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Government pol ic ies a f f ec t the n u t r i t i o n a l s ta tus of d i f f e r e n t popu la t ion 

g r o u p s , sometimes in ten t iona l l y bu t f a r more o f t en w i t hou t f o r e t h o u g h t . T h e 

n u t r i t i o n a l well be ing of people, p a r t i c u l a r l y persons w i t h low incomes, has 

become an impor tan t cons ide ra t ion fo r gove rnmen ts o f less deve loped c o u n t r i e s . 

Howeve r , i t is r a r e t ha t po l i cy p l anne rs have much ind ica t ion how d i f f e r e n t 

pol ic ies wi l l a f f ec t food consumpt ion and t h e r e b y n u t r i t i o n a l well b e i n g . T h i s 

is especia l ly so f o r people who opera te t h e i r own f i rms and who can ad jus t 

o u t p u t s and i n p u t s as well as labor supp l i ed and consumpt ion of goods and 

serv ices in response to p r i c e and o t h e r socio-economic v a r i a b l e s . 

The pu rpose of t h i s paper is to r e p o r t t he est imat ion o f a q u a d r a t i c e x p e n d i -

t u r e system f o r t he household consump t i on - l e i su re choice component o f a 

househo ld - f i rm model . T h i s is the f i r s t s tep in est imat ion o f t he complete model, 

wh ich wi l l p r o v i d e in fo rmat ion r e g a r d i n g de te rm inan ts of food consumpt ion . T h e n 

the n u t r i t i o n a l consequences may be t r a c e d us i ng n u t r i e n t composi t ion t ab les . 

T h e data a re a c ross sect ion s u r v e y of households in r u r a l S ie r ra Leone. 

I 

In o r d e r to t r a c e al l t he impacts o f socio-economic va r iab les on househo ld 

food consumpt ion i t is necessary to account f o r those fe l t i n d i r e c t l y t h r o u g h 

in f luence on the p r o d u c t i o n and labor s u p p l y ac t i v i t i es of t he household as 

well as d i r e c t l y on food consumpt ion . T h i s leads to mode l l ing the household 

us ing so-ca l led househo ld - f i rm mode ls . 1 O u r u n i t of ana lys is is t h u s t h e house-

ho ld . We assume c e r t a i n t y and a b s t r a c t f rom t ime. A household u t i l i t y f u n c t i o n 

is assumed w i t h a rgumen ts be ing househo ld consumpt ion o f v a r i o u s goods and of 

l e i su re . Goods may be b o u g h t o r sold in t he marke t and p r o d u c e d . Labor may 

be b o u g h t o r sold in the ma rke t . Goods are p r o d u c e d u s i n g l a b o r , l and and 

f i x e d cap i ta l . Land is assumed f i x e d in to ta l amount b u t must be d i s t r i b u t e d 

between uses. A t ime c o n s t r a i n t ex i s t s e q u a t i n g household l e i su re 



p lus labor t ime to to ta l t ime ava i lab le . F i n a l l y , a b u d g e t c o n s t r a i n t ex i s t s 

e q u a t i n g the va lue o f net p r o d u c t t r ansac t i ons p lus exogenous income to t h e 

va lue of net labor t r a n s a c t i o n s . P roduc t p r i ces and wage a re t aken exo-

genous ly by t h e househo ld , marke ts a re assumed to be p e r f e c t l y compet i t i ve 

and fami ly and h i r e d labor a re assumed p e r f e c t s u b s t i t u t e s . 

Fo rma l l y , let t he household maximize 

c 
U = U ( L , X . ) , where L = l e i su re 

c 
X. = good i consumed, i - 1 , . . . , n 

sub jec t t o : G ( X . , L - j - , D , K) = 0 

X? = X . -S . i = 1 , . . . , n i l i 

S L * L H - L T 

L = T - L H 

n 
Z P.S.+A+P. S. = 0 

i=1 1 1 L L 

where G ( 0 = impl ic i t p r o d u c t i o n f u n c t i o n 

X . = p r o d u c t i o n of good ¡=1, . . . , n 

L j = to ta l labor demanded 

D = land 

K = f i x e d cap i ta l 

S. = net sales o f good i ( p u r c h a s e i f n e g a t i v e ) , i=1, . . n 

Sj^ = net sales o f labor ( p u r c h a s e i f nega t i ve ) 

A = exogenous income 

T = to ta l t ime ava i lab le to household to a l locate between 

labor and l e i su re 

L h = to ta l household labor t ime w o r k e d 

P. = p r i c e o f good i , i=1, . . n 

P L = p r i c e o f labor 



Assume the u t i l i t y f u n c t i o n to be tw ice d i f f e r e n t i a t e , i nc reas ing in i ts 

a rgumen ts and s t r i c t l y quas i - concave . Assume the impl ic i t p r o d u c t i o n f u n c t i o n 

to be tw ice d i f f e r e n t i a b l e i nc reas ing in o u t p u t s , dec reas ing in i n p u t s and 

s t r i c t l y q u a s i - c o n v e x . We wi l l also assume i n t e r i o r so lu t ions even t h o u g h 

b o r d e r so lu t ions are easi ly handed a lgebra ica l l y ( t h i s is because est imat ion 

i n c o r p o r a t i n g b o r d e r cond i t i ons is v e r y messy) . We set up the Lagrang ian 

f u n c t i o n as 

These may be exp ressed in the more conven t iona l way of e q u a t i n g marg ina l 

ra tes of s u b s t i t u t i o n in consumpt ion between goods to p r i c e ra t ios to marg ina l 

ra tes o f t r a n s f o r m a t i o n in p r o d u c t i o n : 



G r a p h i c a l l y , f o r o u t p u t s , t h e household p roduces on i ts t r a n s f o r m a t i o n f u n c t i o n 

between two goods at the po in t at wh i ch t he slope of t he t r a n s f o r m a t i o n c u r v e 

equals re la t i ve market p r i c e s . Consumpt ion is at t he po in t o f t angency between 

t h e same marke t poss ib i l i t i es l ine and the household i n d i f f e r e n c e c u r v e s . Net 

marke ted su rp luses are measured by the usual t r a d e t r i a n g l e s . In t h i s case 

F i g u r e 1 

C - B o f good j is sold and B - A of good i p u r c h a s e d . Between o u t p u t s and labor t h e 

same s i tua t ion h o l d s . 



In t he case p i c t u r e d C ! - B f o f good i is sold and A f - B f o f labor is h i r e d . 

A n ex t reme ly impor tan t p r o p e r t y o f t h i s model is t h a t i t is r e c u r s i v e . 

T h e househo ld 's p r o d u c t i o n dec is ions are f i r s t made and subsequen t l y used in 

a l l oca t ing ava i lab le " t o ta l income" between consumpt ion o f goods and l e i su re . 

T h i s resu l t is who l l y dependen t on t h e ex is tence of marke ts f o r goods and l a b o r . 

I n t u i t i v e l y t h i s a l lows t he fami ly to separate i ts decis ions on goods demanded a n d 

househo ld goods s u p p l i e d , the d i f f e r e n c e be ing labor h i r e d (or sold o u t ) . T h i s 

can be seen g r a p h i c a l l y in F i gu res 1 and 2. More f o r m a l l y , in t h e f i r s t o r d e r 

cond i t i ons , t h e pa r t i a l d e r i v a t i v e s w i t h respect to o u t p u t s y i e l d n equat ions 

in n+2 u n k n o w n s (n good o u t p u t s , to ta l labor demanded and the ra t io o f two 

mu l t i p l i e r s ) . Two more equat ions a re added by t h e pa r t i a l d e r i v a t i v e w i t h 

respec t to to ta l labor demanded and w i t h respect to t h e mu l t i p l i e r o f t he 

impl ic i t p r o d u c t i o n f u n c t i o n . T h i s system o f n+2 equat ions in n+2 u n k n o w n s 

can be so lved in te rms o f a l l p r i ces , t he wage r a t e f i x e d land and capi ta l / as 

the resu l t o f the q u a s i - c o n v e x i t y of t he impl ic i t p r o d u c t i o n f u n c t i o n , f i r s t o r d e r 

cond i t i ons and the impl ic i t f u n c t i o n theo rem. Such so lu t ions may t hen be 

s u b s t i t u t e d in to t he budge t c o n s t r a i n t . Wi th t he pa r t i a l d e r i v a t i v e s w i t h 

respect to le i su re and consumpt ion of goods t h i s y i e l ds an add i t i ona l n+2 



equa t i ons in n+2 u n k n o w n s (n good c o n s u m p t i o n s , l e i su re a n d a m u l t i p l i e r ) , 

w h i c h may also be so lved in t e r m s o f p r i c e s , t h e wage ra te a n d nonea rned 

income, as t he second o r d e r c o n d i t i o n s a re met . 

Cond i t i ona l on t h e p r o d u c t i o n dec is ions t h i s second set o f n+2 equa t ions is 

i den t i ca l to t h e f i r s t o r d e r c o n d i t i o n s o f t h e l a b o r - l e i s u r e cho ice p r o b l e m . T h i s , 

a long w i t h o u r assumpt ions abou t t h e u t i l i t y f u n c t i o n , impl ies t h a t t h e usual 

c o n s t r a i n t s o f economic t h e o r y a p p l y : zero homogene i ty o f demand w i t h respec t 

to p r i c e s , wage r a t e a n d u n e a r n e d income, a n d s y m m e t r y a n d nega t i ve semi-

d e f i n i t e n e s s o f t h e S l u t s k y s u b s t i t u t i o n m a t r i x . L i kew ise on t h e p r o d u c t i o n s i de . 

T h e rema inde r o f t h i s pape r is c o n c e r n e d w i t h t h e demand component o f 

t h e h o u s e h o l d - f i r m model , t h a t is the p r o d u c t i o n dec is ions assumed f i x e d . 

When we la te r look at compa ra t i ve s ta t i c changes in p r i c e s , f r o m Pq~Pq to 

p ^ p . j in F i g u r e 3 we w i l l no t be e x a m i n i n g t h e e n t i r e s h i f t in consump t i on 

f r om p o i n t A to p o i n t C . R a t h e r we w i l l be l ook i ng at a s h i f t f r o m po in t A 

to some p o i n t , say E , w i t h p r o d u c t i o n he ld f i x e d at po i n t B , r a t h e r t h a n 

mov ing f r om B to D . T h e reade r on l y i n t e r e s t e d in emp i r i ca l r e s u l t s may w i s h 

to s k i p to sec t ion 5, in w h i c h t h e data are d i s c u s s e d , a n d t h e n to sec t ions 7 a n d 

8, in w h i c h r e s u l t s a re p r e s e n t e d and summar i zed . 



7 

1 1 

Systems o f demand equat ions re la te an e x h a u s t i v e set o f e x p e n d i t u r e s to 

al l p r i ces and tota l e x p e n d i t u r e (or income) . Two b road approaches are used 

in s p e c i f y i n g f u n c t i o n a l f o r m . F i r s t , one can spec i f y a p a r t i c u l a r f unc t i ona l 

f o rm . T h i s can be done e i t he r f o r t h e d i r e c t o r i nd i r ec t u t i l i t y f u n c t i o n , in 

wh ich case one w o r k s f o r w a r d to d e r i v e t he demand f u n c t i o n s ; o r f o r the 

demand f u n c t i o n s , in wh i ch case one d e r i v e s a class of d i r e c t o r i n d i r e c t 

u t i l i t y f u n c t i o n s g i v i n g r i se to t ha t f u n c t i o n . In do i ng so t h r e e r e s t r i c t i o n s 

a re genera l l y imposed: an a d d i n g up of e x p e n d i t u r e s c r i t e r i o n , zero deg ree 

homogenei ty in p r i ces and e x p e n d i t u r e s , and symmet ry o f the S l u t s k y s u b -

s t i t u t i o n m a t r i x . Negat ive semi -de f in i teness of the s u b s t i t u t i o n ma t r i x is 

not imposed b u t is usua l l y t es ted w i t h the data upon es t imat ion . A l t e r n a t i v e l y , 

one can approx ima te an u n k n o w n d i r e c t o r i n d i r e c t u t i l i t y f u n c t i o n at a po in t 

to any des i red degree o f accuracy and d e r i v e t h e demand f u n c t i o n s f rom t he 

app rox ima ted u t i l i t y f u n c t i o n . Which app roach one uses wi l l depend on what 

re la t i onsh ips t h e research wants to h i g h l i g h t , the number of obse rva t i ons ava i lab le 

to use in est imat ion and so f o r t h . As a genera l r u l e a p p r o x i m a t i n g f u n c t i o n s , 

when taken to t h e second degree of app rox ima t i on as most have been t h u s 

f a r ( e . g . , t r a n s l o g or genera l i zed L e o n t i e f ) , i nvo l ve independen t parameters to 

be est imated i nc reas ing as a mu l t ip le o f the square of t he number of commodit ies 

in t he sys tem. To decrease the number of parameters to be est imated a d d i -

t iona l c o n s t r a i n t s need to be placed on t he sys tem. Some spec i f i c f unc t i ona l 

fo rms have t h e number o f parameters i nc reas ing as a mu l t i p le o f t h e number 

o f commodit ies i n c l u d e d . T h i s is ach ieved at the p r i c e o f r e s t r i c t i o n s on t he 

t y p e of behav io r admi t ted by t h a t f o r m . In gene ra l , t h e w ider the range of 

behav io r the func t iona l form p e r m i t s , t he g r e a t e r t he number of parameters 

a r e . 



