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ABSTRACT 

Economic approaches t o  h e a l t h  and n u t r i t i o n  have focused 1  a rge l y  on measures 
o f  c h i l d  n u t r i t i o n  and r e l a t e d  v a r i a b l e s  (e.g., b i r t h w e i g h t )  as i n d i c a t o r s  o f  
household p r o d u c t i o n  o f  n u t r i t i o n a l  outcomes, and thus  have been ab le  t o  i gno re  
two i ssues  which have generated tremendous con t roversy  i n  t h e  c l  i n i c a l  n u t r i t i o n  
l i t e r a t u r e .  The f i r s t  i s  i n d i v i d u a l  he te rogene i t y  i n  energy expendi tures.  Whi le 
p reschoo le rs '  energy expend i tu res  a l s o  d i f f e r ,  t h e  d i f f e r e n c e s  a re  deemed 
s u f f i c i e n t l y  smal l  t o  be ignored.  Not so f o r  adu l t s ,  whose waking hours a re  
devoted mos t l y  t o  l a b o r  a c t i v i t i e s  t h e  energy cos t s  o f  which va ry  enormously. 
Va r i ab l es  measur ing t i m e  a l l o c a t i o n  t o  va r i ous  t ypes  o f  l a b o r  tasks  were used t o  
p roxy  d i f f e r e n c e s  i n  energy expend i tu re .  

P a r i t y ,  too ,  has been hypothes ized t o  be an impor tan t  determinant  o f  female 
n u t r i t i o n a l  h e a l t h  i n  h i g h  f e r t i  1  i t y  coun t r i es ,  w i t h  r a p i d  r ep roduc t i ve  c y c l  i n g  
c o n t r i b u t i n g  t o  a  cumu la t i ve  n u t r i t i o n a l  dec l i ne .  The "maternal d e p l e t i o n  
syndrome," however, remains c o n t r o v e r s i a l ;  much o f  t h e  evidence he re to fo re  has 
been i m p r e s s i o n i s t i c ,  o r  t h e  r e s u l t  o f  s t ud ies  based on smal l ,  nonrandom cohor ts .  

A two-step i ns t r umen ta l  v a r i a b l e s  technique was employed t o  o b t a i n  
c o n s i s t e n t  es t imates  o f  t h e  s t r u c t u r a l  parameters.  Energy expendi ture,  as 
embodied i n  i n d i v i d u a l  t i m e  a l l o c a t i o n s  over  t h e  p rev ious  seven days, was found 
t o  be an impor tan t  determinant  o f  female n u t r i t i o n a l  s t a tus ,  w i t h  t ime  devoted 
t o  a g r i c u l t u r a l  tasks ,  i n  p a r t i c u l a r ,  hav ing a  s t r ong  nega t i ve  e f f e c t .  The 
r e s u l t s  a l s o  appear t o  c o n f i r m  t h e  ex i s t ence  o f  a  maternal  d e p l e t i o n  syndrome. 
Perhaps most impo r tan t l y ,  evidence was found o f  a  s u b s t a n t i a l  downward b i as  o f  
t h e  c a l o r i e  e l  a s t i c i  t y  es t imate  when t h e  energy expend i tu re  p rox i es  were 
exc l  uded. 



1. INTRODUCTION 

The study of nutrition has been among the more fruitful applications of the 
economic theory of household production. In addition to using nutrition as an 
indicator of we1 fare, economists have incorporated nutritional variables into 
studies of labor productivity and wages, poverty, health, and fertility (Behrman 
and Deolalikar 1988). Yet there is a danger in such intellectual border 
crossings; while nutritional status reflects the state of health of an individual 
as influenced by the intake and use of food or nutrients (Gibson 1990), nutrient 
intake is only one in a complex of determinants of nutritional status. Diseases 
and parasites and the individual's genetic endowment have come to be recognized 
as important covariates conditioning the body's utilization of ingested food. 
But energy expenditure has been uirtually ignored in economic approaches to the 
subject. 

Nutritional status is largely the result of individual's net energy balance 
(Beaton 1983b). It is determined, in other words, by the person's energy 
expendi ture  as well as her calorie intake. Treating malnutrition solely as a 
problem of inadequate food or nutrient avail abil ity can lead to perverse results 
- for example, in the extreme, food-for-work programs may fail to improve the 
nutritional status of participants if the increased labor effort required offsets 
the effects of the additional food. At the least, it can paint too narrow a 
picture of the nutrition problem for planners, causing them to disregard the 
interactions of nonfood pol icies with nutrition, or to over1 ook possible avenues 
for improvement, such as the development of labor-saving devices. From a statis- 
tical standpoint, of course, negl ecti ng energy expenditure di fferences in a 
population is likely to introduce statistical bias. 

Many studies of nutritional status have reported strong positive income 
effects in reduced form or hybrid nutrition equations even when inputs, such as 
food or nutrients, morbidity, and heal th vari abl es, are incl uded. Since income 
per se is not an input into nutrition production, it is reasonable to ask whether 
the magnitude, perhaps even the significance, of these results may be the result 
of misspecification. If average energy expenditure per unit of time decreases 
with income in a population (or with assets that are correlated with expendi- 
tures), the effect of reduced energy expenditure could be incorrectly attributed 
to rising income;' if leisure is a normal good, then the income effect on 
leisure demand would simply reinforce the impact of this misspecification. 

' Bouis and Haddad (forthcoming) discuss this possi bil ity with respect to the 
estimation of calorie demand. 



Weak o r  i n s i g n i f i c a n t  impacts o f  c a l o r i e s  on n u t r i t i o n a l  s t a t u s  have a l s o  
been r e p o r t e d  i n  t h e  1  i t e r a t u r e  (e.g., Alderman and Garc ia  [ I9921 f o r  n u t r i t i o n a l  
s t a t u s  o f  c h i l d r e n ) .  Whi 1  e  o t h e r  p l  aus i  b l  e  exp lana t ions ,  n o t a b l y  e r r o r s  i n  t h e  
measurement o f  c a l o r i e  in takes ,  have been p u t  fo rward  t o  e x p l a i n  s i m i l a r  p u z z l i n g  
r e s u l t s ,  i t  cou ld  e q u a l l y  w e l l  be t h e  r e s u l t  o f  b i a s  due t o  s p e c i f i c a t i o n  e r r o r .  
C a l o r i e  i n t a k e s  and requi rements  a re  d i r e c t l y  c o r r e l a t e d  w i t h  l e v e l s  o f  
i n d i v i d u a l  energy expend i tu re  (James and S c h o f i e l d  lWO) ,  w h i l e  t h e  energy cos ts  
o f  a c t i v i t i e s  a re  presumably n e g a t i v e l y  r e1  a ted  t o  i n d i c a t o r s  o f  n u t r i t i o n a l  
s t a t u s  such as body weight  o r  a d i p o s i t y ,  o t h e r  t h i n g s  be ing  equal .  Thus, f a i l i n g  
t o  account f o r  d i f f e r e n c e s  i n  energy expend i tu re  would t end  t o  b i a s  t h e  
c o e f f i c i e n t  on c a l o r i e s  downward, q u i t e  apa r t  f rom any measurement e r r o r  e f f e c t s .  

The i s sue  o f  energy expend i tu re  i s  e s p e c i a l l y  impor tan t  i n  s t u d i e s  o f  a d u l t  
n u t r i t i o n ,  s i nce  a d u l t  energy use can be expected t o  va ry  s y s t e m a t i c a l l y  w i t h i n  
a  p o p u l a t i o n  depending on a c t i v i t y  1  eve1 .' An i n d i v i d u a l  ' s  energy expend i tu re  
i s  determined by he r  basal  metabo l i c  r a t e  (BMR) and by t h e  energy cos t s  o f  he r  
d a i l y  a c t i v i t i e s .  The former  i s  s t o c h a s t i c  and g e n e r a l l y  unobserved, bu t  
c o r r e l a t e d  w i t h  age, gender, and body mass (James, Ferro-Luzz i  , and Water1 ow 
1988). On t h e  o t h e r  hand, t h e  nons tochas t i c  component o f  energy expend i tu re  i s  
a  f u n c t i o n  o f  t h e  i n d i v i d u a l ' s  t ime  uses, and t h e  i n t e n s i t y  w i t h  which she 
pursues them (James and S c h o f i e l d  1990). 

