are liirely t o  include everything except land. Tne measurenlent 
problems are severe, of course, b u t  tha t  should not stop people from trying. 

Implications for the prof it function 

The Lau-Yotopoulos p ro f i t  function derived from the CO~D-Douglas 
production function t o  compare tne re la t ive  efficiency of two groups of farms 
is written as: 

where: P is prof i t s  (value of output m i n u s  t o t a l  labor cos t s ) ;  

DL is a  dummy variable d i f ferent ia t ing  the two groups -- s izes  of 
farms or gender of household head or whatever -- t o  be distinguished 
i n  the analysis; 
W is the wage ra te ,  defined as a  weighted average of ra tes  for family 
and hired labor; 
K i s  capi ta l ,  defined as  in teres t  charges paid or imputed on the 
quantity of fixed capi ta l  per farm by ~.otopoulos and Lau (1971) , and 
as previously ci ted by Khan and Maki (1979); 
T is land, i n  u n i t s  of square measure; 
A ,  a l ,  bl, and the C i  are parameters t o  be estimated. 

W enters rather than L (labor) because of the defini t ion of p ro f i t .  K is 
not really measured as the stock of capi ta l ,  b u t  as flows of capi ta l  costs (by 
Lau & Yotopoulos, in teres t  paid on capi ta l ,  r ea l  or imputed; by Khan & Maki, 
as  input costs) ;  L&Y argue that  i f  in teres t  ra tes  are essent ial ly constant 
in teres t  costs w i l l  be essent ial ly proportional t o  the value of the capi ta l  
stock (1971, p. 103). K & M  have no excuse. Only land is measured as  one would 
"expect. " 

The mathematics of the derivation of tne p ro f i t  function imply tha t  
p r o f i t s  a re  measured as  the difference between the value of output and the 
t o t a l  cost of variable inputs. On the right-hand side, variable inputs are 
expressed by the i r  prices, and fixed inputs by their  quanti t ies .  In a  typical 
LDC farm sector ,  land and (perhaps) machinery are  the only obviously fixed 
factors.  Therefore, labor and purchased inputs should be represented by 
prices rather than quantit ies.  In most data s e t s ,  some or a l l  of these data 
are lacking. T h i s  means that  it w i l l  not be possible t o  estimate p ro f i t  
functions any better than K&M do. One wonders i f  it is worth doing a t  a l l .  

The econometric arguments about using p ro f i t  functions instead of 
production functions t o  make d i rec t  estimates of re la t ive  efficiency have t o  
do w i t h  consistency ana efficiency. The only evident bias in estimates 1s 
that  due t o  grouped data; see Maddala (1977, pp. 69, 273).  or our purposes, 
though, it is unlikely that  asymptotic problems w i l l  be cared much about. 
Therefore, perhaps production function estimates w i l l  be suff icient .  I f  so, 
estimate the Cobb-Douglas form: * 

* One could t e s t  for the assumption of unitary e l a s t i c i t y  of substitution in 
the standard manner if one desired; i f  the hypothesis were rejected one 
would have to  estimate a  CES function. 

- P 



where  Q is t h e  volume o f  o u t p u t ,  M is t h e  volume o f  p u r c h a s e d  i n p u t s ,  
and  K ,  L and  T are  a s  d e f i n e d  b e f o r e .  

Any d i f f e r e n c e  i n  t e c h n i c a l  e f f i c i e n c y  be tween  t w o  g r o u p s  o f  f a r m s  s h o u l d  
show up as a  d i f f e r e n c e  i n  t h e  c o n s t a n t  A ,  so t h a t  a dummy v a r i a b l e  would be 
as s a t i s f a c t o r y  h e r e  as i n  t h e  p r o f i t  f u n c t i o n .  The s p e c i f i c a t i o n  of the 
f u n c t i o n  f o r  e s t i m a t i o n  p u r p o s e s  s h o u l d  be: 

where  D is t h e  dummy d e s i g n e d  t o  c a p t u r e  d i f f e r e n c e s  i n  e f f i c i e n c y  
a n d  t h e  o t h e r  v a r i a b l e s  are as d e f i n e d  above .  

M ,  L and  K c a n  be d i s a g g r e g a t e d  i f  need  be t o  reflect  i n t e r n a l  d i v e r s i t y :  
f e r t i l i z e r  v e r s u s  p e s t i c i d e s ,  h i r e d  v e r s u s  f a m i l y  labor, t ractors  v e r s u s  d r a f t  
a n i m a l s .  The estimates o f  t h e  e las t ic i t i es  o b t a i n e d  f rom o r d i n a r y  l eas t  
s q u a r e s  r e g r e s s i o n s  w i l l  be u n b i a s e d ,  b u t  n o t  c o n s i s t e n t .  
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