T h e l inear e x p e n d i t u r e sys tem is one example o f a demand sys tem h a v i n g 

the n u m b e r o f pa ramete rs b e i n g a m u l t i p l e o f t h e number o f commodi t ies . For 

o u r p u r p o s e s , i t has two severe l i m i t a t i o n s . F i r s t , i t r e s t r i c t s Engel c u r v e s 

to be l i nea r and second it r e s t r i c t s al l uncompensa ted c ross p r i c e e f f e c t s to be 

n e g a t i v e ( t h a t i s , income e f f e c t s a lways dominate s u b s t i t u t i o n e f f ec t s ) . O f 

lesser c o n c e r n is t h e fac t t h a t i t a l lows f o r no H i c k s - A l l e n c o m p l e m e n t a r i t y . 

A n a l t e r n a t i v e sys tem also pa rs imon ious in pa ramete rs b u t w h i c h does no t 

s u f f e r f r o m the f i r s t two de fec t s is t he q u a d r a t i c e x p e n d i t u r e s y s t e m . Howe, 

Pol lak and Wales (1979) have shown t h a t a n y q u a d r a t i c e x p e n d i t u r e system 

(QES) cons i s t en t w i t h Engel a g g r e g a t i o n ( summing up o f e x p e n d i t u r e s ) , zero 

homogene i ty in p r i c e s and to ta l e x p e n d i t u r e and s y m m e t r y o f t h e s u b s t i t u t i o n 

m a t r i x is g e n e r a t e d by an i n d i r e c t u t i l i t y f u n c t i o n o f t he f o rm 

V ( p , y ) = - g ( p ) / ( y ~ f ( p ) ) - a ( p ) / g ( p ) , whe re g ( - ) , a ( . ) and f ( . ) a re homogeneous 

o f d e g r e e one a n d y = to ta l e x p e n d i t u r e . 

T h i s f u n c t i o n gene ra tes a c lass o f q u a d r a t i c e x p e n d i t u r e sys tems o f t h e 

f o r m 

n Y c Pj , a a - 3 9 / 3 P j , , n 2 P j a g ^ P j , „ 3 f ( 2 .1 ) 
P i X i = - 2 " g a ) + — g + Pi 3 p : 

While e x i s t e n c e o f an i n d i r e c t u t i l i t y f u n c t i o n impl ies e x i s t e n c e o f a d i r e c t 

u t i l i t y f u n c t i o n , no c losed fo rm f o r t h e d i r e c t f u n c t i o n assoc ia ted w i t h t h e 

QES has been d e r i v e d . T h u s , to e x t e n d t h e c lass o f QES to t h e househo ld 

f i r m model we must w o r k w i t h i n d i r e c t u t i l i t y f u n c t i o n s . R e w r i t e t h e b u d g e t 

c o n s t r a i n t as A+TT* + P . T - E P . X ? - P . L = 0 w h e r e TR*=E P .X . -P . L - can be i n t e r p r e t e d 
L I I L I I L T 

c —• 

as s h o r t r u n p r o f i t s . T h e n as we have seen one may so lve f o r X . and L as f u n c t i o n s 

o f t h e P. , P ^ , and A + n* + P ^ T , where t h e l a t t e r sum w h i c h we m igh t cal l 

to ta l income rep laces income in t h e i n d i r e c t u t i l i t y f u n c t i o n . Hence, to 

use t h e i n d i r e c t u t i l i t y f u n c t i o n in d e r i v i n g demand c u r v e s in t h e 



Since o u r un i t o f ana lys is is t h e household r a t h e r t h a n t h e i n d i v i d u a l , we 

must dec ide how to i nco rpo ra te househo ld c h a r a c t e r i s t i c s such as size and age 
2 

d i s t r i b u t i o n in to o u r ana lys i s . T h e method we use is t r a n s l a t i o n . I t s u b t r a c t s 

commodity spec i f i c ind ices f rom q u a n t i t i e s in t he d i r e c t u t i l i t y f u n c t i o n , 

U ( X ) = U ( x „ - v . , . . . , x - v ) , where V. is a f u n c t i o n of househo ld cha rac -v 1 V ' n n ' ' i 

t e r i s t i c s . One poss ib le i n t e r p r e t a t i o n o f t he V . ' s is as commit ted q u a n t i t i e s o f 

goods ; h o w e v e r , t h e r e is no reason fo r t he V . ' s to be p o s i t i v e . I ndeed , t h i s 

modi f ied u t i l i t y f u n c t i o n g ives r i se to a demand system meet ing t he nega t i ve 

semi -de f in i teness o f the S l u t s k y s u b s t i t u t i o n mat r i x (assuming t he " u n t r a n s l a t e d " 

system met i t ) on l y fo r V . s u f f i c i e n t l y close to zero. Us ing t h i s spec i f i ca t i on , t he 

h o u s e h o l d - f i r m model we need on l y Roy 's i d e n t i t y . T h e n 

Set t ing g (P ) 

we ob ta in t he i n d i r e c t u t i l i t y f u n c t i o n 

where le i su re is t r e a t e d as the n+1 good . T h e C^ and d k 

are cons tan ts to be de te rm ined f rom t he da ta . The r e s u l t i n g e x p e n d i t u r e equat ion is 

T h i s has as a special case the l inear e x p e n d i t u r e system p r o v i d e d a.=d., V . . 



e f fec ts o f demograph ic va r iab les on q u a n t i t i e s consumed comes t h r o u g h income 

e f f e c t s . T h i s may be seen by w r i t i n g the i n d i r e c t u t i l i t y f u n c t i o n associated 
n+1 

w i t h t h i s spec i f i ca t i on , V ( p , P. T+TT * A - Z P. V , ) . T h a t is e v e r y w h e r e to ta l 
L k = 1 K K 

income appears one s u b t r a c t s f rom it t he sum of va lues o f these commodity 

i nd i ces . 

A n a l t e r n a t i v e spec i f i ca t ion due to B a r t e n (1964) is sca l i ng . For t h i s , 

one w r i t e s t he d i r e c t u t i l i t y f u n c t i o n as U ( X . / L , . . . , x
n / ' n ) / where t he 

I. are f u n c t i o n s o f t he demograph ic va r i ab les and have t h e i n t e r p r e t a t i o n o f 

commodi ty spec i f i c consumer equ iva lence scales ( f o r t he QES the 1, must be 

p o s i t i v e ) . T h e r e s u l t i n g i n d i r e c t u t i l i t y f u n c t i o n is o f t he fo rm 

V f p ^ , . . . , P n ' n ' P L T + 7 r + A ) ; h e n c e t h e i n f l uence of demograph ic va r i ab les 

wi l l be fe l t t h r o u g h p r i c e s . T h e sca l ing spec i f i ca t ion was t r i e d b u t d i sca rded 

fo r reasons to be d iscussed l a t e r . 

A n o t h e r va r i ab le w h i c h shou ld be dependen t on household c h a r a c t e r i s t i c s 

is to ta l t ime ava i lab le to t he househo ld . Us ing a l i nea r l y homogeneous spec i f i -
K 

cat ion f o r the t r a n s l a t i o n parameters we w r i t e V . = Z a. n , where n , r = 1 , . . K 
1 r=1 1 

are household c h a r a c t e r i s t i c s and t h e a. 's a re pa rame te rs . L i kew ise , f o r to ta l 
q 

t ime we may w r i t e T = Z y m , where m , r=1, . . . , L a re househo ld c h a r a c t e r i s t i c s 
r=1 r r r 

and t he y's a re pa ramete rs . T h e r e s u l t i n g e x p e n d i t u r e equa t ion o f the QES is 

Since le i su re is not d i r e c t l y o b s e r v e d we s u b t r a c t f rom b o t h sides of the le isu re 

e x p e n d i t u r e equa t ion t he va lue o f t ime ava i lab le to t he househo ld . T h e le f t hand 

s ide becomes t he nega t i ve o f the va lue of household l abo r , wh i ch we do o b s e r v e . 

Thujs the l e i su re equat ion becomes 

(3 .1 ) 



T h i s dev ice avo ids the need to impose va lues fo r T , such as a male h a v i n g exac t l y 

s ix teen hou rs per day ava i lab le fo r w o r k and l e i su re . Wi th n+1 commodi t ies, K 

t r ans l a t i on demograph ic va r iab les and q demograph ic va r i ab les fo r tota l t ime 

t h i s system has at most (3+K) (n+1) -2+q parameters to est imate ( fewer i f some 

o f t h e n r
f s and m r ' s a re i d e n t i c a l ) . 

S p e c i f y i n g the e r r o r s t r u c t u r e o f t he househo ld - f i rm model can p roceed in 

two ways . We can spec i fy an e r r o r s t r u c t u r e w i t h i n t he u t i l i t y and p r o d u c t i o n 

(or p r o f i t ) f u n c t i o n s and d e r i v e t h e a p p r o p r i a t e e r r o r s t r u c t u r e f o r t he e x p e n d i -

t u r e equa t i ons . T h e more common app roach has been to append an e r r o r s t r u c -

t u r e on to t he demand and s u p p l y equat ions w i t h , p e r h a p s , some a t t e n t i o n to 

p r o p e r t i e s of t he e r r o r s t r u c t u r e . 

In the f i r s t app roach we cou ld add a s tochast ic component to u t i l i t y a n d 

p r o d u c t i o n excep t t ha t we a re a b s t r a c t i n g f rom u n c e r t a i n t y . A l t e r n a t i v e l y , 

we can assume randomness in parameters wh i ch re f l ec t s d i f f e rences in 

household t as tes . T h i s has been p u r s u e d by Pol lak and Wales ( 1969) and 

Wales and Woodland (1979) . For t h i s s t u d y randomness in demand parameters 

to account f o r d i f f e rences in tas tes makes sense on l y i f we t h i n k impor tan t 

d i f f e r e n c e s ex is t w h i c h a re not due to demograph ic c h a r a c t e r i s t i c s . Wales 

and Woodland append e r r o r s to f i r s t o r d e r cond i t i ons o f u t i l i t y max imiza t ion . 

I n t e r p r e t i n g such e r r o r s as e r r o r s in a l locat ion r a t h e r t h a n de te rm in i s t i c 

components r e f l e c t i n g d i f f e rences in tas tes wou ld lead to est imat ion of t he 

IV 



s t r u c t u r a l f i r s t o r d e r cond i t ions ra the r t han the reduced form demand, expend i -

t u r e or share equat ions . D e r i v i n g the l ike l ihood f unc t i on fo r the obse rved 

commodity and fac to r i npu t demands and o u t p u t suppl ies would be a s t r a i g h t -

f o r w a r d ( t h o u g h messy) mat ter o f t a k i n g t he Jacobian of the t r ans fo rma t i on 

f rom e r r o r s to observed var iab les and m u l t i p l y i n g tha t by t he l ike l ihood f u n c t i o n 

o f the e r r o r t e rms , wh ich we would assume. 

I f we are to be more convent iona l we can add e r r o r s to the reduced f o rm . 