Note t h a t  t h i s  problem i s  r e1  ated, though n o t  i d e n t i c a l ,  t o  t h e  ques t ion  o f  
heterogeneous n u t r i e n t  requi rements  across i n d i v i d u a l s  (and over  t ime )  which 
c u r r e n t l y  b e d e v i l s  t h e  c l  i n i c a l  n u t r i t i o n  1  i t e r a t u r e  (see Beaton l983a, b  and 
Dasgupta and Ray 1990). Whether i n d i v i d u a l  requ i rements  a re  f i x e d  o r  adapt ive,  
however, t hey  a re  we1 1 -p red i c t ed  by t h e  energy cos t s  o f  c u r r e n t  a c t i v i t y  l e v e l s ,  
a long  w i t h  t h e  aforement ioned c o v a r i a t e s  o f  BMR (James, Ferro-Luzz i  , and Waterlow 
1988). Hence, i n c l u d i n g  c u r r e n t  energy expend i tu re  - o r  some i n d i c a t o r  o f  t ime  
use c o r r e l a t e d  w i t h  energy expendi ture,  a long w i t h  age, he igh t ,  and gender - 
seems a  way o f  m in im i z i ng  t h i s  source o f  b i a s  i n  a  n u t r i t i o n  regress ion ,  
p rov i d i ng ,  o f  course, t h a t  t h e  s i m u l t a n e i t y  o f  these choices can be a p p r o p r i a t e l y  
model ed. 

T h i s  s tudy  examines t h e  determinants  o f  t h e  n u t r i t i o n a l  s t a t u s  o f  a d u l t  
women u s i n g  household survey da ta  f rom Ghana. I t s  main c o n t r i b u t i o n  l i e s  i n  
e x p l o i t i n g  t ime-use da ta  t o  es t ima te  t h e  c o n t r i b u t i o n  o f  i n d i v i d u a l  energy 
expend i tu re  d i f f e r e n t i a l s  i n  de te rmin ing  n u t r i t i o n a l  s t a t u s .  

The r o l e  o f  energy expend i tu res  i n  c o n t r i b u t i n g  t o  female m a l n u t r i t i o n  i s  
po ten t  i a1 l y  more impor tan t  i n  sub-Saharan A f r i c a  than anywhere e l s e  i n  t h e  wor ld .  
A f r i c a n  women t end  t o  spend a  r e l a t i v e l y  h i ghe r  p r o p o r t i o n  o f  t h e i r  t ime  
per fo rming  p h y s i c a l l y  demanding tasks,  w i t h  r e l a t i v e l y  l e s s  l e i s u r e  t ime,  due 
ma in l y  t o  t h e i r  c e n t r a l  r o l e  i n  a g r i c u l t u r a l  p roduc t i on  and d i s t r i b u t i o n ,  and a  
l a c k  o f  l abo r - sav i ng  dev ices (Lawrence e t  a l .  1985; Singh e t  a l .  1989; Lamba and 
Tucker 1990; and Mebrahtu 1991). Marked seasonal swings i n  energy expendi ture,  

2 T h i s  i s  n o t  t o  say t h a t  energy expend i tu re  can always be s a f e l y  ignored  i n  
c h i l d  s t u d i e s  (see Beaton 1983b). 



as we1 1  as i n  body weight  and composi t ion and food a v a i l  a b i l  i t y ,  have a1 so been 
documented among A f r i c a n  women, e s p e c i a l l y  i n  r u r a l  areas (Lawrence e t  a l .  1989 
and Reardon and Mat lon 1989). 

A  secondary focus o f  t h e  ana l ys i s  i s  t h e  r o l e  o f  f e r t i l i t y .  I n  general ,  
weight  increases w i t h  p a r i t y .  Among undernourished, h i g h  f e r t i l i t y  populat ions,  
however, i n d i c a t o r s  o f  n u t r i t i o n a l  s t a t u s  based on weight  may d e c l i n e  w i t h  
increased p a r i t y  (Ada i r  1991). Sub-Saharan A f r i c a ' s  average f e r t i l i t y  r a t e  (6.5 
pe r  woman, compared t o  2.7 f o r  East As ia  and t he  P a c i f i c ,  2.0 f o r  South Asia,  3.3 
f o r  L a t i n  America and t h e  Caribbean) (World Bank 1992) i s  t he  h ighes t  i n  t he  
wor ld .  Whi le acceptance o f  t h e  n o t i o n  o f  a  maternal  d e p l e t i o n  syndrome i s  n o t  
un i ve rsa l  ( W i n i k o f f  and Cas t l e  [1987] express skept ic ism,  f o r  example), r ecen t  
emp i r i ca l  evidence f rom a  v a r i e t y  o f  s e t t i n g s  suggests t h a t  r a p i d  rep roduc t i ve  
c y c l  i n g  indeed c o n t r i b u t e s  t o  maternal  n u t r i t i o n a l  d e p l e t i o n  i n  h i gh  f e r t i l  i t y  
c o u n t r i e s  (Merchant and Mar to re l  1  1983; Huffman, Wol f f  , and Lowel 1  1985; Adai r 
e t  a1 . 1990; Merchant, Ma r to re l  1,  and Haas 1990a, b )  . Since none o f  these s tud ies  
t r e a t e d  p a r i t y  as an endogenous choice va r i ab le ,  however, t h e  poss i  b i l  i t y  o f  
s t a t i s t i c a l  b iased  r e s u l t s  cannot be r u l e d  ou t .  
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2. METHODOLOGY 

THEORETICAL MODEL 

The t h e o r e t i c a l  model used here i s  based on those employed by Rosenzweig and 
Schu l tz  (1983) and Schul tz  (1984). Household members are assumed t o  behave as 
j o i n t  we l fa re  maximizers w i t h  respect  t o  i n d i v i d u a l  h e a l t h  s tatus,  consumption, 
and t ime a l l ~ c a t i o n . ~  Household u t i l i t y  i s  der ived  from both purchased and 
home-produced goods, i n c l u d i n g  n u t r i t i o n  and hea l th .  A j o i n t  household 
preference f u n c t i o n  governing household decis ions over t h i s  choice se t  takes the  
form: 

where Hi i s  t h e  hea l th  s ta tus  o f  household member i, CA , i s  member i ' s  nonfood 
consumption vector ,  C i  i s  i ' s  food consumption vector ,  L' i s  i ' s  l e i s u r e  t ime, 
/I i s  an unobserved v a r i a b l e  captur ing  tas tes  and norms, assumed t o  be exogenous 
t o  c u r r e n t  consumption decis ions,  and I i s  household s ize .  

The re1  a t  i onsh i  p  between t h e  n u t r i t i o n a l  s ta tus  o f  each household member and 
n u t r i e n t  and hea l th  i npu ts  (as condi t ioned by the  i n d i v i d u a l ' s  h e a l t h  endowment 
and the  household and community hea l t h  environment and i n f r a s t r u c t u r e )  i s  
governed by a  p roduc t ion  f u n c t i o n  o f  t he  form: 

H' = H  (N', A', B', Ti, Fi; Di, S, M, qi), i = 1,. ..,I (2)  

where N', A',  B', and Ei are vectors o f  member i ' s  recent  n u t r i e n t  in takes,  
m o r b i d i t y  ep i  ~ o d e s , ~  use o f  hea l t h  care serv ices,  and energy expenditure, 
respec t i ve l y ;  F' i s  i ' s  t o t a l  p a r i t y ;  Di i s  a  vec tor  o f  o the r  f i xed ,  observable 
i n d i v i d u a l  c h a r a c t e r i s t i c s  o f  member i a f f e c t i n g  her n u t r i t i o n a l  s tatus;  S  and 
M are vec tors  o f  household and community f i x e d  fac to rs ,  r espec t i ve l y ,  t h a t  a f f e c t  
t he  n u t r i t i o n a l  s ta tus  o f  household members; and q' i s  i ' s  (unobserved) hea l t h  

3 Thi  s  assumption has been c r i t i c i z e d  f o r  i gno r i ng  bargain ing between 
household members (e.g., Fol b re  1986. For t h e o r e t i c a l  presentat ions o f  the  
barga in ing  approach, see Manser and Brown 1980 and McElroy and Horney 1981). The 
d i s t i n c t i o n  between the  two models i s  o f t e n  nugatory i n  empi r i ca l  app l i ca t ions ,  
however ( c f .  exchange between Folbre 1984 and Rosenzweig and Schul tz  1984), so 
Occam's Razor would seem t o  f avo r  t h e  former. 

" Because diseases can reduce the  absorpt ion o f  n u t r i e n t s  consumed, as we l l  
as depressing the  appet i te ,  wh i l e  fevers  r a i s e  metabol ic  ra tes ,  t h e  morb id i t y  
i n d i c a t o r  may be thought o f  as cond i t i on ing  the  n u t r i e n t  i n take  va r i ab le .  



endowment. The househo 
cons t ra in t ,  generat ing 
which take the  general 

1  d  max 
i n p u t  
form: 

imizes (1) subject  t o  (2) and i t s  f u l l  income budget 
demands t h a t  en ter  the  r ight-hand s ide  o f  (2 )  and 

Z = r  (Y, P; D i ,  S ,  M, Q'), i = 1  ,..., I 

where Z i s  a  p laceholder  f o r  {Ni, Ai, Bi, Ei, Fi), Y i s  exogenous income, and P 
i s  the complete vec tor  o f  p r ices ,  broadly def ined t o  inc lude t ime as we l l  as 
money costs.  Note t h a t  i n  t h i s  s p e c i f i c a t i o n  n e i t h e r  p r i c e s  nor  income enter  
d i r e c t l y  i n t o  the  product ion o f  hea l th .  Instead, they a f f e c t  (2) i n d i r e c t l y  v i a  
the  demand f o r  inputs .  