Here the ques t ion ar ises wh ich form of the reduced form should e r r o r s be 

added t o . The choices are t h r e e f o l d : fo r the demand system they are demand 

equa t ions , e x p e n d i t u r e equat ions and share equa t ions . The choice wi l l depend 

on wh ich form one expects the d i s tu rbances to have des i rab le p r o p e r t i e s . For 

household t let be an n vec to r e r r o r . Assume e^s to be i id N ( 0 , Z ) so t ha t 
i i i i 

e = (e y e 2 , . . . j ) " N ( 0 , l ) . On wh ich form o f t he reduced form is 

th i s most l i ke ly to hold? In p a r t i c u l a r fo r wh ich form are the e^s iden t ica l l y 

d i s t r i b u t e d ? Pollak and Wales in most of t h e i r wo rk bel ieve t he share equat ions 

are the p r o p e r ones to wh ich to add th i s e r r o r s t r u c t u r e . Us ing exper ience 

f rom es t imat ing Engel c u r v e s they feel t he e r r o r s on e x p e n d i t u r e equat ions 
2 

have a hetenoskedastic na tu re o f the form E ( e t j e ^ ) = a j j Y t / Y t
 E t o t a ' e xpend i -

t u r e . Hence, d i v i d i n g each equat ion by y , r e s u l t i n g in share equat ions, is 

the app rop r i a t e so lu t ion . A l t e r n a t i v e l y , one might assume as d id Pollak and 

Wales ( 1969) tha t e r r o r s on the demand equat ions have s t r u c t u r e 

^ c ^ c 
E(e .£ .) = a . . X . X . where the hats ind icate non-s tochas t i c p o r t i o n s . De f in ing 

spec i f ied , res idua ls may be examined f o r the approp r ia teness of t he spec i f i ca-

t i o n , and if he te roskedas t i c i t y is suspected s ta t is t ica l tes ts may be pe r fo rmed . 

However the e r r o r s t r u c t u r e is 



n+1 
As usual f o r complete systems £ £..=0, V s ince t he va lue o f e x p e n d i t u r e s 

i=1 t ! 1 

on goods and le i su re adds to to ta l income at all sample p o i n t s . Hence, t he 

f u l l covar iance ma t r i x is s i n g u l a r and we d r o p one equa t ion f o r est imat ion 
3 

(see B a r t o n (1969 ) ) . Do ing t ha t we can w r i t e t he l i ke l ihood f u n c t i o n as 

L = ( 2 7 T ) - n T / 2 | z r T / 2 i I |F t | r f e x p M ^ F " 1 £ ~ V £ t } ' ( 4 .1 ) 

t=1 

T h i s f u n c t i o n is non l inear in pa ramete rs . B a r n e t t (1976) and Gal lant and 

Hol ly (1980) have shown t h a t u n d e r su i tab le r e g u l a r i t y cond i t i ons maximum 

l i ke l ihood es t imators are cons is ten t and asympto t i ca l l y e f f i c i e n t w i t h t he 
A I j ^ <| 

asympto t i c d i s t r i b u t i o n o f A ( B - B ) be ing T ^ o o ( l / T } " , where ^ i n f o r m a t i o n m a t r i x . 

One rema in ing ques t i on is the independence o f TT* and e I f TT* is assumed 

g i v e n as is usua l l y done f o r to ta l e x p e n d i t u r e in demand sys tems, t h e n t h e r e is 

no p rob lem. Howeve r , t h i s system is d e r i v e d f rom a household f i rm model hence 

i f 7T*has a s tochast ic component i t m igh t be co r re l a ted w i t h e t in wh i ch case t h e r e 

is an endogene i t y p rob lem and t he demand system cannot be cons i s t en t l y est imated 

apa r t f rom t he p r o d u c t i o n sys tem. I f , h o w e v e r , t he d i s t u r b a n c e s on t h e demand 

and p r o d u c t i o n equat ions o f t he household f i r m model are i ndependen t t h e n the 

system is b lock r e c u r s i v e 5 and indeed separate maximum l i ke l ihood es t imat ion 

is ident ica l to maximum l i ke l ihood es t imat ion o f t he l a r g e r sys tem. A t t h i s t ime 

we assume such independence. However , i t is a tes tab le assumpt ion and in 
6 

l a te r w o r k w i l l be t es ted . 

V 

T h e data a re f rom a c ross sect ion s u r v e y of households in r u r a l S ie r ra Leone 

taken d u r i n g t he 1974-75 c r o p p i n g yea r ( M a y - A p r i l ) . S ie r ra Leone was d i v i d e d 

in to e igh t geograph ica l reg ions chosen to con fo rm w i t h ag ro -c l ima t i c zones and 

those were used to s t r a t i f y t h e sample. Wi th in these reg ions t h r e e enumera t ion 



areas were randomly p i c k e d and households sampled w i t h i n these . Households 

were v i s i t e d tw ice week ly to ob ta in i n fo rmat ion on p r o d u c t i o n , sales and labor 

use,among o t h e r v a r i a b l e s . Hal f t he households were v i s i t e d tw ice d u r i n g one 

week pe r month to ob ta in marke t p u r c h a s e i n f o rma t i on . Est imates o f amounts 

a p p a r e n t l y consumed out o f home p r o d u c t i o n were d e r i v e d by s u b t r a c t i n g sales, 

wages in k i n d pa id ou t (and seed use f o r r i c e , t he major crop) f rom p r o d u c t i o n 

and a d d i n g wages in k i n d r ece i ved . These were f u r t h e r ad j us ted fo r 

p rocess ing to avo id doub le c o u n t i n g , and f o r s to rage losses. Marke t pu rchases 

were t h e n added to ob ta in to ta l a p p a r e n t c o n s u m p t i o n . 7 O u r sample size 

is 138 househo lds . 

Labor supp l i ed data were fo rmed by summing hou rs w o r k e d fo r a g r i -

c u l t u r a l and n o n a g r i c u l t u r a l e n t e r p r i s e s and f o r labor sold o u t . Un i t s a re in 

terms of male equ i va len ts w i t h we igh ts 1 f o r males ove r 15, .75 fo r females 

o v e r 15 and .5 f o r c h i l d r e n aged 10-15. T h e we igh ts are d e r i v e d f rom 

r e l a t i v e wage ra tes in t he sample as r e p o r t e d by Spencer and Bye r l ee ( 1977). 

Pr ices were fo rmed by the e igh t geograph ica l r e g i o n s . A n n u a l sales p r i ces 

were fo rmed us ing t h e l a r g e r sample of 328 households f o r w h i c h re l iab le p r o -

d u c t i o n and labor use data were ava i lab le . Va lue o f reg iona l sales was d i v i d e d 

by sales q u a n t i t y fo r each o f 195 commodi t ies. L i kew ise , reg iona l p u r c h a s e 

p r i ces were fo rmed f o r 113 commodi t ies. A concordance between commodit ies 

p u r c h a s e d and sold was es tab l i shed and a commodi ty p r i c e f o r each reg ion 

was t h e n fo rmed by t a k i n g a we igh ted average o f sales and p u r c h a s e p r i ces 

w i t h reg ion spec i f i c we igh t s be ing the share o f to ta l e x p e n d i t u r e f o r a commodity 

coming f rom e i t he r purchases or home p r o d u c t i o n . Commodit ies were t h e n 

agg rega ted in to s ix g r o u p s w i t h va lues consumed be ing used as we igh ts 

to fo rm a r i t hme t i ca l l y we igh ted p r i c e s . Wage is in te rms o f male e q u i v a l e n t s . 



Actua l A v e r a g e Tota l E x p e n d i t u r e Shares 
By E x p e n d i t u r e G r o u p ! 

Commodity E x p e n d i t u r e G roup 

Low Midd le H igh Mean 

Rice .25 .24 .24 .24 

Root c rops and 
o t h e r cereals (o the r 
t h a n r ice) 

.05 .06 . 14 .10 • 

Oi ls and fa ts .08 .07 .11 .10 

F ish and 
animal p r o d u c t s 

.13 .12 .11 .12 

Miscel laneous 
foods 

.12 .13 .09 .11 

Nonfoods .38 .37 .30 .33 

1 See Tab le A . I I f o r d e f i n i t i o n s . 



Data on household c h a r a c t e r i s t i c s were ava i lab le f o r to ta l s ize, age composi t ian 

by 0-5 y e a r s , 5-10 y e a r s , 11-15 y e a r s , 16-65 yea rs and o v e r 65 y e a r s . In a d d i -

t i o n , data on number o f w i v e s , yea rs o f Eng l i sh and A r a b i c educa t ion by t he 

househo ld head, age of househo ld head, e thn i c g r o u p ( t h e r e are t h r e e major 

ones in o u r sample) and reg ion l i ved in a r e ava i lab le . Since e thn i c g r o u p s 

t e n d to l i ve in con t i guous areas t h i s in fo rmat ion is also reg iona l in cha rac te r 

( t h o u g h not ident ica l to t he e igh t s u r v e y r e g i o n s ) . 

The commodity c lass i f i ca t ion is g i ven in A p p e n d i x Tab le A . I . As one can 

see by t he ave rage to ta l e x p e n d i t u r e sha res , r e p o r t e d in Tab le I, r i ce is t h e 

major s tap le w i t h cassava ( i n c l u d e d in 'Voot c rops a n d o t h e r cereals11) the main 

s u b s t i t u t e . Rice t ends to be eaten w i t h a sauce and bo i led cassava w i t h a 

s tew , b o t h cooked w i t h palm o i l . B o t h sauce and stew a r e made w i t h vegetab les 

(on ions , p e p p e r s , tomatoes -:nd leafy g reens) a n d some meats. Sauces t e n d 

to inc lude d r i e d f i s h and stews f r e s h f i s h . 

Sample c h a r a c t e r i s t i c s a re shown in Tab le A . I I in t h e a p p e n d i x . T h e 

sample is d i v i d e d in to t h r e e e x p e n d i t u r e g r o u p s when compu t i ng the averages 

as it is f o r much o f t h e la te r ana l ys i s . These g r o u p s a re to ta l e x p e n d i t u r e 

u n d e r 350 Leones, between 350 and 700 Leones, and g r e a t e r t han 700 Leones. 

To get an idea o f how poor these househo lds a re , the annua l pe r cap i ta 

e x p e n d i t u r e s in 1974-75 U . S . do l l a r s a re $54, $88, and $136 respec t i ve l y f o r 

the low, midd le and h i g h e x p e n d i t u r e g r o u p s . For t he cap i ta l c i t y , F ree town 

( w h i c h was sampled f o r a m ig ra t i on component o f t h i s s t u d y ) when d i v i d e d in to 

t h r e e g r o u p s , t he average income o f t h e middle g r o u p is $153. Hence, even 

o u r " h i g h " e x p e n d i t u r e households are q u i t e poor b o t h compared to u r b a n 

S ie r ra Leone as well as comparea to o t h e r c o u n t r i e s . 

V I 

Spec i f i ca t ion o f p r i ces and of t he de te rm in i s t i c p a r t o f to ta l income (A+TT*) 

is d i c t a t ed by t h e commodity c lass i f i ca t ion ; howeve r , spec i f i ca t ion o f t he 



t r a n s l a t i o n parameters and of household to ta l t ime is n o t . A l l o f the potent ia l 

household cha rac te r i s t i c va r iab les cou ld not be i nc luded iri t he QES est imat ion 

because too many parameters would be i nvo l ved ( remember each demograph ic 

va r i ab le has n+1 parameters associated w i t h it in a system of n commodit ies 

p lus l e i s u r e ) . In o r d e r to choose wh i ch cha rac te r i s t i c va r i ab les shou ld en te r 

t he system s ing le equat ion demand; reg ress ions were r u n us i ng al l of t h e 

potent ia l v a r i a b l e s . Func t iona l fo rm was chosen to mimic t he QES and t h e 
o 

equat ions were est imated in share f o r m . A l l possib le subsets of i ndependen t 

—2 

va r iab les were examined and r a n k e d by R . In genera l equat ions w i t h 

maximum R inc luded the re levan t p r i ce and e x p e n d i t u r e v a r i a b l e s . When 

t h i s was not so equat ions h a v i n g t he h ighes t R and i n c l u d i n g these va r iab les 

were chosen. From t h i s exerc ise severa l household c h a r a c t e r i s t i c va r iab les 

d i d well in t he sense of be i ng i nc luded in t he chosen equat ions fo r severa l 

commodi t ies. Moreove r , some var iab les had coe f f i c ien ts wh i ch were f a i r l y 

cons i s ten t l y close in magn i tude ; hence, they cou ld be combined. T h e f ina l 

set of chosen demograph ic va r iab les f o r t r ans l a t i on parameters was household 

s ize, c h i l d r e n u n d e r 10 and e i t he r an e thn ic dummy set to one i f t he household 

was Temne o r Limba (Mende is t h e o t h e r major g r o u p ) , or a reg ional dummy 
g 

set to one i f t he household l i v e d in t h e n o r t h e r n r e g i o n . For to ta l t ime ava i lab le 

to t he household t he va r iab les chosen were persons o v e r 10, females ove r 15 

and c h i l d r e n aged 11-15. Since a d d i n g a c h i l d unde r 10 also increases house-

ho ld size by one t he to ta l e f fec t of a d d i n g a c h i l d u n d e r 10 on t he t r a n s l a t i o n 

parameters wi l l be t he sum of t he c h i l d r e n u n d e r 10 and household size 

coe f f i c i en t s . T h e c h i l d r e n u n d e r 10 coe f f i c i en t may be i n t e r p r e t e d as be ing 

the d i f f e r e n t i a l e f fec t o f c h i l d r e n u n d e r 10 f rom persons o v e r 10. 