INDIVIDUAL HETEROGENEITY 

Empir ica l  app l i ca t i ons  o f  t he  above model face several p o t e n t i a l  p i t f a l l s .  
Perhaps best known i s  t he  problem o f  unknown i n d i v i d u a l  heterogenei ty  - i n  terms 
o f  the  cu r ren t  s p e c i f i c a t i o n ,  the  i nab i  1  i t y  o f  researchers t o  observe Q' . To 
i l l u s t r a t e ,  consider  t he  example o f  a  household i n  which some members are 
i nhe ren t l y  more robust  than others, and thus b e t t e r  able t o  weather short- term 
shocks such as food shortages. Family members are l i k e l y  t o  be aware o f  t h i s ,  
and i n  lean per iods may choose t o  a l l o c a t e  r e l a t i v e l y  more food t o  those who most 
need i t  i n  o rder  t o  surv ive.  Typ i ca l l y ,  researchers cannot observe such 
d i f f e rences  i n  i n d i v i d u a l  endowments; y e t  the  observed l e v e l s  o f  some hea l th  and 
n u t r i e n t  i npu ts  w i l l  undoubtedly vary according t o  t h i s  i n d i v i d u a l  a t t r i b u t e  0'. 
The r e s u l t i n g  c o r r e l a t i o n  between the  i npu ts  and the  e r r o r  term i n  equat ion (2) 
w i l l  b i a s  t h e  c o e f f i c i e n t s  i f  they are estimated us ing ord inary  l e a s t  squares 
(OLS) . 

There are e s s e n t i a l l y  th ree  poss ib le  responses t o  t h i s  d i f f i c u l t y .  The 
f i r s t  i s  simply t o  est imate equation (2)  by OLS, and l i v e  w i t h  the p o s s i b i l i t y  
o f  b ias.  A  case can be made f o r  doing so, s ince the  b ias  may be small and the  
remaining opt ions,  wh i l e  consis tent ,  are o f t e n  r e l a t i v e l y  i n e f f i c i e n t  (see Buse 
1988).5 Another op t i on  i s  t o  use f u l l  in fo rmat ion  methods t o  est imate the 
product ion func t i on  and i npu t  demands as a  simultaneous system. This was the  
approach chosen by Rosenzweig and Schul t z  (1983), f o r  example, i n  t h e i r  analys is  
o f  b i r t h  weight p roduct ion  w i t h  endogenous i npu ts  i n  the  Uni ted States. Gui l  key 
e t  a l .  (1989) a lso  used t h i s  method i n  t h e i r  study o f  b i r t h  outcomes i n  the 
Ph i l i pp ines .  E x p l i c i t l y  modeling the  f u l l  s t r u c t u r a l  system i s  appealing, bu t  
t h i s  requ i res  the  researcher t o  spec i fy  the  complete s t r u c t u r e  o f  the  model, 
poss ib ly  increas ing  the  1  i kel  i hood o f  s p e c i f i c a t i o n  e r r o r .  Perhaps more t o  the 
p o i n t  i n  many app l ica t ions ,  they can make insupportable demands upon the  data 
set .  

For t h i s  reason i t  i s  i n t e r e s t i n g  t o  compare the  est imates o f  t he  p re fe r red  
model, presented below, w i t h  the  OLS estimates, which appear i n  an appendix 
tab le .  



The remaining option - which is related to the second - is to use an 
instrumental variables (IV) estimator. This method also may impose heavy demands 
on the data set. It is often difficult in practice to find identifying 
restrictions for more than one or two endogenous health or nutrient inputs, when 
many more are usually required. Even when sufficient plausible restrictions are 
avail able to identify the model, the instruments may perform poorly, leading to 
estimates of the structural coefficients that are imprecise. 

Ideally, the vector M in equations (3) should contain a complete set of 
prices and wages, as well as other community variables affecting the demand for 
nutrient and health inputs - examples include roads, distance to nearest clinic, 
qua1 i ty of avai 1 able health care services, cl imate, prevalence of di sease vectors 
in the local water supply and environs, local dietary and other customary 
practices, and the like. Often these are not observed; with the exception of 
local market prices and some locational indicators, this is unfortunately true 
of the data set we use here. 

As is true of many integrated household data sets, however, ours was 
generated using cluster sampling techniques. Each cluster represents a single 
market and a relatively homogeneous group of households, and interviews within 
each cluster were conducted over a short period of time. As such, there is 
likely to be virtually no intra-cluster price variation, while all of the other 
variables in M are by definition constant within a cluster. This fact suggests 
the possibility of taking into account the effects of these missing variables in 
the instrumenting equations using cluster-fixed effects or similar techniques. 
This is discussed in the next section. 

IDENTIFYING THE EFFECTS OF MISSING COMMUNITY FACTORS 

Consider the following estimating equations, which may be viewed as 1 inear 
approximations to equations (2) and (3): 

where the v subscript indexes villages (clusters) and i indexes individuals. As 
before, Z represents the vector of inputs into the production of nutrition; D, 
S, and M denote observable individual, household, and vill age factors, 
respectively, which affect nutrition production or input demands; the q and w 
terms are unobserved personal and village characteristics. 

If most elements of the vector MZ in equation (5) are unavailable, then the 
unobserved component d may contain the bulk of the information explaining the 
use of some inputs, meaning that any predicted values derived from the estimated 
coefficients of equation (5) are 1 ikely to be inefficient instruments. If any 



o f  t h e  i nc l uded  predetermined v a r i a b l e s  a re  c o r r e l a t e d  w i t h  d, then t h e  
parameter es t imates  f rom (5 )  would a l s o  be biased. A  p o s s i b l e  s o l u t i o n  t o  t h i s  
problem would be t o  use a  community- f ixed e f f e c t s  model t o  es t imate  ( 5 ) ,  whereby 
t h e  da ta  a re  dev ia ted  f rom t h e i r  c l u s t e r  means:6 

E q u i v a l e n t l y ,  t h i s  equa t ion  can be expressed i n  terms o f  dummy va r i ab l es :  

where X,  i s  a  v e c t o r  o f  c l u s t e r  dummy va r i ab l es ,  such t h a t  t h e  j t h  element i s  
d e f i n e d  t o  be u n i t y  i f  i n d i v i d u a l  i 1  i v e s  i n  c l u s t e r  j, and zero o therwise.  As 
l o n g  as a l l  observa t ions  w i t h i n  a  g i ven  c l u s t e r  a re  c o l l e c t e d  i n  t h e  same t ime 
pe r i od ,  then  equa t ion  ( 7 )  i s  n e a r l y  equ i va l en t  t o  t h e  more r i c h l y  parameter ized 
equa t ion  ( 5 ) .  

Thus, t h e  t o t a l  va r iance  i n  equa t ion  (5) may be p a r t i t i o n e d  i n t o  t h e  w i t h i n -  
c l u s t e r  sum o f  squares about t h e  c l u s t e r  means, and t h e  sum o f  squares o f  t h e  
c l u s t e r  means about t h e  grand mean, and t h e i r  r e s p e c t i v e  e f f e c t s  t r e a t e d  separ- 
a t e l y .  Because MZ and d are  cons tan t  across households i n  a  g i ven  c l u s t e r ,  they 
a re  d i f f e r e n c e d  o u t  when t h e  da ta  a re  dev ia ted  from t h e i r  means and thus  need n o t  
be cons idered i n  t h e  e s t i m a t i o n  o f  ( 6 ) .  For t h i s  reason, t h e r e  i s  no p o s s i b i l i t y  
o f  b i a s  due t o  t h e  c o r r e l a t i o n  between MZ and d i n  these regress ions .  Thus, 
p Z  and y Z  may be c o n s i s t e n t l y  est imated.  I f  c o n s i s t e n t  es t imates  o f  these para- 
meters were t h e  p r imary  goal  o f  t h i s  exerc ise ,  then  c l u s t e r - f i x e d  e f f e c t s  would 
be f u l l y  app rop r i a t e .  