From equat ion 3.1 o r 3 .2 we can see tha t t he household c h a r a c t e r i s t i c 

va r iab les are mu l t i p l i ed by p r i ces when t hey en te r t he QES. A n i den t i f i ca t i on 

prob lem ar ises f rom ou r choice of demograph ic va r iab les because wage t imes 



where we have used t h e fac t t ha t n+ l=7 , K=q=3. I t is appa ren t f rom equa t ion 6 ,1 

t h a t t he coe f f i c i en t o f wage t imes persons o v e r 10 ( y - a 7 1 ) is i d e n t i f i e d , b u t not 

i ts components . L i kew ise , f o r t h e coe f f i c i en t of wage t imes c h i l d r e n u n d e r 10 

10 3 

( a 7 2 + a 7 1 ) . In consequence to ta l t ime , T = Z Y r ™ r is not i d e n t i f i e d . For t h e 
r=1 r r 

major ques t i ons in w h i c h we are i n t e res ted t h i s is not t r oub lesome. 

T h e f i na l QES spec i f i ca t ions which we est imate have seven commodi t ies, t h r e e 

t r a n s l a t i o n demograph ic va r i ab les and t h r e e to ta l t ime demograph ic v a r i a b l e s . 

The number o f parameters is 4 2 . 1 1 These systems in t h e i r e x p e n d i t u r e fo rm were 

est imated u s i n g t he Dav idon—Fle tche r -Powe l l a l go r i t hm as ava i lab le on t h e 
12 

GQOPT package of numer ica l op t im iza t ion r o u t i n e s . Since t h e r e was ques t i on 

a p r i o r i whe the r t he d i s t u r b a n c e s on t h e e x p e n d i t u r e equa t ions were i den t i ca l l y 

d i s t r i b u t e d we took squa red res idua ls f rom these equa t ions and reg ressed them 

on va r i ab les to wh i ch the va r iances were hypo thes i zed to be p r o p o r t i o n a t e . In 

p a r t i c u l a r , t hey were reg ressed on a cons tan t and the square of f i t t e d va lue 

~ 2 
( i . e . , V (£ .) = X . . a . . ) , and a cons tan t and t he squa re o f t h e o b s e r v e d p a r t o f a r v t i t i ii ' ^ ^ 2 to ta l income (V (£ j..)=tt a . . } . T h e r e s u l t s o f t he l a t t e r were m ixed , in t h r e e ou t a r v t r u 

o f s i x reg ress ions t h e cons tan t te rm be ing s i g n i f i c a n t and not squa red p r o f i t s 

and v i ce v e r s a . As can be seen f rom Tab le A. IV squa red f i t t e d va lues were v e r y 

household size equals wage t imes persons o v e r 10 p lus wage t imes persons 

u n d e r 10. Hence, one o f these va r iab les must be d r o p p e d to avo id pe r fec t 

m u l t i c o l l i n e a r i t y . We d r o p t h e household size va r i ab l e and r e w r i t e equat ion 3 .1 . 



s ign i f i can t in f i v e ou t of s ix reg ress ions and s i gn i f i can t a t t he .10 level in t he 

s i x t h . Moreove r , reg ress ion s t a n d a r d e r r o r s f o r the reg ress ion u s i n g squa red 

f i t t e d va lues were un i f o rm ly lower t han f o r the reg ress ions us i ng squa red 

p r o f i t s . T h e e r r o r spec i f i ca t ion g i v i n g r i se to t h i s r esu l t is £ t ^ N ( 0 F tZ F t ) 

^ c 
where F t = d iagonal (j p .X t j I) - A l t e r n a t i v e l y , t h i s amounts to w e i g h t i n g each 

^ c 
equat ion fo r obse rva t i on t and good i by 1 /J p . X J . C lear ly then t he f u n c t i o n 

i ^c i is not de f i ned fo r p .X . . = 0. | r i t i 1 

T h e e r r o r spec i f i ca t ion us ing abso lu te f i t t e d va lues was used and maximum 

l i ke l i hood est imat ion t r i e d . U n f o r t u n a t e l y , t he a lgo r i t hms kep t s t o p p i n g at a 

po in t a t wh i ch j p ,X t . | was n e a r l y zero f o r some i and some t , b u t wh i ch were 
13 

c lea r l y not local op t ima. D i f f e r e n t s t a r t i n g va lues f o r parameters were t r i e d , 

u n s u c c e s s f u l l y . I t was t h e n dec ided to use f o r p . X t . t he va lues f rom est imat ion 

14 

o f t he e x p e n d i t u r e fo rm equa t i ons , and to t r e a t these as c o n s t a n t s . T h i s is 

an ex tens ion to reg ress ions non l inear in parameters o f Amemiya 's (1973) 

sugges ted two s tep p r o c e d u r e f o r t h e l inear reg ress ion case. He showed such 

t w o - s t e p es t imators to be cons is ten t w i t h a known d i s t r i b u t i o n , b u t not 

asympto t i ca l l y e f f i c i e n t . Ha lbe r t White (1980) has shown ( theorem 2.4) t ha t 

an u n w e i g h t e d non l inear least squares est imator is a s t r o n g l y cons is ten t 

es t imator when e r r o r te rms a re not i den t i ca l l y d i s t r i b u t e d , u n d e r some f a i r l y 

weak r e g u l a r i t y assumpt ions . What we have is a system of non l inear seemingly 

u n r e l a t e d r eg ress i ons . Since es t imat ing such equat ions j o i n t l y a f f ec t s o n l y 

e f f i c i e n c y , not cons is tency (assuming no m isspec i f i ca t i on ) , White's resu l t is 

app l i cab le 

to o u r f i r s t r o u n d es t ima to rs . In p a r t i c u l a r o u r est imates of f i t t e d 

va lues are c o n s i s t e n t . T h a t in t u r n means o u r second s tage est imates a re con-

s i s t e n t . These est imates a re not u n r e s t r i c t e d maximum l i ke l ihood and so a re 

p resumab ly not asympto t i ca l l y e f f i c i e n t . Cond i t iona l on t he f i r s t r o u n d 
est imates o f f i t t e d va lues they a re mle and A ( B - B ) shou ld be asympto t i ca l l y 

I im — 1 

d i s t r i b u t e d as N ( 0 / T + o o ( l / T ) ), w i t h t he in fo rmat ion ma t r i x ca lcu la ted t r e a t i n g 

F as be ing f i x e d . 



T h e second stage cond i t iona l maximum l i ke l i hood est imates were ob ta ined 

w i t h r e s u l t i n g parameters a n d t h e i r asympto t i c s t a n d a r d e r r o r s shown in 

Tab le A J I I . 

Use of t h e e thn ic g r o u p dummy resu l t ed in a lower l og - l i ke l i hood v a l u e , 

-3577 .1 as aga ins t -3487 .4 f o r t he est imat ion us i ng t he reg iona l dummy. 

R e g u l a r i t y cond i t i ons were tes ted by compu t i ng e igenva lues of t h e S l u t s k y 

1 5 
s u b s t i t u t i o n m a t r i x . For t he system us ing t he reg iona l dummy r e g u l a r i t y 

16 

cond i t i ons held at 113 ou t of 138 sample po in ts as aga ins t none when u s i n g 

t h e e thn i c g r o u p dummy. 

T h e reason fo r t h i s f a i l u r e was a small nega t i ve ( i . e . , - . 2 ) compensated 

own p r i c e e las t i c i t y f o r labor s u p p l y . T h e o the r compensated own e las t ic i t ies 

were o f t he expec ted s igns and somewhat h i g h e r in abso lu te va lue t h a n those 

of t he system u s i n g t h e reg iona l dummy. For these two reasons t h e reg ional 

dummy v a r i a b l e seems p r e f e r a b l e and resu l t s f rom t h a t es t imat ion wi l l be used 

in t h e ensu ing d i scuss ion . 

Us ing t he reg ional dummy, t w e n t y - t w o ou t of f o r t y - t w o parameters have 

t he abso lu te va lue of t h e i r coe f f i c i en ts g r e a t e r t han 1.96 t imes t h e i r s t a n d a r d 

e r r o r s , t w e n t y - s i x have abso lu te values of coe f f i c i en ts more t h a n 1.65 t imes 

t h e i r s t a n d a r d e r r o r s , and t h i r t y have s t a n d a r d e r r o r s less t h a n t h e i r 

coe f f i c ien ts 1 abso lu te v a l u e . T h e he te roskedas t i c i t y p rob lem has nea r l y 

d i sappea red . Tab le A.IV shows a s i g n i f i c a n t cons tan t te rm and i n s i g n i f i c a n t 

coe f f i c i en t fo r squa red f i t t e d va lues on f o u r ou t of s ix reg ress ions o f squa red 

we igh ted res idua ls on those v a r i a b l e s . For one reg ress ion b o t h cons tan t and 

s q u a r e d f i t t e d va lue a re s i g n i f i c a n t a n d f o r t h e o t h e r t he cons tan t te rm is 

s i gn i f i can t and the squa red f i t t e d va lue te rm b o r d e r l i n e , 1 7 

A ser ies of Wald tes ts were r u n on d i f f e r e n t hypo theses and are r e p o r t e d 
18 

in Tab le 2. F i r s t we tes t H :a.=c.,V.= 1, . . . , 6. T h e va lue of t he s ta t i s t i c 



Tab le II 

C h i - S q u a r e S ta t i s t i cs f rom Wald Tests^ 

Tes t o f S ta t i s t i c Degrees o f Freedom 

1. LES as special case o f QES 19.0 6 

2. Household size coe f f i c i en ts 29.1 6 

3. C h i l d r e n unde r 10 years 70.1 7 
coe f f i c i en ts 

4. Equa l i t y w i t h oppos i te s igns 100.1 6 
o f household size and c h i l d r e n 
u n d e r 10 coe f f i c i en ts 

5. Pr ice coe f f i c i en ts 38.9 7 

6. E thn i c g r o u p dummy 50.1 7 
coe f f i c ien ts 

7. Equa l i t y w i t h oppos i te s igns 18.1 7 
o f p r i c e and e thn i c g r o u p 
dummy coe f f i c ien ts 

1 From QES w i t h reg ional dummy. 



is 19.0 wh ich is asympto t i ca l l y d i s t r i b u t e d as a c h i - s q u a r e va r i ab le w i t h s ix 

degrees of f reedom. T h i s is s i gn i f i can t at somewhat less t han t he .005 leve l ; 

hence we can re jec t the hypo thes i s t h a t we shou ld have est imated a l i near 

e x p e n d i t u r e sys tem. T h e coe f f i c i en ts on household size , wh i ch is t h e e f fec t 

o f a u n i t change in persons o v e r 10 on t h e commodity spec i f i c t r a n s l a t i o n 

pa ramete rs , a re j o i n t l y s i g n i f i c a n t as a re t he coe f f i c i en ts f o r c h i l d r e n u n d e r 10. 

Hence, c h i l d r e n u n d e r 10 a f fec t t he t r a n s l a t i o n parameters in a way d i f f e r e n t 

f rom household members o v e r 10. Since t h e to ta l e f fec t o f c h i l d r e n u n d e r 10 

on t r a n s l a t i o n parameters is t he sum o f t h e i r coe f f i c i en ts p lus household size 

coe f f i c ien ts i t is i n t e r e s t i n g to tes t whe the r t he sum of these is j o i n t l y s i g n i f i -

can t l y d i f f e r e n t f rom zero . As can be seen t he s ta t i s t i c is 100.1 wh i ch w i t h 

s ix degrees of f reedom is h i g h l y s i g n i f i c a n t . T h e p r i c e c o e f f i c i e n t s , t he c.'s, 

a re j o i n t l y s i gn i f i can t as are the reg ional coe f f i c i en t s . T h i s means tha t t h e 

p r i c e coe f f i c ien ts f o r s o u t h e r n househo lds ( f o r when t he dummy is zero) a re 

s i g n i f i c a n t and s i g n i f i c a n t l y d i f f e r e n t f rom t h e p r i c e coe f f i c i en t s f o r n o r t h e r n 

househo lds . S ince t h e p r i c e coe f f i c i en ts f o r t h e l a t t e r a re the sum o f t h e 

s o u t h e r n p r i c e coe f f i c i en ts and the dummy coe f f i c i en ts we tes t whe the r t h i s 

sum is j o i n t l y s i g n i f i c a n t l y d i f f e r e n t f rom zero, wh ich it t u r n s out to be between 

t he .025 and t he .01 l eve l s . 

V I I 

Shares o f marg ina l e x p e n d i t u r e , p r i c e e las t ic i t ies o f demand and marg ina l e f f ec t s 

o f household c h a r a c t e r i s t i c va r iab les a re f u n c t i o n s , u s i n g t h e QES, not on ly o f 

19 

parameters b u t also of da ta . Hence, one has to choose at wh i ch sample po in t s 

to eva luate t hese . We have chosen to d i v i d e t he sample in to t h r e e g r o u p s 

based on tota l e x p e n d i t u r e f o r t h i s p u r p o s e . T h e d i v i d i n g l ines chosen a re 

less t h a n 350 Leones annua l e x p e n d i t u r e , 2 0 between 350 and 750 Leones 



i n c l u s i v e , and g rea te r t h a n 750 Leones. T h e sample sizes f o r these g r o u p s 

are 44, 51 and 43 r e s p e c t i v e l y . T h e main j u s t i f i c a t i o n fo r such a d i v i s i on is 

t h a t many o b s e r v e r s are conce rned w i t h responses o f people in d i f f e r e n t 

income g r o u p s , p a r t i c u l a r l y the lower ones . 

One can see f rom Tab le A . 11 tha t the lower e x p e n d i t u r e g r o u p faces 

r e l a t i ve l y lower p r i ces fo r root c rops and o the r cereals and f o r non foods , b u t 

21 

h i ghe r p r i ces f o r o i ls and fa ts and f i s h and animal p r o d u c t s . Household size 

t ends to be smal ler f o r t he lower e x p e n d i t u r e g r o u p as does t he p r o p o r t i o n o f 

fami ly members u n d e r ten y e a r s . 
22 

Shares o f marginal to ta l e x p e n d i t u r e are r e p o r t e d in Tab le 3. T h e y 

gene ra l l y seem to be p laus ib le . T h e share f o r r i ce dec l ines w i t h h i ghe r to ta l 

e x p e n d i t u r e as one wou ld expec t a l t h o u g h the .02 share fo r h i g h e x p e n d i t u r e 

households seems a l i t t l e low. T h e low share f o r root c rops and o the r cereals 

is not s u r p r i s i n g , t h o u g h one wou ld not have expec ted t he marg ina l share to 
23 

r i se w i t h e x p e n d i t u r e . Note tha t in b o t h the low and the h i g h e x p e n d i t u r e 

g r o u p s the marg ina l share is less t han the ave rage . I n p a r t i c u l a r , the share 

is not nega t i ve at o u r mean eva lua t ion p o i n t s . T h i s is i n t e r e s t i n g because many 

o b s e r v e r s have hypo thes i zed t h a t cassava may be an i n f e r i o r good fo r h i g h e r 

income g r o u p s in West A f r i c a . T h i s may s t i l l be the case, h o w e v e r , s ince t h e 

g r o u p , root c r o p s and o t h e r cerea ls , con ta ins e x p e n d i t u r e s on sorghum r o u g h l y 

equal to those on cassava, and sorghum is not usua l l y hypo thes ized to be an 

i n f e r i o r good . 

Uncompensated p r i ce e las t ic i t ies o f demand are r e p o r t e d in Tab le 4. For 

r i ce t h e own p r i c e e las t i c i t y dec l ines in abso lu te va lue w i t h e x p e n d i t u r e g r o u p . 

P a r t , b u t not a l l , o f t h i s is due to an income e f fec t dec l i n i ng w i t h e x p e n d i t u r e 

g r o u p . T h i s is c e r t a i n l y not s u r p r i s i n g . Root c rops seem not to be p r i ce 

respons i ve . T h e h i ghe r e x p e n d i t u r e g r o u p is s l i g h t l y more respons ive to 

p r i c e , p a r t l y due to an i nc reas ing income e f f e c t . T h e re la t i ve un respons iveness 



Share of Marg ina l Tota l E x p e n d i t u r e 1 

by E x p e n d i t u r e C r o u p 2 

E x p e n d i t u r e Group 

Commodity Low Midd le H igh Mean 

Rice .22 .16 .02 . 13 

Root c rops and 
o t h e r cereals 

.03 .06 .12 .07 

Oi ls and fa ts .13 .20 .36 .23 

F ish and 
animal p r o d u c t s 

.13 .11 .07 .11 

Miscel laneous 
foods 

.09 .07 .04 .07 

Nonfood .40 .40 .39 .39 

Par t ia l d e r i v a t i v e o f commodity e x p e n d i t u r e w i t h respect to 
to ta l income d i v i d e d by pa r t i a l d e r i v a t i v e o f to ta l e x p e n d i t u r e w i t h 
respect to to ta l income. Eva lua ted at e x p e n d i t u r e g r o u p means 
u s i n g QES w i t h reg iona l dummy. 

2 
See Tab le A . I I f o r de f i n i t i ons of e x p e n d i t u r e g r o u p s . 
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of to ta l household labor supp l i ed to wage ra te changes ( - . 0 6 to .28) is not 

rea l l y s u r p r i s i n g s ince t h i s is measur ing to ta l s u p p l y , not i t s a l locat ion between 

uses, and because f o r fa rm ac t i v i t i e s labor supp l i ed is l i ke l y to be f a r more 

i n f l uenced by t he c r o p p i n g p a t t e r n and techno logy used , t h a n by p r i c e , a n d t he 

la t te r a re he ld f i x e d in the demand component o f t he h o u s e h o l d - f i r m model 

(assuming annual labor s u p p l y ad jus t s to labor demand ) . T h e nega t i ve s ign 

f o r t he low e x p e n d i t u r e g r o u p is due to the income e f fec t (see below) and 

g i ves some s l i gh t ev idence f o r a b a c k w a r d b e n d i n g s u p p l y c u r v e . 

T h e cross p r i ce e f fec ts w i t h respec t to r i ce p r i c e a re nega t i ve excep t f o r 

f i s h and miscel laneous f oods . T h i s is not s u r p r i s i n g due to t h e l a rge b u d g e t 

share o f r i ce lead ing to a re la t i ve l y l a rge income e f f e c t . T h e fac t t h a t t h i s 

is not as t r u e f o r e f fec ts w i t h respect to nonfood p r i ce is somewhat s u r p r i s i n g 

since one wou ld expec t s u b s t i t u t i o n e f fec ts of food commodit ies and r i ce to be 

l a r g e r t han between food commodit ies and non food . T h i s does not seem to be 

the case f o r o u r sample. A n o t h e r c ross p r i c e e f fec t o f some in te res t is between 

r i ce and root c r o p s . One can see t ha t root c rop demand is more respons ive to 

changes in p r i c e o f r i ce t h a n r i ce demand is to changes in p r i c e of root c r o p s . 

S ince r i ce r ep resen t s a l a r g e r b u d g e t share i ts income e f fec t is l i ke l y to be 

g r e a t e r . 

Income compensated p r i c e e las t i c i t ies o f demand are r e p o r t e d in Tab le 5. 

A t t he sample average and f o r al l t h r e e e x p e n d i t u r e g r o u p averages t h e s u b -

s t i t u t i o n m a t r i x was nega t i ve sem i -de f i n i t e . 

As w i t h the uncompensated e las t ic i t ies t h e r e is a t endency f o r p r i ce 

respons iveness of r i ce to dec l ine w i t h to ta l e x p e n d i t u r e . A l l goods a re 

H i c k s - A l l e n s u b s t i t u t e s except f o r roo t c rops and r i ce at h i g h e x p e n d i t u r e leve ls . 

T h i s is u n l i k e l y ; howeve r , t he magn i tude is smal l , - . 0 1 . Pe rhaps , t h e n , it 

shou ld be i n t e r p r e t e d as s u g g e s t i n g independence . A lso note t ha t t he s u b s t i t u t i o n 
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e f fec t s w i t h respect to wage are small so tha t t he compensated wage e f fec t s 

are l a rge l y income in n a t u r e due to changes in wage c h a n g i n g nominal to ta l 

income as well as real income. A lso t he response of househo ld labor s u p p l y 

to wage ra tes , wh i le smal l , does increase w i t h e x p e n d i t u r e g r o u p p a r t of 

wh i ch may be due to wage ra tes i nc reas ing s l i g h t l y w i t h h i g h e r e x p e n d i t u r e 

g r o u p . 

T h e f o r e g o i n g resu l t s were eva lua ted at e x p e n d i t u r e g r o u p ave rages ; in 

p a r t i c u l a r , the reg ional dummy v a r i a b l e was also a v e r a g e d . Of c o u r s e , t h e r e 

is no household t ha t l i ves p a r t l y in t he n o r t h and p a r t l y in t h e s o u t h . T h e r e -

f o r e we also ca lcu la ted marg ina l b u d g e t shares and p r i c e e las t i c i t ies by e x p e n d i -

t u r e level and r e g i o n . T h e marg ina l b u d g e t shares by e x p e n d i t u r e g r o u p are 

nea r l y ident ica l across r eg ions . For own uncompensated p r i c e e las t i c i t ies t h e 

differences are smal l . I n gene ra l , s o u t h e r n househo lds t e n d to be a l i t t l e less 

p r i c e respons i ve t han n o r t h e r n househo lds ; howeve r , t he d i f f e rences s h r i n k 

w i t h h i g h e r e x p e n d i t u r e g r o u p s and f o r t he h i g h e x p e n d i t u r e g r o u p are n e g l i g i b l e . 

Since d i f f e r e n c e s due to e x p e n d i t u r e g r o u p are f a r g r e a t e r t h a n because of r eg ion 

g r o u p the l a t t e r r e s u l t s are not r e p o r t e d , a l t h o u g h t hey are ava i lab le . 

Changes in e x p e n d i t u r e due to a un i t change in househo ld composi t ion 

va r i ab l es a re shown in Tab le 6. These changes are eva lua ted at t he sample 

average excep t f o r t he reg iona l dummy va r i ab le wh ich is set to one f o r n o r t h e r n 

households and to zero f o r s o u t h e r n househo lds . One can see tha t t he la rges t 
# 

marg ina l e x p e n d i t u r e s are f o r r i ce , non foods , and o i ls and fa ts (excep t f o r 

changes in c h i l d r e n unde r 10) . For males o v e r 15 the va lue of househo ld labor 

s u p p l y is also a f f ec ted i m p o r t a n t l y . One can see t h a t to ta l e x p e n d i t u r e s increase 
24 

f o r increases in each age, sex g r o u p . A l s o , reg ion makes no real d i f f e r e n c e . 

A s persons u n d e r 10 do not a f f ec t to ta l household t ime the change in t he 

va lue of househo ld labor is t he nega t i ve o f t he marg ina l change in e x p e n d i t u r e 

on l e i s u r e . 