As a  means o f  o b t a i n i n g  t h e  I V  es t ima to r  o f  t h e  n u t r i t i o n  p roduc t i on  
f u n c t i o n ,  on t h e  o t h e r  hand, us i ng  c l u s t e r - f i x e d  e f f e c t s  t o  c o n s t r u c t  ins t ruments  
may n o t  be t h e  bes t  cho ice .  Note t h a t  t h e  v e c t o r  MZ i s  dropped when es t ima t i ng  
( 6 ) ;  y e t  MZ i s  ap t  t o  c o n t a i n  many exogenous v a r i a b l e s  u s e f u l  f o r  i d e n t i f y i n g  
ins t ruments ,  even though i t  may be re1  a t i v e l y  sparse f o r  t h e  reasons g iven  above. 
Furthermore, t h e  f i x e d - e f f e c t s  es t ima to r  o f  equa t ion  (6) can use o n l y  t h e  
i n f o r m a t i o n  con ta ined  i n  t h e  i n t r a - c l  u s t e r  v a r i a t i o n ;  i n t e r - c l u s t e r  v a r i a t i o n  i s  
ignored.  For  these  reasons, t h e  f i x e d - e f f e c t s  es t ima to r  o f  (6) i s  l i k e l y  t o  be 
imprec ise.  The c l u s t e r  means o f  t h e  observed Zvi, which imp1 i c i  t l y  c o n t a i n  much 
o f  t h e  i n f o r m a t i o n  on t h e  e f f e c t s  o f  t h e  unobserved community v a r i a b l e s  i n  
e x p l a i n i n g  i n t e r - c l u s t e r  v a r i a t i o n s  i n  i n p u t  use, may be i nc l uded  as ins t ruments  
i n  t h e  e s t i m a t i o n  o f  equa t ion  ( 4 )  along w i t h  t h e  p r e d i c t e d  d e v i a t i o n s .  

S t rauss  (1990) uses a  s i m i l a r  method t o  deal  w i t h  t h e  problem o f  m iss ing  
househo7d v a r i a b l e s  i n  a  s tudy o f  c h i l d  n u t r i t i o n  i n  C6te d ' l v o i r e .  



The approach taken in the present study is slightly different. Rather than 
estimating equation (6) in fixed effects, the cluster mean of the LHS variables 
in equations (5) is included as an -instrument in equations (5); in effect, 
Sty + M:d + wt is substituted for Z,.7 AS discussed above, the community 
means imp1 icitly contain information on the missing cluster characteristics 
useful for identifying the instruments. While the pathways by which the missing 
community variables affect input 1 eve1 s cannot be identified using this method, 
the impact of these missing variables on the production of nutrition, as they 
operate through the demand for inputs, can be consistently estimated.' 

MODEL SPECIF ICAT ION 

In this study, women's nutritional status is measured by Quetlet's body mass 
index (BMI) , defined as (weight/height2), the most commonly used indicator of 
nutritional status for nonpregnant, nonl actating adul tsag BMI has a very low 
correlation with height, but is highly correlated with adiposity (Gibson 1990 and 
Fogel 1991). It is a1 so highly correlated with many heal th-related indicators, 
including mortality risk (Waaler 1989). 

Nonetheless, there is as yet little agreement on BMI's distribution in 
heal thy popul ati ons, and hence of appropriate cutoff values for evaluating health 
and mortal i ty risk. One classification provided by James, Ferro-Luzzi , and 
Waterlow (1988) suggests that BMI levels between 18.5 and 23 be considered 
normal, with values above 23 being overweight. lo Individuals fa1 1 ing below 18.5 
are assigned one of three categories, ranging from grade I, or mild to moderate 
energy deficiency for BMI between 18.5 and 17, to grade 111, or severe wasting, 
for BMI below 16. 

' A similar technique is used by Alderman and Garcia (1992). 

' It might be argued that while this technique accounts for the problem of 
individua7 heterogeneity, the re1 ated problem of unobserved c7uster heterogeneity 
is not addressed. That is, 4 and 4 may not be independent, so that inclusion 
of the cluster means in the first stage estimation of the ZVi may not result in 
instruments that are fully independent of the error term in equation (4). Most 
of the observed inter-cluster' variation in nutritional status, however, is 1 i kely 
the result of fluctuations in levels of input use. These, of course, would be 
captured in the first-stage predictions ofthe instruments. Moreover, indicators 
are included in the structural nutritional status equation for agroecological 
zones, urban and semi urban areas, and the capital and other re1 atively privileged 
cities. These should account for most of the remaining unexplained cluster 
heterogeneity. 

On the relative merits of different indices for adult nutritional status, 
see Gibson (1990) and the references therein and Smalley et al. (1990). 

lo Other cutoff values have been suggested by Royal College of Physicians 
(1983); Dugdale (1985); Payne (1986); and Health and Welfare Canada (1988). 



An obvious input to nutrition is the individual's intake of calories in the 
previous period. In the present study this is not directly observed and is 
proxied by per capita household calorie availabil ity as well as by covariates 
such as age and height." Calorie availability derives from the household's 
food demand and thus flows from the interaction of household tastes and 
preferences with the budget constraint. The latter is determined by the 
household's assets and human capital , re1 ative prices, and the opportunities and 
limitations imposed by locale and season. 

Morbidity is the result of exposure to pathogens and parasites, as modified 
by individual choices and characteristics, and by the availability and quality 
of health care services. Nutrition affects susceptibility to illness through its 
influence on the immune system, as well as being affected by it. Exposure, on 
the other hand, is largely a function of the level of community sanitation and 
the type of water supply, as we1 1 as by local prevalence of disease organisms and 
local customs and practices. 

Demand for health care services is also a function of exogenous income and 
prices, as well as individual and household characteristics. However, 
avail abil ity of, and distance to, health care facil ities are often more important 
determinants in developing countries, parti cul arly in rural areas (see Gertl er 
and van der Gaag 1990). Qua1 ity of services and the extent and diffusion of 
knowledge about health care practices within the community may also play 
important roles but are generally not observed. 

Energy expenditure, as previously mentioned, is determined by the 
individual's basal metabolic rate and by the energy costs of her daily 
activities. The former may be proxied by age and height (James, Ferro-Luzzi, and 
Waterlow 1988); the latter is determined by the individual's time uses and 
intensities. These are functions, in turn, of individual tastes, relative prices 
(including the value of time), other individual and household characteristics, 
and all of the local factors affecting the individual's choice set, including 
community norms, infrastructure, cropping patterns, climate, and season. 

Parity, too, is influenced by individual preferences, as well as prices. 
It is also a function of community standards and expectations and of the woman's 
access to, and knowledge of, birth control methods. These latter factors are 
covariates of vill age infrastructure and locational variables, as well as 
numerous unobserved community characteristics affecting the state and diffusion 
of knowledge within the community (Bollinger 1992). 

Thus a number of variables that enter the nutrition production function are 
significantly influenced by the community's environment and infrastructure, 

" Adult height is generally considered predetermined since it is largely a 
product of early childhood nutrition, in interaction with the genetic potential 
of the individual (Martorell 1991). Height may also be influenced by nutrition 
during ado1 escence, especi a1 ly if pregnancy occurs before growth is completed 
(see Kennedy and Bentley [forthcoming] and the references therein). 



knowledge base, and norms and practices, a1 1 of which are unobserved. These 
include recent days of i l lness ,  consumption of health care services, hours 
devoted to  tasks demanding various levels of energy expenditure, and parity. 
Each of these variables was instrumented using cluster average values in addition 
t o  other exogenous variables. l2  Calorie avai 1 abi 1 i ty ,  by contrast, was 
identified in the usual fashion. 

Additional individual characteristics included in the nutri t ion production 
function include age, which i s  intended t o  pick up  developmental processes; 
height," which may proxy unobservable genetic endowments that contribute to  
overall physical robustness (Martorel 1 1991) ; and education dummies which, for 
any given level of inputs, influence the knowledge and efficiency with which they 
are used in producing nutri t ion. 

For the most part household a t t r ibutes ,  incl uding the age-gender 
composition, information about the household head, household assets,  and the 
educational stock of i t s  members, enter the nutrition equation via the 
instruments rather than direct ly  in the structural production equation. This i s  
in keeping with household production theory, which views nutritional status as 
the outcome of the levels of the proximate inputs chosen by the individual 
household members. The same holds for many of the observable community factors. 
Nevertheless, household size was included direct ly  in order to  capture potential 
scale economies; and dummy variables for the Savannah and Forest agroecological 
zones, and for Accra and Kumasi, the major urban centers, were also included in 
order to  account for any additional regional dispari t ies  n o t  measured el sewhere. 

Finally, quarterly dummies were included to account for  possible seasonal 
effects .  Seasonal swings in nutritional status are certainly expected in Africa, 
particularly in rural areas (Lawrence e t  a1 . 1985). However, while the prices 
of most of the major staples exhi b i t  marked seasonality, the impact of th i s  on 
nutri t ion should be ful ly  accounted for by the calorie availabil i t y  pathway. 
Seasonal differences in disease prevalence, too, o u g h t  t o  affect nutrition 
indirectly,  via the i l l  ness instrument. However, quarterly dummies were included 
in order to  allow for the possi bil i t y  of additional unobserved seasonal factors. 

12 To avoid reintroducing individual heterogeneity in these regressions, non-  
se lf  c luster  mean was used, calculated over a l l  households in the cluster o t h e r  
than that  of the individual in question. 