Marg ina l E x p e n d i t u r e by Commodity Due to Un i t 
Change in A g e - G r o u p Var iab les by Reg ion 1 

( in Leones) 

Commodity Region 
A g e 
Group Unde r 10 11-15 Males 

o v e r 1 5 
Females 
o v e r 15 

Rice N o r t h 
Sou th 

10.1 
9 .7 

6 .8 
7.0 

17.6 
18.4 

9.2 
9.5 

Root c rops 
and o t h e r 
cereals 

N o r t h 
Sou th 

4.3 
4.5 

- 2 . 5 
- 2 . 7 

3 .7 
3 .4 

- 1 . 2 
- 1 . 3 

Oi ls 
and 
fa t s 

N o r t h 
Sou th 

- 5 . 9 
- 5 . 4 

8.7 
8 .4 

28.9 
28.0 

13.2 
12.8 

F ish and 
animal 
p r o d u c t s 

N o r t h 
Sou th 

- 1 . 8 
- 1 . 9 

2 .0 
2.1 

10.9 
11.1 

4.0 
4. 1 

Miscel laneous 
foods 

N o r t h 
Sou th 

10.1 
10.0 

- 2 . 5 
- 2 . 4 

3.0 
3 .2 

- 1 . 2 
- 1 . 2 

Nonfoods N o r t h 
Sou th 

8 .7 
8 .7 

5 .6 
5.6 

39.2 
39.1 

13.0 
13.0 

Household 
labor 

N o r t h 
Sou th 

25.5 
25.6 

18.1 
18.0 

103.3 
103.2 

37.0 
37.0 

C a l c u l a t e d at sample averages except f o r reg ional dummy v a r i a b l e . 



I n each age b r a c k e t the marg ina l changes in goods e x p e n d i t u r e less the 

change in va lue of labor supp l i ed equals zero s ince t he sum of to ta l e x p e n d i t u r e s 

minus t he va lue of labor supp l i ed a lways equals the " p r o f i t s " p a r t of to ta l 

income, wh i ch is c o n s t a n t . For pe rsons o v e r 10 to ta l income changes f o r 

t h e i r t ime c o n s t i t u t e s the t ime ava i lab le to t he househo ld . 

V I I I 

C l e a r l y , t h e r e a re many i n t e r e s t i n g r e s u l t s in these tab les to wh i ch we 

cannot do jus t i ce in t h i s p a p e r . O f s ign i f i cance f o r deve lopment e f f o r t s is 

t he genera l p ropos i t i on t h a t food demand is reasonably respons i ve to p r i ce 

(excep t fo r root c rops and o t h e r c e r e a l s ) . Pr ice as an impor tan t s h o r t r u n 

a l locator o f food consumpt ion and hence ca lor ic consumpt ion has been s t ressed 

in recen t y e a r s by such people as Mel lor (1975) and Timmer (1978) . Mei lor 

has focused on the real income e f fec t o f p r i c e , wh i ch is s u p p o r t e d he re . How-

e v e r , we f i n d own p r i c e s u b s t i t u t i o n e f f ec t s also to be i m p o r t a n t , c o n t r a r y to 

p r e v i o u s e x p e c t a t i o n s . P a r t l y t h i s is due to t h e commodity d i sagg rega t i on we 

have used ( f i v e food g r o u p s i n c l u d i n g two of s t a p l e s ) . O u r r e s u l t s also s u p p l y 

i n fo rma t ion impor tan t to t h e n u t r i t i o n a l p l a n n e r . For example, t he nega t i ve 

uncompensated e f f ec t s on root c rops w i t h respec t to r i ce p r i c e mean t h a t 

decreases in r i ce consumpt ion due to increases in r i ce p r i c e are not l i ke l y to 

be compensated by increases in cassava consump t i on , r a t h e r t he oppos i t e . 

Of cou rse , in t h e l onge r r u n , people wi l l s h i f t t h e i r p r o d u c t i o n and sales 

p a t t e r n s when c o n f r o n t e d by re l a t i ve p r i c e changes . T h i s po in t s to t he need 

to est imate t he p r o d u c t i o n side o f t h i s househo ld - f i rm model , someth ing wh i ch 

wi l l be done in f u t u r e w o r k . With even more t ime, i nves tment in f i x e d p r o d u c -

t i on and human capi ta l va r iab les as wel l as changes in househo ld size and 

composi t ion wi l l take p lace, b u t these a re ou ts ide the focus o f t h i s r e s e a r c h . 



APPENDIX 



Table A . I 

Components of Commodit ies 

Commodity No. Components 

Rice 1 

Root c rops and 
o t h e r cereals 

2 Raw cassava, cassava p r o d u c t s , o t h e r root c r o p s , 
s o r g h u m , mi l le t , maize, f u n d i , benn i seed . 

Oi ls a n d fa ts 3 Palm o i l , g r o u n d n u t o i l , cocoa b u t t e r , o t h e r oi ls 
and f a t s . 

F ish and animal 
p r o d u c t s 

4 F resh f i s h , d r i e d f i s h , game, o t h e r meat, o t he r 
animal p r o d u c t s . 

Miscel laneous foods 5 G r o u n d n u t s , o t h e r legumes, vege tab les , f r u i t s , s u g a r , 
salt and o t h e r cond imen ts , k o l a n u t s , beve rages . 

Nonfoods 6 C l o t h i n g , c l o t h , fue l and l i g h t , metal w o r k , wood w o r k , 
o t h e r household and personal goods , t r a n s p o r t , se rv i ces 
and ceremonia l , educa t ion , local s a v i n g , miscel laneous. 

Household labor 7 A l l fa rm and non fa rm p r o d u c t i o n and m a r k e t i n g 
a c t i v i t i e s , labor sold o u t . Exc ludes household 
ac t i v i t i e s such as food p r e p a r a t i o n , c h i l d care and 
ceremonies. 



Mean Values o f Data by 
E x p e n d i t u r e G r o u p 1 

Var iab le E x p e n d i t u r e C r o u p 

Low Midd le H i g h Mean 

2 
E x p e n d i t u r e s 

Rice 58.2 125.2 262.9 146.7 
Root c rops S o t h e r cereals 10.7 32.4 147.4 61.3 
Oi ls and fa ts 19.2 37.2 122.8 58.1 
F ish and animal p r o d u c t s 30.6 61.9 118.3 69.5 
Miscel laneous foods 28.0 65.8 99.0 64.1 
Nonfoods 90.0 190.1 324.0 199.9 

Value o f househo ld labor supp l i ed 306.4 361.8 530.1 396.5 

Pr ices 
Rice .25 .23 .27 .25 
Root c rops & o t h e r cereals .36 .66 .63 .55 
Oi ls and fa ts .73 .62 .66 .67 
F ish and animal p r o d u c t s .62 .60 .39 .54 
Miscel laneous foods .56 .58 .60 .58 
Nonfoods .62 .64 .75 .66 
Household labor .08 .08 .09 .08 

3 
Household c h a r a c t e r i s t i c s 

To ta l size 4.8 6 .4 8 .7 6 .7 
Members u n d e r 10 yea rs 1.2 2 .1 2 .7 2.0 
Members , 11-15 yea rs .5 .7 1.1 .8 
Males o v e r T5 years 1.7 1.8 2 .6 2 .1 
Females o v e r 15 yea rs 1.4 1.8 2 .3 1 .8 

Number of households 44 51 43 138 

Households in low e x p e n d i t u r e g r o u p are those w i t h to ta l e x p e n d i t u r e 
less t h a n 350 Leones. Households in middle e x p e n d i t u r e g r o u p are those 
w i t h to ta l e x p e n d i t u r e between 350 and 750 Leones. Households in h i g h 
e x p e n d i t u r e g r o u p are those w i t h to ta l e x p e n d i t u r e g r e a t e r t h a n 750 Leones. 

2 
I n Leones per k i logram fo r foods and per hour of male equ i va len t f o r 

l a b o r . One Leone = U . S . $1.1 in 1974/75. 

3 l n n u m b e r s . 



Tabi« A . I l l 

Coefficients and Asymptotic Standard Er ro r« 
of Quadratic Expenditure Systems 

Type of dune 
Parameter 

ty var iable: Re 
Coeff ic ient1 

n 10 na i 

Standard E r r o r 2 

Ethnie 
Coeff ic ient1 

Croup 

Standard Erroi 

C 1 - I M . 1 79.9 -167.8 53.2 

C 2 42.« 19.4 -180.8 19.9 

C 3 -12.2 21.3 -129.4 41.3 

C 4 9.3 21.9 19.9 15.5 
C» 6.9 13.9 19.7 29.1 

C f - . 1 S4.S -1 ,907.4 6 « . 7 

C 7 -1,522.3 50008 -1,309.3 1,579.5 

«11 7.3 15.9 9 .7 19.7 

«12 <1.3 23.5 9.4 15.5 

«13 214.9 73.1 192e 1 52.2 

«21 - t . » 5.9 40.2 3.9 

«22 2«. 9 9.9 4.0 9.9 

-39 .9 29.2 153.9 29.4 

"11 - . 9 3.9 - 1 . 3 6.9 

«32 11.9 9.4 6.9 7.5 

« U -97 .1 19.9 19.6 14.7 

°41 - 3 . 7 2 .9 - 1 . 9 1.9 

11.9 4 .3 1.5 2 .9 

«43 - 9 . 2 19.9 -19 .2 15.1 

«51 - 9 . S 3 .2 - 5 . 1 2 .9 

«52 32.9 5.9 22.3 4.9 

°53 29.9 29.2 -27 .5 21.9 

«61 -14 .9 9.2 -27 .2 22.6 

a62 99.3 13.2 25.9 34.4 

«63 -37 .7 37.9 97.1 115.4 

a72+a71 -29 . S 103.9 -396.5 209.9 

«73 -152.1 371.1 -2,129.3 993.4 

v « 7 i 1,949.9 143.3 2» 174. 4 159.9 

r 2 -1 ,437.3 152.5 -1,461.6 229.7 

-1,117.7 197.7 -1 ,629.5 251.9 

• l .23192 .356-1 . 553626-? 1 .206-1 

-e14056-1 .116-1 .13175 .426-1 

• 3 -.21036-2 .366-1 .4202586-1 .946-2 

S .109999 .206- ! .167966-1 .906-2 

• 3 .79256-1 .2*6-1 - .20926-2 .131-1 

• l .299242 .696-1 1.0045 .596-1 

d 1 .23199 .356-1 .553606-1 .206-1 

d 2 - .14046-1 .116-1 .13170 .426-1 

«3 - .27746-2 .366-1 .4202636-1 .946-2 

<4 .109983 .206-1 .168016-1 .506-2 

* 5 
.79286-1 .246-1 - .20866-2 .176-1 

d 6 .289243 .686-1 1.0044 .596-1 

Value of log- -3.487.7 -3,577.1 
l ikel ihood 

-3,577.1 

Single subscript« refer to commodity number as given i n T^ble A . I and double to commodity 
and demographic variable number». Demographic variable numbers for the r * are 1-household sl*e, 
2-under 10 years. 3 regional or ethnic group dummy--J If nor thern or Limba-Temne household. 
For the Ts the number» are 1 over i 0 years, 2 - n to 1$ years, 3-femaies over 15. 

2From Information matrix calculate from second derivatives of log likelihood function. 



Regress ion Coe f f i c ien ts and S t a n d a r d E r r o r s 
fo r Regress ion of Squa red Unwe igh ted and Weighted 

QES Residuals on Squa red F i t t ed Values ' 

Commodity Equa t ion Cons tan t 
Squa red F i t t ed 

Va lue 

Rice Unwe igh ted 

Weighted 

4 ,657.5 
(2 , 130.8) 

.54 
( .11 ) 

.78E-1 
( .45E-1 ) 
- . 3 3 E - 5 
( . 39E-5) 

.02 

.01 

Root c rops and 
o t h e r cereals 

Unwe igh ted 

Weighted 

7, 032.8 
(4 ,478 .3 ) 

2.0 
( .96) 

.57 
( . 44E-1) 

.11E-4 
( . 88E-4) 

.55 

Oi ls and fa ts Unwe igh ted 

Weighted 

1,928.3 
(875.2) 

9.3 
(2 .51) 

.31 
( . 22E- I) 
- . 2 2 E - 4 
( .45E-4) 

.58 

F ish and 
animal p r o d u c t s 

Unwe igh ted 

Weighted 

831.4 
(528.5) 

1 .1 
( .29) 

.24 
( .59E-1) 
- . 8 0 E - 4 
( . 46E-4) 

.11 

.02 

Miscel laneous 
foods 

Unwe igh ted 

Weighted 

1 ,428.4 
(594.2) 

1 .9 
( .35) 

.24 
( .69E-1 ) 
- . 1 2 E - 3 
( . 61E-4 ) 

.08 

.03 

Nonfood s Unwe igh ted 

Weighted 

5 ,107.1 
(2 ,580 .8) 

.64 
( .21 ) 

.15 
( .30E-1 ) 
- . 1 6 E - 5 
( . 20E-5) 

. 15 

1 Unwe igh ted res idua ls a re res idua ls f rom in i t i a l u n w e i g h t e d QES est imates, 
u s i n g reg iona l dummy. Weighted res idua ls f rom the second stage QES est imates, 
wh ich were we igh ted by f i t t e d va lues f rom t he in i t ia l es t imates, 

2 2 
— ind icates R less t h a n .005. 