Both age and height may also capture the residual effects  of previous 
deprivation, e.g., the calamitous drought and famine that  h i t  Ghana in 1983-84. 



3. DATA 

The model i s  est imated w i t h  da ta  from the  1987-88 Ghana L i v i n g  Standards 
Survey (GLSS) , a  n a t i o n a l  l y  r ep resen ta t i ve ,  se l  f -weigh i  ng random sample o f  nea r l y  
3200 households, o r  r ough l y  15,000 people. l4 Community ( c l  u s t e r - l e v e l  ) p r i c e s  
were gathered f o r  most o f  t h e  ca lor ie-dense foods and some nonfood i tems i n  a  
complementary market survey t h a t  was undertaken a t  t he  same t ime as t he  household 
i n te r v i ews .  F i e l d  s t a f f  made t h r e e  purchases o f  each commodity and recorded t h e  
p r i c e s  pa id .  Subsequently t h e  purchases were weighed, g i v i n g  a  u n i t  p r i c e .  
M iss ing  p r i c e s  were handled where p o s s i b l e  by us ing  t h e  p r i c e  from t h e  c l o s e s t  
a v a i l a b l e  c l u s t e r .  R ice p r i ces ,  which were n o t  recorded on t h e  ques t ionna i re ,  
were ob ta ined  f rom r e g i o n a l  a g r i c u l t u r a l  market data.  

The d e f i n i t i o n s  o f  a l l  v a r i a b l e s  used i n  t h e  subsequent ana l ys i s  a re  g iven  
i n  Table 1. D e s c r i p t i v e  s t a t i s t i c s  on these v a r i a b l e s  a re  presented i n  Table 2. 

A ma jo r  aim o f  t h i s  paper i s  t o  c o n s t r u c t  a  use fu l  proxy f o r  i n d i v i d u a l  
energy expend i tu re .  The time-use- module o f  t he  GLSS, admin is tered t o  a l l  
household members seven years  o f  age and o lde r ,  r e p o r t s  hours devoted t o  "main" 
and "secondary" jobs  d u r i n g  t he  seven days p r i o r  t o  i n te r v i ew ,  as w e l l  as t he  
t ime  spent i n  t h e  home per fo rming  nonmarket-or iented tasks  (e.g., p repar ing  
meals, f e t c h i n g  water  and wood, e t c . )  du r i ng  t he  same per iod .  

Seventy-two percen t  o f  t he  women worked ou t s i de  t h e  home, and o f  these, 21 
percen t  r epo r ted  work ing a t  l e a s t  two jobs  i n  t h e  p rev ious  seven days. Th is ,  o f  
course, i s  i n  a d d i t i o n  t o  a  weekly average o f  more than 20 hours o f  1  abor i n  t h e  
home, a  ca tegory  which more than 95 percen t  o f  t h e  sample repo r ted  performing. 
A g r i c u l t u r e  dominates t h e  a c t i v i t i e s  o f  Ghanaian women. Fo r t y - t h ree  percent  
r e p o r t e d  t h a t  a g r i c u l t u r a l  t asks  c o n s t i t u t e d  t h e i r  main j o b  i n  t h e  p rev ious  week; 
o f  those r e p o r t i n g  a  secondary job,  40 percen t  s a i d  t h a t  t h i s ,  too,  was i n  
a g r i c u l t u r e .  The predominance o f  a g r i c u l t u r a l  employment i s ,  however, n o t  
apparent i n  t h e  mean hours i n  a g r i c u l t u r e  repo r ted  i n  Table 2; those who d i d  
per fo rm n o n a g r i c u l t u r a l  work r e p o r t e d  more t ime  i n  t h a t  a c t i v i t y  and thus  t he  
average t ime  spent i n  n o n a g r i c u l t u r a l  a c t i v i t i e s  exceeds t h a t  i n  a g r i c u l t u r e .  

It should be noted t h a t  t he  d i s t i n c t i o n  between market t ime ( " l a b o r  supp ly " )  
and nonmarket t ime,  o f t e n  made i n  t ime a l l o c a t i o n  s tud ies ,  i s  n o t  germane t o  t h i s  
d iscuss ion .  Ins tead ,  what i s  r e q u i r e d  i s  t h a t  t h e  average energy i n t e n s i t y  o f  
an hour ' s  l a b o r  i n  any a c t i v i t y  be more homogeneous w i t h i n  t he  g i ven  j o b  c l ass  
than across c lasses .  Obviously,  t h e  more s i m i l a r  w i t h  respec t  t o  energy 
i n t e n s i t y  t h e  a c t i v i t i e s  a re  w i t h i n  c lasses,  and t he  more d i s s i m i l a r  they  are 

l4 For  a  d i scuss ion  o f  t h e  GLSS survey des ign and 
S c o t t  and Amenuvegbe (1989). 

sampl i ng met hod01 ogy , see 



Table 1 - Definitions of Major Variables 

Variable Definition 

BMIa 
Age 
Height 

Education dummies 

Primary 

Secondary 

Postsecondary 

Household s ize 

Femal e-headed 

Forest zone 

Savannah zone 

2nd quarter 

3rd quarter 

4 t h  quarter 

Urban 

Semi urban 

Body mass index: W t  (kg)/Ht2 (m) 
Reported age in years 
Measured height in centimeters 

Equals one i f  highest grade respondent reports 
completing i s  in primary school, and zero otherwise. 

Equals one i f  highest grade respondent reports 
completing i s  in secondary school, and zero 
otherwise. 
Equals one i f  highest grade respondent reports 
completing i s beyond secondary school, and zero 
otherwise. 

Number of members of respondent's household. 

Equal s one i f respondent resides in a household 
headed by a woman, and zero otherwise. 
Equals one i f  respondent's household i s  located in 
the Forest agroecol ogi cal zone, and zero otherwi se. 
Equals one i f  respondent's household i s  located in 
the Savannah agroecol ogi cal zone, and zero otherwise. 
Equals one i f  respondent was interviewed during the 
second quarter of the year (April-June) and zero 
otherwise. 
Equals one i f  respondent was interviewed during the 
third quarter of the year (July-September), and zero 
otherwi se. 
Equals one i f  respondent was interviewed during the 
fourth quarter of the year (October-December) , and 
zero otherwise. 
Equals one i f  respondent's household i s  located in an 
urban area, and zero otherwise. 
Equals one i f  respondent's household i s  located in a 
semiurban area (population 2,000 or more), and zero 
otherwise. 

(continued) 



Table 1 ( con t inued)  

V a r i a b l e  Def in i t ion 

Accra 

Kumas i 

Log p e r  c a p i t a  ca l o -  
r i e s  a v a i l a b l e a  

Log pe r  c a p i t a  house- 
h o l d  expendi t u r e s a  

Number o f  days ill 
i n  p a s t  f o u r  weeksa 

Number o f  days 
i ncapac i t a t ed ,  pas t  
f o u r  weeksa 

Log h e a l t h  ca re  
expendi tures,  p a s t  
f o u r  weeksa 

Par i t y a  

Ag r i  c u l  t u r a l  hours,  
l a s t  seven daysa 

Nonagr icu l  t u r a l  
hours, l a s t  
seven daysa 

Home l a b o r  hours,  
l a s t  seven daysa 

Equals one i f  respondent 's household i s  l o c a t e d  i n  
Accra ( t h e  n a t i o n a l  c a p i t a l  ) , and zero o therwise.  
Equals one i f  respondent 's household i s  l o c a t e d  i n  
Kumasi ( c a p i t a l  o f  Ashant i  Region), and zero 
o therw ise .  

The average t o t a l  c a l o r i e s  a v a i l a b l e  t o  t h e  
household d u r i n g  t h e  two weeks p r i o r  t o  i n t e r v i ew ,  
d i v i d e d  by household s i ze ,  i n  n a t u r a l  l ogar i thms.  
The t o t a l  expendi tures (ced is )  r epo r t ed  on a l l  goods 
and se rv i ces  i n  t h e  two weeks p r i o r  t o  i n t e r v i e w  by 
a1 1  household members, i n c l  ud i  ng imputed v a l  ue o f  
home-produced foods, d i v i d e d  by household s i ze ,  i n  
n a t u r a l  1  oga r i  thms. 

The number o f  days respondent r e p o r t e d  be ing  ill i n  
t h e  f o u r  weeks p r i o r  t o  i n t e r v i e w .  

The number o f  days respondent r epo r t ed  be ing  s u f f i -  
c i e n t l y  ill o r  i n j u r e d  as t o  p reven t  t h e  performance 
o f  he r  normal a c t i v i t i e s .  

The amount (ced is )  spent by household f o r  c u r a t i v e  
and p r e v e n t a t i v e  h e a l t h  ca re  goods and se rv i ces  f o r  
t h e  respondent d u r i n g  t h e  f o u r  weeks p r i o r  t o  
i n t e r v i e w ,  i n  n a t u r a l  l oga r i t hms .  
The number o f  pregnancies c a r r i e d  t o  term by t h e  
respondent, i n c l u d i n g  s t i l l  b i r t h s .  
The number o f  hours r epo r t ed  spent by respondent i n  
t h e  seven days p r i o r  t o  i n t e r v i e w  on a g r i c u l t u r a l  and 
f o r e s t r y  a c t i v i t i e s .  
The number o f  hours r e p o r t e d  spent by respondent i n  
t h e  seven days p r i o r  t o  i n t e r v i e w  on a l l  nonagr i cu l -  
t u r a l  a c t i v i t i e s  o t h e r  than  nonmarket-or iented 1  abor 
a t  home. 
The number o f  hours r epo r t ed  spent by respondent i n  
t h e  seven days p r i o r  t o  i n t e r v i e w  on nonmarket- 
o r i e n t e d  1  abor a t  home. 

a Endogenous v a r i a b l e s .  



Table 2 - Means and Standard Deviations of Major Variables  

Var i abl e 
Rural Urban Pool ed 

(n=1 ,977) (n=1,153) (n=3,130) 

Height 

Education 

Primary 

Secondary 

Postsecondary 0.009 0.061 0.028 

Househol d s i z e  

Femal e-headed 

Forest  zone 

Savannah zone 

2nd q u a r t e r  

3rd q u a r t e r  0.257 0.201 0.237 

4 th  q u a r t e r  0.258 0.159 0.222 

Urban - - 0.368 

Semi urban 0.316 - 0.120 

Accra - 0.256 0.094 

(cont inued)  



Table 2 ( c o n t i n u e d )  

Rural Urban Pooled 
(n=l, 977) (nd, 153) (n=3,130) Variable 

Kuma s i - 

Log p e r  c a p i t a  7.656 
c a l o r i e s  avai  1 a b l e  (0 .675)  

Log p e r  c a p i t a  house- 10.647 
hold  e x p e n d i t u r e s  (0.596) 

Number o f  days  i l l  3.388 
i n  p a s t  f o u r  weeks (6.127) 

Number o f  days  incapa-  1 .893 
c i t a t e d ,  p a s t  f o u r  weeks (4 .252)  

Heal th  c a r e  expendi - 586.584 
t u r e s ,  p a s t  f o u r  weeks (1,928.430) 

P a r i t y  

A g r i c u l t u r a l  hours  16.172 
l a s t  seven days (15.896) 

Nonagri cul  t u r a l  hours ,  7.676 
l a s t  seven days  (16.483) 

Home l a b o r  hours ,  20.686 
l a s t  seven days  (11.867) 

" Standard d e v i a t i o n s  appear  i n  p a r e n t h e s e s  be1 ow means. 



between classes, the better job the time allocation variables will do at repre- 
senting variations in energy expenditure within the sample, and thus the 
popul at i on. 

It was decided to aggregate hours into just three categories for use in the 
regression analysis: agricultural, nonagricultural, and home labor. The low 
level of technology that prevails in Ghanaian agriculture and the virtual lack 
of animal traction assures that most, if not all, agricultural activities are 
1 abor-intensive and re1 atively demanding. On the other hand, the avail able GLSS 
time-use data are insufficient to distinguish among gradations of the physical 
exertion required in the other occupations - e.g., between sales and service 
jobs. Thus the agricul ture/nonagricul ture distinction was a natural one in this 
case. Home labor was included because it is such a significant component of 
women's time allocation in Ghana. 

Table 3 illustrates the sample distribution of nutritional status for female 
respondents 18 years of age and above, using the categories suggested by James, 
Ferro-Luzzi , and Water1 ow (1988). By this standard, 17 percent of women in Ghana 
during the sample period could be classified as undernourished (BMI less than 
18.5) ; roughly 2 percent suffered from severe (Grade 111) caloric deficiency; 
while the remainder fell into less acutely dangerous brackets. 

Table 3 a1 so makes clear that rural inhabitants are generally thinner than 
their urban counterparts: rural women are observed in the lowest categories at 
rates twice that of urban dwellers. While a significant share of Ghanaian women 
are undernouri shed, a surprisingly high proportion appears to be overweight, 
particul arly in urban areas.'' This may simply reflect genetic differences 
between the Ghanaian population and those used to derive the cutoff values. It 
may also reflect dietary habits that have lagged behind behavioral changes as the 
society becomes more sedentary. While less of a concern than undernutrition, 
thi s apparent high preval ence of obesity neverthel ess may pose a potent i a1 ly 
serious health problem. 

Table 4 shows the joint distribution of rural and urban BMIs, heights and 
weights by predicted household per capita expenditure decile (a proxy for 
permanent income).16 Height, weight, and BMI all fail to display a consistent 
re1 ationship with per capita expenditures at the means. These observations, 
however, must be tempered by the knowledge that there is a substantial spatial 
component to the soci a1 disparities observed in Ghana: income, weal th, 
infrastructure and services, educational opportunities, and agronomic potential 

IS Using GLSS data, Alderman (1990) reported that males in Ghana are leaner 
overall, but that proportionately more women appear to be suffering from the more 
severe grades of undernutrition as well as from obesity. 

l6 The log of per capita household expenditures was predicted as a function of 
fixed household assets and human capital variables, as well as the cluster mean 
of the dependent variable (Alderman and Higgins 1992). In the text below, this 
variable will be termed "income" to avoid confusion with energy expenditures. 



Table 3 - Distribution of Nutritional Status (Chronic Energy Deficiency), 
Nonpregnant, Nonlactating Ghanaian Women 18 Years and Older 

Rural Urban 
BHI Range Classification (n=1,977) (n=l, 153) 

(Percent) 

BMI > 23.0 Overweight 19.1 38.1 

18.5 5 BMI 5 23.0 Normal energy reserves 61.2 50.5 

17.0 5 BMI < 18.5 Normal-to-mild CED 12.9 7.8 

16.0 5 BMI < 17.0 Mild-to-moderate CED 4.7 2.2 

BMI < 16.0 Severe CED 2.1 1.5 

Note :  Classifications are somewhat imprecise for the mild and moderate CED 
1 eve1 s because of normal variations observed in heal thy popul ations (see James, 
Ferro-Luzzi, and Waterlow 1988). 



Tab le  4 - D i s t r i b u t i o n  o f  BMI, Weight, and Height ,  by Income Dec i l e ,  
Nonpregnant, N o n l a c t a t i n g  Ghanaian Women 18 Years and O lder  

Rural  Urban 
Deci 1  e  Weight He igh t  BMI N  Weight He igh t  BMI N  

Note: Weights and h e i g h t s  a re  expressed i n  k i lograms and cent imeters ,  
r e s p e c t i v e l y .  Rank o r d e r i n g  o f  i n d i v i d u a l s  wwas performed over  t h e  e n t i r e  
sample, r a t h e r  than  w i t h i n  r u r a l  and urban subsamples separa te ly .  Ranking was 
on t h e  b a s i s  o f  p r e d i c t e d  per  c a p i t a  household expendi tures,  an exogenous income 
ins t rument ,  where l o g  o f  pe r  c a p i t a  expend i tu re  was regressed on household 
assets ,  demographic, community and reg iona l  c h a r a c t e r i s t i c s ,  and q u a r t e r l y  i n d i -  
c a t o r s .  



a l l  tend t o  f o l l o w  t h e  same south-to-north g r a d i e n t  e x h i b i t e d  by t h e  p r e v a i l i n g  
r a i n f a l l  p a t t e r n .  There a r e  a lso  e t h n i c  d i f f e r e n c e s ,  which, w h i l e  f a r  more 
complex, correspond i n  a  rough way t o  t h e  simple coast-forest-savannah d i v i s i o n .  



4. RESULTS 

Results from several alternative specifications of the nutritional status 
regression are presented in Table 5. Overall, the pattern displayed by the 
coefficients on the time-use variables tends to support the hypothesis that 
individual time a1 location plays an important role in determining female nutri- 
tional status. They also are consistent with the interpretation that time-use 
variables, appropriately disaggregated, are useful for proxying the individual 
energy costs of routine daily activities. These coefficients indicate, for 
example, that an additional 10-hour day per week devoted to agricultural labor 
would result, ceteris paribus, in an expected reduction in BMI of 0.64 (nearly 
15 percent of the range between obesity and the cutoff for mild chronic energy 
deficiency). By contrast, the nonagricul tural time allocation variable has a 
positive coefficient, which is consistent with the more sedentary nature of 
nonagricul tural labor in Ghana. 

The positive net effect of home labor, while smaller in absolute value than 
the other time-use coefficients, was not expected. Some of the tasks elicited 
in this category (e.g., haul ing water, gathering fuelwood) would seem to be as 
demanding as most farm tasks; others, such as childcare, cooking, and clothes 
mending, are far 1 ess energy intensive. The comparatively small positive 
coefficient may reflect the net impact of disparate activities with widely 
varying energy demands which were inappropriately aggregated into a sing1 e 
category. Unfortunately, the data allow no way of treating these categories 
apart. 