Notes 

V o r an i n t r o d u c t i o n to t h i s l i t e r a t u r e see Nakajima ( 1969) and Jorgenson 

and Lau (1974) . 

2 

For a much more complete d iscuss ion of e n t e r i n g demograph ic va r iab les 

into systems o f demand equat ions see Pollak and Wales ( 1978b, 1980). 

3 T h e fac t t ha t we have a p r o d u c t i o n b lock in t h e household f i r m model makes 

no d i f f e r e n c e . I f we est imate t h e l a t t e r as a system o f va lue of i npu t demands, 

o u t p u t supp l ies and p r o f i t equat ion t h e n summing e r r o r te rms also resu l t s in a 

s i n g u l a r covar iance mat r i x s ince p r o f i t s equals the va lue of s u p p l y less t h e va lue 

of i n p u t s . We then have a la rge system w i t h two b locks each hav ing one r e d u n d a n t 

e q u a t i o n . B a r t e n ' s resu l t on a s ing le system app l ies to t h i s s i t ua t i on also, so tha t 

maximum l i ke l i hood est imates are i n v a r i a n t to wh ich equat ion is d r o p p e d in each of 

the subsys tems . 
4 

T h e J a c o b i a n of t he t r ans fo rma t i on of d i s t u r b a n c e s into dependen t va r iab les 

is one . 

5 Remember ing tha t p r o d u c t i o n parameters en te r in to the demand system 

t h r o u g h ir* b u t not v i ce v e r s a . 

6 

One can use a Lag range mu l t i p l i e r tes t a l l ow ing t e s t i n g us ing r e s t r i c t e d 

parameter es t imates. 
7Net changes in s to rage were assumed to be zero . 

8 P\K<\ v n P i K P i n k 
T h e equat ion est imated was i- =bQ+b 1 p - + £ y. Z a^ y where y i t o t a l 

i j 1 k— 1 
e x p e n d i t u r e , P. qpr ice of good i , r u = househo ld cha rac te r i s t i c k . T h i s equat ion is 

1 K 

homogeneous o f degree zero in p r i ces and to ta l e x p e n d i t u r e and has a q u a d r a t i c t e rm 

in to ta l e x p e n d i t u r e . Subsequen t to the est imat ion of these s ing le equat ions a data 

e r r o r was d i s c o v e r e d . Seven households were mis taken ly c lass i f ied as Mende r a t h e r 

t han Temne. R e r u n n i n g several of t h e reg ress ions showed no major changes in 



coe f f i c ien ts except f o r the e thn ic dummy coe f f i c ien t ( t h a t is , t he o t h e r s were 

genera l l y w i t h i n one s t a n d a r d dev ia t i on of t he est imates us ing t h e c o r r e c t e d 

d a t a ) . T h e mis take was c o r r e c t e d be fo re o b t a i n i n g t he systems es t imates . 
9 

T h e e thn ic and reg iona l dummies a re closely c o r r e l a t e d . T h e n o r t h e r n reg ion 

is p redominan t l y Limba and Temne and t h e sou the rn reg ion p redom inan t l y Mende. 

1 0 Note t h a t t he e f fec t of t he e thn i c dummy v a r i a b l e , n 3 * *s to add a k 3 to t h e 

p r i c e o f coe f f i c ien t C ^ . 

1 1 T h a t is , (3+3)7-2+3 o r 43 pa ramete rs , less one due to t h e i den t i f i ca t i on 

p rob lem. T h e e thn ic and reg iona l dummy va r iab les were i nc l uded sepa ra te l y . 

12 

A t f i r s t est imat ion was a t tempted of a QES w i t h demograph ic va r iab les 

e n t e r i n g t h r o u g h sca l i ng . In the QES th i s i nvo l ves r a i s i n g t he I. sca l ing 

parameters to the - d . p o w e r . As t h e d. a re not i n tege rs t h i s r e q u i r e s t h e l is 
1 1 3 1 

to be pos i t i ve f o r t h e f u n c t i o n to e x i s t . T h e l.s were spec i f i ed as I. = Z °\rT]r' 

hence t hey had to be c o n s t r a i n e d to be p o s i t i v e . U n f o r t u n a t e l y , the DFP a l g o r i t h m 

kept g e t t i n g " s t u c k " on an edge o f t he f u n c t i o n where it was u n d e f i n e d ( i . e . , where 

I. was almost zero f o r some i and some obse rva t i on ) and was unab le to conve rge to 

a local op t imum. Much e f f o r t was spen t t r y i n g to ob ta in c o n v e r g e n c e , i n c l u d i n g 

use o f severa l s t a r t i n g va lues f o r parameters and use of a l t e r n a t i v e a l g o r i t h m s . 

F i n a l l y , the t r ans la t i on spec i f i ca t ion was chosen because i t has no unde f i ned r e g i o n . 
2 a i r a i 3 n 3 

A l t e r n a t i v e l y , we m igh t have spec i f ied the I. as I.= I I n e , wh ich is 
1 1 r=1 r 

necessar i l y pos i t i ve and a lways de f i ned s ince t h e n r s a re p o s i t i v e . Since we are not 

so i n t e res ted in compar ing t he t r a n s l a t i o n and sca l ing spec i f i ca t ions t h i s was not 

p u r s u e d . 

13 

E igenva lues of t he in fo rmat ion m a t r i x were used to check f o r local op t ima. 

A t a f u n c t i o n maximum these shou ld all be p o s i t i v e . 

14 

In an u n r e s t r i c t e d maximum l i ke l i hood est imat ion these va lues wi l l 

change eve ry i t e ra t i on as parameter va lues , and hence f i t t e d va lues , change . 



1 5 T h e s u b s t i t u t i o n m a t r i x was computed as 9X5/3 P. I d u = 0 = 3X5/ 3P.+X?9X5/ 3 ( P L T + t t + A ) , 

where X . rep resen ts f i t t e d va lue so t h a t the ma t r i x wi l l be symmetr ic as imposed 

by t he QES. 

16 

One migh t have improved t h i s s i t ua t i on in severa l ways . F i r s t , u s i n g the 

QES, t h e demograph ic spec i f i ca t ion cou ld have been changed by c h a n g i n g t he 

va r iab les used a n d / o r t he way in w h i c h t hey en te r t he system ( i . e . , use 

s c a l i n g ) . A l t e r n a t i v e l y , ano the r system cou ld be t r i e d . F i n a l l y , i t is c o n -

ce ivab le t ha t al l o r some of ou r sample s imply do not behave as demand t h e o r y 

pos tu la tes . 
17 

T h e r e were a few nega t i ve f i t t e d va lues f o r all 138 o b s e r v a t i o n s . T h i s is 

t roub lesome, b u t so a re the so lu t i ons . We might have cons t ra i ned f i t t e d va lues 

to be p o s i t i v e . I n o u r es t imat ion ,however , j u d g i n g f rom the exper ience of 

es t imat ing t he uncons t ra i ned maximum l i ke l ihood ve rs i on w e i g h t i n g by f i t t e d 

va lues (ac tua l l y t h e i r abso lu te v a l u e s ) , we would have go t t en caugh t on an edge 

of t he i l legal nega t i ve space. A l t e r n a t i v e l y , we might have used a T o b i t p r o -

c e d u r e . However , t h i s invo lves numer ica l l y e v a l u a t i n g mu l t ip le i n t eg ra l s , a 

v e r y expens i ve p r o c e d u r e wh ich wou ld have necess i ta ted a g g r e g a t i n g commodit ies 

a good deal more than we d i d . In t he raw data t h e r e are a v e r y few zero va lues 

f o r e x p e n d i t u r e s , t he most be ing f i v e f o r o i ls and f a t s , and some small nega t i ve 

va lues r e f l e c t i n g e i t he r e r r o r s in t he data or net w i thd rawa l f r o m s to rage o v e r 

t he y e a r . 

18 7 7 

Which impl ies a s ince 2 a. = Z C.=1. In t h i s case the QES s impl i f ies 
7 7 ¡=1 1 ¡=1 1 

in to a l i near e x p e n d i t u r e sys tem. 
1 9 T h e 

share of marg ina l to ta l e x p e n d i t u r e f o r good i is the change in e x p e n d i -

t u r e on good i when tota l e x p e n d i t u r e changes by one Leone b u t al l p r i ces and 

household cha rac te r i s t i c s remain c o n s t a n t . T h e uncompensated p r i c e e las t i c i t y 



of good i w i t h respect to p r i c e j is t he pe rcen t change in q u a n t i t y consumed 

o f good i when p r i ce of good j changes by one pe rcen t and all o t h e r p r i c e s , 

" to ta l income" and household c h a r a c t e r i s t i c s remain c o n s t a n t . T h e income 

compensated p r i c e e las t i c i t y o f good i w i t h respec t to p r i ce j is t he pe rcen t 

change in q u a n t i t y consumed of good i when the p r i ce o f good i changes b y 

one pe rcen t and when the household is cons t ra i ned to be at t he same level o f 

u t i l i t y a f t e r t he p r i ce change as be fo re i t . A p r i ce change a l t e r s t he amount 

a household can consume g i ven some to ta l "nomina l " income, t h u s t he income 

compensated e las t i c i t y holds to ta l " r e a l " income c o n s t a n t . Changes in q u a n -

t i t i es consumed h o l d i n g real income cons tan t are r e f e r r e d to as t he s u b s t i t u t i o n 

e f f e c t s . T h e change in q u a n t i t i e s consumed due to t he change in real to ta l 

income is r e f e r r e d to as the income e f f e c t . 

20 
I n 1974-75 one Leone = U . S . $1 .1 . 

21 
A r e l a t i v e l y la rge number of l o w - e x p e n d i t u r e households a re f o u n d in 

areas in wh i ch cassava cons t i t u t es a la rge p r o p o r t i o n o f " roo t c rops and o the r 

c e r e a l s . " A re l a t i ve l y la rge number of h i g h - e x p e n d i t u r e households are f o u n d 

in areas t h a t p r o d u c e f i s h . 

22 c c n c n c 
z z W e c a n w r i t e 9 P . X 7 / 3 ( P . T + TT+A)= 3 P . X . / 3 ( Z P . X . ) * 3 ( Z P . X . ) / 3 ( P T + T T + A ) 

i i L 1 1 1=1 1 1 i= l 1 1 L 

c n c 
f rom wh i ch we solve fo r 3PjX. / 3 ( Z P.X. } , t he marg ina l to ta l e x p e n d i t u r e f o r good i . 

23 

Midd le and h i g h e x p e n d i t u r e households t e n d to be in areas fo r w h i c h 

the root c rops and o t h e r cereals g r o u p con ta ins a r e l a t i v e l y h i g h p r o p o r t i o n 

of ce rea ls . 

24 

D i f f e rences due to e x p e n d i t u r e g r o u p are l a r g e r , wh i ch is not s u r p r i s i n g 

since household c h a r a c t e r i s t i c va r i ab les a f fec t e x p e n d i t u r e t h r o u g h an income 

e f f ec t when en te red in to t he demand system by t r a n s l a t i o n . T h e d i f f e r e n t i a l 

e f f ec t s at d i f f e r e n t e x p e n d i t u r e levels are ava i l ab le , b u t not r e p o r t e d he re . 