The results a1 so imply that the elasticities of other explanatory variables 
may be substantially biased if the variation in individual energy expenditure is 
not taken into account. The coefficient for calorie avail abil i ty, in particular, 
is small, unstable, and uniformly insignificant in a77 specifications, which 
exclude the time-use variables. When the latter are included, by contrast, the 
magnitude of the parameter estimate for calories jumps dramatically and becomes 
statistically significant (p = 0.039).17 The direction of bias when time 
allocation is excluded is consistent with the discussion of the joint interaction 
of individual calorie consumption, requirements, and energy expenditures in the 
introduction. 

Simi 1 ar patterns are observed for several other variables. For instance, 
coefficients for the forest and savannah zones, and urban and semi-urban areas, 
which "explain" a very 1 arge proportion of the variance of the dependent variable 

17 Moreover, this result is a1 so robust across several other permutations (not 
reported here because of space limitations), so long as the time-use variables 
are i ncl uded . 



Table 5 - N u t r i t i o n a l  Status Regressions, Women 18 Years and Older 

I n te rcep t  

Age (years)  

Age squared 

Height (cm. ) 

Education 

Pr imary 

Secondary 

Postsecondary 

Household s i z e  

Femal e-headed 

Fores t  zone 

Savannah zone 

2nd qua r te r  

3 r d  qua r te r  

4 t h  qua r te r  

(cont inued) 



Table 5 (cont inued) 

Va r i ab le  (1) (2) (3) (4) 

Urban 

Semi urban 

Log per c a p i t a  c a l o r i e s  
ava i l ab le "  

Number o f  days i 11 i n  
past f ou r  weeks" 

Log h e a l t h  care  expendi ture,  
pas t  f o u r  weeks' 

P a r i t y "  

A g r i c u l t u r a l  hours, 
1 as t  seven days' 

Nonagricul t u r a l  hours, 
1 as t  seven days' 

Home labo r  hours, 
1 as t  seven days' 

Notes: Standard e r r o r s  a r e  i n  parentheses below est imates.  They, and t h e  R2 s t a t i s t i c s ,  a re  cor rec ted t o  
account f o r  t h e  disturbances i n  t h e  f i rs t - s tage  regressions. The asymptot ic standard e r r o r s  of t he  estimates 
i n  t h e  prob i  t regress ions a r e  cor rec ted,  however. Dependent v a r i a b l e  i s  BMI . Sample mean o f  dependent 
v a r i a b l e  i s  21.67. Pregnant and l a c t a t i n g  women were excluded from sample. 

' Endogenous RHS va r i ab les .  

t imes lo-'. 

Maximum l i k e 1  ihood p r o b i t  es t imat ion .  Dependent va r i ab le  equals one when BMI  c 18.5, and zero otherwise. 
522 cases equal one, and 2,608 equal zero.  



in the parsimonious models (columns [ l ]  through [ 3 ] ) ,  drop by an average of 80 
percent in absolute value in model 4, which includes the time-use variables.  
Moreover, none of coef f i c ien t s  of the  regional and sector  dummy variables remain 
s ign i f i can t  by the  usually accepted c r i t e r i a  when time a l locat ion i s  included. 
This indicates  t ha t  most, i f  not a l l ,  of the regional pattern observed in female 
nu t r i t iona l  s t a t u s  t ha t  i s  not explained by ca lo r ies ,  par i ty ,  morbidity, and the 
avail abil  i  t y  of health care services,  works through regional differences in the 
pattern of women's da i ly  a c t i v i t i e s ,  and the energy costs  tha t  they imply. 

Par i ty  i s  associated with a negative net e f fec t  on nutr i t ional  s t a t u s .  The 
coef f i c ien t  suggests t h a t ,  on average, each additional pregnancy carr ied  t o  term 
by a woman in Ghana imp1 i e s  an expected drop in her BMI of between 0.25 and 0.40, 
o r  roughly half of the impact of an additional day of work in agr icul tura l  labor 
each week, holding other fac to rs  constant. The coef f i c ien t s  on the dummy 
variables f o r  secondary and postsecondary educational attainment shrink 
approximately 60 percent in absolute magnitude upon the introduction of par i ty  
in to  the regression, in the process becoming smaller than t h e i r  estimated 
standard e r ro r s .  This suggests t ha t  much of the apparent ameliorative e f fec t  of 
education on women's nu t r i t ion  operates through i t s  impact on f e r t i l i t y ,  ra ther  
than by d i r e c t l y  influencing the  health technology practiced in the  home. 

A s e t  of analogous regressions,  which include an exogenous income instrument 
in place of c a lo r i e s ,  are presented in Table 6. As previously noted, income i s  
not a proximate input in the production of nutr i t ional  outcomes. In e f f ec t ,  
then, these  equations a re  hybrids of s t ructura l  and reduced forms; while formally 
inconsistent  with household production theory, they may be usefully interpreted 
as conditional production functions (Strauss 1990). They a re  of i n t e r e s t  primar- 
i l y  t o  shed fu r t he r  l i g h t  upon the nature of the  speci f ica t ion e r ro r  discussed 
above. These regression r e su l t s  are generally qui te  s imi lar  t o  those reported 
in the previous t ab le .  The notable exception i s  t h a t ,  in d i s t inc t ion  t o  the 
ca lo r ie  variable in Table 5 ,  the coeff ic ient  on incomes f a l l s  from 1.45 t o  0.62 
- i  . e . ,  by nearly 60 percent of i t s  value - as variables measuring morbidity, 
health care ,  pa r i ty ,  and time uses en te r  the model sequenti a1 ly .  When predicted 
ca lo r i e s  i s  added,'' the  income variable shrinks t o  0.2 and i s  no longer d i s t in -  
guishable from zero by the  usual c r i t e r i a .  

This r e su l t  i l l u s t r a t e s  an important difference in the impact of excluding 
time a l locat ion variables in the two s e t s  of equations. As discussed above, the 
re1 at ionship between ca lo r ies  and BMI i s  unambiguously posi t ive;  1 i  kewi se ,  the 
pa r t i  a1 corre la t ion between energy expenditure and BMI i s  unambiguously negative. 
Since ca lo r i e  intake and energy expenditure are  posi t ively  correl  ated,  excluding 
indicators  of the  l a t t e r  wil l  bias regression coef f i c ien t s  of the  former in a 
negative d i rec t ion .  

In the case of regressions involving an income instrument, on the other 
hand, the in teract ions  are  more complex. Whi 1 e energy expenditure i s  s t i l l  
negatively re la ted  t o  BMI, the sign of the re la t ionship  between energy 

18 This r e s u l t  i s  not presented here due t o  space l imi ta t ions .  



Table 6 - Conditional N u t r i t i o n  Regressions, Women 18 Years and Older 

Var iab le  

In tercept  

Age (years)  

Age squared 

Height (cm.) 

Education 

Primary 

Secondary 

Postsecondary 

Household s i z e  

Femal e-headed 

Forest zone 

Savannah zone 

2nd quar ter  

3rd quar ter  

4 t h  quar ter  

(continued) 



Table 6 (cont inued) 

- - 

Variab le  

Urban 

Semi urban 

Log per cap i ta  
expendi tures" 

Number o f  days ill i n  
past f ou r  weeks 

Log h e a l t h  care  expenditures, 
past f o u r  weeks' 

Pa r i t y '  

A g r i c u l t u r a l  hours, 
1 as t  seven days' 

Nonagri cu l  t u r a l  hours, 
1 as t  seven days' 

Home labo r  hours, 
l a s t  seven days" 

Notes: Standard e r r o r s  are  i n  parentheses below estimates. They, and the R 2  s t a t i s t i c s ,  are cor rec ted t o  
account f o r  the disturbances i n  the f i r s t - s t a g e  regressions. The asymptotic standard e r ro rs  o f  the estimates 
i n  the prob i  t regressions are  not corrected, however. Dependent va r i ab le  i s  BMI. Sample mean o f  dependent 
v a r i a b l e  i s  21.67. Pregnant and l a c t a t i n g  women were excluded from sample. 

' Endogenous RHS va r iab les  . 
" times 10.'. 