BIBL IOGRAPHY 

Amemiya, Takesh i (1973) ; "Reg ress ion Ana l ys i s When the Va r i ance of t h e 
Dependent Va r i ab le is P ropor t iona l t o t he Square of I t s E x p e c t a t i o n ; " 
Journa l of t he Amer ican S ta t i s t i ca l Assoc ia t ion , December 1973. 

B a r n e t t , William ( 1976) ; "Maximum L ike l i hood and I t e ra ted A i t k e n Est imat ion 
o f Non L inear S y s t e m s ; " Journa l of t he Amer ican Sta t i s t i ca l Assoc ia t i on , 
June 1 976. 

B a r n u m , Howard and S q u i r e , L y n ( 1977) ; " A n Econometr ic A p p l i c a t i o n of t h e 
T h e o r y of t he F a r m - H o u s e h o l d ; " World B a n k , 1977. 

B a r t o n , A n t o n (1977) ; " T h e Systems o f Consumer Demand Func t ions A p p r o a c h : 
A R e v i e w ; " Econometr ica , Janua ry 1977. 

(1969) ; "Maximum L ike l i hood Est imat ion of a Complete System of 
Demand E q u a t i o n s ; " European Economic Rev iew, Fall 1969. 

(1964) ; "Fami ly Compos i t ion , Pr ices and E x p e n d i t u r e P a t t e r n s ; " 
in H a r t , P . ; Mi l ls , G . ; and W h i t t a k e r , J . , e d s . ; Economic A n a l y s i s f o r 
Nat ional Economic P lann ing , [ L o n d o n : B u t t e r w o r t h ] 1964. 

B e r n d t , E . ; D i e w a r t , W. and D a r r o g h , M. (1977) ; "F l ex i b l e Funct iona l Forms 
and E x p e n d i t u r e D i s t r i b u t i o n s : A n App l i ca t i on to Canadian Consumer 
Demand F u n c t i o n s ; " I n te rna t i ona l Economic Rev iew, October 1977. 

B l a c k o r b y , C h a r l e s ; P r imon t , Daniel and Russe l l , Rober t ( 1978); D u a l i t y , 
S e p a r a b i l i t y , and Func t iona l S t r u c t u r e : T h e o r y and Economic A p p l i c a t i o n s , 
[Ams te rdam: N o r t h Ho l land] 1978. 

B r o w n , A lan and Deaton, A n g u s ( 1972); " S u r v e y s in A p p l i e d Economics: 
Models of Consumer B e h a v i o r ; " Economic J o u r n a l , December 1972. 

B r o w n , M u r r a y and Heien, Dale ( 1972); " T h e S - B r a n c h U t i l i t y T r e e : A 
Genera l iza t ion o f t h e L inear E x p e n d i t u r e S y s t e m ; " Econometr ica , Ju l y 1972. 

C h r i s t e n s e n , L a u r i t s ; Jo rgenson , Dale and Lau , Lawrence ( 1975); 
" T r a n s c e n d e n t a l Logar i thmic U t i l i t y F u n c t i o n s ; " Amer i can Economic 
Rev iew, June 1975. 

Deaton, A n g u s (1975) ; Models a n d Pro jec t ions o f Demand in Post-War B r i t a i n , 
[ L o n d o n : Chapman and Hal l ] 1975. 

Ga l lan t , Ronald and Ho l l y , A l b e r t o ( 1980); "S ta t i s t i ca l I n fe rence in an Imp l i c i t , 
Non l i nea r , S imul taneous Equat ion Model in t he Con tex t o f Maximum L i k e l i -
hood Es t ima t i on ; " Econometr ica , A p r i l 1980. 

Howe, Howard (1974) ; "Es t imat ion of t h e L inear and Quadra t i c E x p e n d i t u r e 
Sys tems: A Cross -Sec t i on Case f o r Co lumb ia ; " u n p u b l i s h e d P h . D . 
d i s s e r t a t i o n , U n i v e r s i t y o f Pennsy l van ia , 1974. 

Howe, H o w a r d ; Po l lak , Rober t and Wales, Te rence (1979) ; " T h e o r y and 
Time Ser ies Est imat ion o f t he Quadra t i c E x p e n d i t u r e S y s t e m ; " 
Econometr ica, September 1979. 



Jo rgenson , Dale and Lau , Lawrence ( 1969); 11 A n Economic T h e o r y of A g r i c u l t u r a l 
Household Behav io r ; 1 1 paper p resen ted at 4th Far Eas te rn Meet ing of t he 
Econometr ic Soc ie ty . 

Lau , Lawrence ; L i n , Wuu -Long and Yotopou los , Pan ( 1978); " T h e L inear 
Logar i thmic E x p e n d i t u r e Sys tem: A n A p p l i c a t i o n to Consumpt ion Le i su re 
Cho i ce ; " Econometr ica, Ju ly 1978. 

Me l lo r , John ( 1975); 11 A g r i c u l t u r a l Pr ice Pol icy and Income D i s t r i b u t i o n in Low 
Income N a t i o n s ; " Wor ld Bank S t a f f Work ing Paper No. 214, September 1975. 

Nakaj ima, C . (1969) ; "Subs i s tence and Commercial Family Fa rms : Some Theore t i ca l 
Models of S u b j e c t u r e E q u i l i b r i u m ; " Subs is tence A g r i c u l t u r e and Economic 
Deve lopment , C . F . Whar ton ( e d . ) (Ch icago : A l d i n e P u b l i s h i n g ) , 1969. 

Po l lak , Rober t and Wales, Te rence ( 1980); "Compar ison o f t h e Quadra t i c E x p e n d i -
t u r e System and T r a n s l o g Demand Systems w i t h A l t e r n a t i v e Spec i f i ca t ions 
o f Demographic E f f e c t s ; " Econometr ica, A p r i l 1980. 

(1978a) ; "Es t imat ion of Complete Demand Systems f rom Household B u d g e t 
Da ta : T h e L inear and Quadra t i c E x p e n d i t u r e S y s t e m s ; " Amer ican Economic 
Rev iew, June 1978. 

(1978b) ; "Demograph ic Var iab les in Demand A n a l y s i s ; " D iscuss ion 
Paper 78-48, Depar tment o f Economics, U n i v e r s i t y o f B r i t i s h Co lumbia , 
December 1978. 

(1969) ; "Es t imat ion o f t he L inear E x p e n d i t u r e S y s t e m ; " Econometr ica , 
October 1969. 

Powel l , A lan ( 1974); Empir ica l A n a l y t i c s o f Demand Systems [ L e x i n g t o n : 
L e x i n g t o n B o o k s ] , 1974. 

Simmons, Peter and Weiserbs, Daniel ( 1979); " T r a n s l o g F lex ib le Func t iona l Forms 
and Assoc ia ted Demand S y s t e m s ; " Amer i can Economic Rev iew, December 1979. 

Spence r , Duns tan and B y e r l e e , Derek (1977) ; "Small Farms in West A f r i c a : A 
D e s c r i p t i v e A n a l y s i s of Employment , Incomes and P r o d u c t i v i t y in S ie r ra 
Leone ; " A f r i c a n Rura l Economy Program Work i ng Paper 19, M ich igan 
State U n i v e r s i t y , F e b r u a r y 1977. 

T immer , C . Peter (1978) ; " T h e Impact o f Pr ice Policy on P ro te i n -Ca lo r i e I n t a k e ; " 
u n p u b l i s h e d m a n u s c r i p t , A p r i l 1978. 

Wales, Te rence a n d Woodland, A . D . ( 1979); "A Random Pre ferences Model f o r 
t he Est imat ion of Consumer Demand Systems w i t h B i n d i n g Non N e g a t i v i t y 
C o n s t r a i n t s ; " u n p u b l i s h e d m a n u s c r i p t , 1979. 

( 1978) ; "A L imi ted Dependent Var iab les Model f o r a System of Share 
Equa t ions , Wi th an A p p l i c a t i o n to Meat C o n s u m p t i o n ; " D iscuss ion Paper 78-32; 
Depar tment o f Economics, U n i v e r s i t y o f B r i t i s h Co lumbia , 1978. 

Whi te, Ha lbe r t ( 1 980); "Non l i nea r Regress ion on Cross -Sec t i on D a t a ; " Econometr ica , 
A p r i l 1980. 

Yo topou los , Pan and Lau , Lawrence ( 1974); "On Mode l ing t h e A g r i c u l t u r a l Sector 
in Deve lop ing Economies;" Journa l of Development Economics, 1974. 



MSU RURAL DEVELOPMENT PAPERS 

RDP No. 1 Akhter Hameed Khan, "Ten Decades of Rural Development: Lessons from 
India," 1978. 

ROP No. 2 Lane E. Holdcroft, "The Rise and Fall of Community Development in 

Developing countries, 1950-1965: A Critical Analysis and an Annotated 
Bibliography," 1978. 

RDP No. 3* James E. Kocher and Beverly Fleisher, "A Bibliography on Rural 
Development in Tanzania," 1979. 

RDP No. 4 Enyinna Chuta and Carl Liedholm, "Rural Non-Farm Employment: A 
Review of the State of the Art," 1979. 

RDP No. 5t® David W. Norman, "The Fanning Systems Approach: Relevancy for the 
Small Farmer," 1980. 

RDP No. 6t Elon H. Gilbert, Oavid W. Norman and Fred E. Winch, "Farming Systems 
Research: A Critical Appraisal," 1980. 

MSU RURAL DEVELOPMENT WORKING PAPERS 

RDWP No. 1* Benedict Stavis, "Turning Point in China's Agricultural Policy," 
1979. 

RDWP No. 2* Kathryn f1. Kolasa, "The Nutritional Situation in Sierra Leone," 
1979. 

RDWP :;o. 3* Benedict Stavis, "Agricultural Extension for Small Farmers," 1979. 

RDWP No. 4* Steve Haggblade, Jacques Defay, and Bob Pitman, "Small Manufacturing 
and Repair Enterprises in Haiti: Survey Results," 1979. 

RDWP No. 5 Peter Riley and Michael T. Weber, "Food and Agricultural Marketing 
in Developing Countries: An Annotated Bibliography of Doctoral 
Research in the Social Sciences, 1969-79," 1979. 

RDWP No. 6 Harold M. Riley and Michael T. Weber, "Marketing in Developing 
Countries," 1979. 

RDWP No. 7* Victor E. Smith, Sarah Lynch, William Whelan, John Strauss and 
Doyle Baker, "Household Food Consumption in Rural Sierra Leone," 1979. 

RDWP No. 8 Omar Oavies, Yacob Fisseha and Claremont Kirton, "The Small-Scale 
Non-Fann Sector in Jamaica: Initial Survey Results,1' 1980. 

RDWP No. 9 John Hatch, "A Record-Keeping System for Rural Households," 1980. 

ROWP No. 10 Sarah G. Lynch, "An Analysis of Interview Frequency and Reference 
Period in Rural Consumption Expenditure Surveys: A Case Study from 
Sierra Leone," 1980. 

RDWP No. 11 John Holtzman, John Staatz, and Michael T. Weber, "An Analysis of the 
Livestock Production and Marketing Subsystem in the Northwest Province 
of Cameroon," 1980. 



RDWP No. 12 Victor E. Smith, John Strauss, Peter Schmidt and William Whelan, 
"Non-price Factors Affecting Household Food Consumption in Sierra 
Leone," 1980. 

RDWP No. 13 Victor E. Smith, John Strauss and Peter Schmidt, "Single-Equation 

Estimation of Food Consumption Choices in Rural Sierra Leone," 1981. 

RDWP No. 14 John Strauss, Victor Smith and Peter Schmidt, "Determinants of Food 
Consumption in Rural Sierra Leone: Application of the Quadratic 
Expenditure System to the Consumption-Leisure Component of a House-
hold-Finn Model," 1981. 

RDWP No. 15 Middleton Wilson, "Some Problems in Operating a Loan Program for 

Craft and Emerging Small-Scale Non-Farm Enterprises in Jamaica," 1981. 

Single copies of the MSU Rural Development Papers and MSU Rural Developing Working 
Papers Tiay be obtained free by writing to: MSU Rural Development Program, Department 
of Agricultural Economics, 206 International Center, Michigan State University, East 
Lansing, Michigan 48824; U.S.A. 

*0ut of Print. 
tAvailable in French. 
»Available in Spanish. 