' Maximum l i k e l i h o o d  p r o b i t  es t imat ion.  Dependent va r i ab le  equals one when BMI < 18.5, and zero otherwise. 
522 cases equal one, and 2,608 equal zero. 



expend i tu re  and i ncome 
n o t  he1 d  cons tan t .  

i s  murk ie r ,  and may we1 1  be nega t i ve  when occupat ion i s  

As suggested i n  t h e  preceding d iscuss ion ,  BMI p robab ly  bears  a  non l i nea r  
r e l a t i o n s h i p  t o  n u t r i t i o n a l  hea l th ,  w i t h  bo th  t h e  lower  and upper t a i l s  imp l y i ng  
se r ious ,  i f  r a t h e r  d i f f e r e n t ,  h e a l t h  problems. To focus  on t h e  l i k e l i h o o d  o f  
s e r i o u s  consequences due t o  energy de f i c i ency ,  a1 t e r n a t  i ve s p e c i f i c a t i o n s  o f  bo th  
s e t s  o f  r eg ress i ons  were r u n  t o  model t h e  p r o b a b i l  i t y  o f  be i ng  ma1 nour ished. The 
dependent v a r i a b l e  i n  these  equa t ions  i s  a  dummy v a r i a b l e ,  which takes  on a  va lue 
o f  u n i t y  i f  BMI i s  below 18.5, and zero o therw ise .  The maximum 1  i k e l  ihood p r o b i t  
es t imates  o f  these  models a re  presented i n  Appendix Table  2.  S i m i l a r l y ,  s ince  
t h e  da ta  presented i n  Table  3  suggest t h a t  o b e s i t y  may be a  s i g n i f i c a n t  source 
o f  r i s k ,  even i n  a  poor  n a t i o n  such as Ghana, p r o b i t  r eg ress i ons  repo r t ed  i n  
Appendix Table  3 r e p o r t  t h e  p r o b a b i l i t y  o f  a  women be ing  obese.lg 

I n  regards  t o  u n d e r n u t r i t i o n ,  l a c k  o f  c a l o r i e  a v a i l a b i l i t y  seems t o  counts 
f o r  l e s s  t han  overwork, l a c k  o f  u t i l i z a t i o n  o f  h e a l t h  ca re  and p a r i t y .  

C a l o r i e  ava i  1  ab i  1  i t y  (and income) , however, do c o n t r i b u t e  t o  t h e  probabi  1  i t y  
o f  o b e s i t y .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  ex is tence  o f  n o n l i n e a r i t i e s  i n  t h e  
c e n t r a l  r e s u l t s  modeled and repo r t ed  i n  Tables 5 and 6. A l t e r n a t i v e l y ,  o r  
a d d i t i o n a l l y ,  t h e  p o p u l a t i o n  o f  overweight  women i n  Ghana a re  more homogeneous 
than  those  who a re  i n  c h r o n i c  energy d e f i c i t  and, hence, ou r  p r e d i c t i o n  equat ions 
a re  more p rec i se .  

l9 The ca tego r i es ,  a1 though m u t u a l l y  exc l us i ve ,  a re  n o t  exhaust ive.  The s igns  
o f  most v a r i a b l e s  i n  Table  A2 a re  expected t o  be t h e  oppos i te  o f  those  i n  Table  
A3. U n l i k e  t h e  main r e s u l t s ,  t h e  T - s t a t i s t i c s  a re  n o t  c o r r e c t e d  f o r  f i r s t - s t a g e  
p r e d i c t i o n  e r r o r  and should be taken  as sugges t i ve  on l y .  



5. CONCLUSIONS AND DISCUSSION 

The poor  h e a l t h  and n u t r i t i o n  o f  A f r i c a n  women a re  among t h e  most se r i ous  
problems f a c i n g  governments and development p lanners  t he re .  Whi 1  e  s t a t i s t i c s  on 
m o r b i d i t y  and m o r t a l i t y  i n  A f r i c a  a re  r a r e ,  t h e r e  i s  ample evidence t h a t  women 
i n  sub-Saharan A f r i c a  s u f f e r  ex t reme ly  h i gh  r a t e s  o f  m o r b i d i t y  and m o r t a l i t y .  
Major  causal  f a c t o r s  i n c l u d e  i n s u f f i c i e n t  and seasona l l y  f l  u c t u a t i n g  n u t r i e n t  
a v a i l a b i l i t y ,  h i g h  l e v e l s  o f  energy expendi ture,  and h i gh  f e r t i l i t y ,  as w e l l  as 
endemic d iseases and poor  p r o v i s i o n  o f  h e a l t h  ca re  se r v i ces  (see Kennedy and 
Ben t l ey  [ fo r thcoming ]  and t h e  re fe rences  t h e r e i n ) .  

The r e s u l t s  o f  t h i s  s tudy suggest: 

The demanding phys i ca l  l a b o r  performed by Ghanaian women, e s p e c i a l l y  i n  
a g r i c u l t u r e ,  b u t  p o s s i b l y  a1 so i n  food  p r e p a r a t i o n  (such as process ing 
g r a i n  and pounding r o o t s  t o  make s tap les  such as fufu) and o t h e r  household 
tasks ,  has a  s i g n i f i c a n t  nega t i ve  e f f e c t  on t h e i r  n u t r i t i o n a l  s t a tus .  
Moreover, such n u t r i t i o n a l  impacts may a f f e c t  t h e  prospects  f o r  t h e i r  
c h i l d r e n  as w e l l .  Th i s  i m p l i e s  t h a t  t he  i n t r o d u c t i o n  o f  l abor -sav ing  
dev ices  may have a  d i r e c t  impact on n u t r i t i o n  s i m i l a r  t o  t h e  increase o f  
food  consumption. It a l s o  suggests t h a t  t h e  energy consequences o f  p u b l i c  
work p r o j e c t s  i n v o l v i n g  women i n  phys i ca l  1  abor be considered, e s p e c i a l l y  
when t h e  programs a re  designed i n  response t o  ch ron i c  o r  acute food 
shor tages.  

The ex t reme ly  h i g h  f e r t i l i t y  r a t e  o f  Ghanaian women, i n  concer t  w i t h  
d isease and inadequate h e a l t h  care and n u t r i e n t  a v a i l  a b i l  i t y ,  a1 so takes a  
measurable t o l l .  Thus, increased educat ion f o r  women and f a m i l y  p lann ing  
programs may be cons idered f a c e t s  o f  n u t r i t i o n a l  p l ann ing  as w e l l  as 
programs j u s t i f i e d  i n  t h e i r  own r i g h t .  I t a l s o  underscores t h e  importance 
o f  supplementat ion programs f o r  pregnant and l a c t a t i n g  women f o r  r u r a l  
women and women r e s i d i n g  i n  t he  Savannah reg ions  o f  t he  coun t ry .  



APPENDIX TABLES 

Table A . l  - OLS N u t r i t i o n  Regressions - Igno r i ng  Endogeneity (Women Aged 18 Years and Older)  

Va r i ab le  (1) (2) 

I n t e r c e p t  

Age (years) 

Age squared 

Height (cent imeters)  

Education 

Primary 

Secondary 

Postsecondary 

Household s i z e  

Femal e-headed 

Forest  zone 

Savannah zone 

2nd qua r te r  

3 r d  qua r te r  

4 t h  qua r te r  

Urban 

Semi urban 

Log per  c a p i t a  c a l o r i e s  a v a i l a b l e  

Log per c a p i t a  expendi tures 

Number o f  days ill i n  past  f o u r  weeks 

Log h e a l t h  care  expendi tures,  past f ou r  weeks 

P a r i t y  

A g r i c u l t u r a l  hours, l a s t  seven days 

Nonagricul t u r a l  hours, l a s t  seven days 

Home labo r  hours, l a s t  seven days 

R2 

Notes: Standard e r r o r s  a re  i n  parentheses. Dependent va r i ab le :  BMI. Sample mean o f  dependent va r i ab le  i s  
21.67. Models (1)  and (2)  are  equ iva lent  t o  model (4 )  i n  Tables 8  and 9, r espec t i ve l y .  Pregnant and l a c t a t i n g  
women were excluded from sample. 

t imes 10.' 



Table A.2 - Probi t Regressions o f Unde rnu t r i t i on  Risk (Women Aged 18 Years and Older 

Undernutr i  t i ond 
Var iab le  ( 1  (2  (3)  ( 4 )  

I n te rcep t  
Age (years) 
Age squared 
Height (cent imeters)  
Education 

Pr imary 
Secondary 
Postsecondary 

Household s i z e  
Femal e-headed 
Forest  zone 
Savannah zone 
2nd qua r te r  
3 r d  qua r te r  
4 t h  qua r te r  
Urban 
Semi urban 
Log per  c a p i t a  c a l o r i e s  

avai  1 ab le  
Log per  c a p i t a  expendi tures* 
Number o f  days ill i n  past 

f ou r  weeks 
Heal th  care  expendi tures,  

past f o u r  weeks* 
Pa r i t y '  
A g r i c u l t u r a l  hours, l a s t  

seven days* 
Nonagri cu l  t u r a l  hours, 

l a s t  seven days 
Home labo r  hours,  l a s t  

seven days* 

Log 1 i k e l  i hood r a t i o  

Endogenous RHS va r i ab les .  

Maximum l i k e l i h o o d  p r o b i t  est imates.  

Asymptotic standard e r r o r s  are  located i n  parentheses below est imates.  These a re  not cor rec ted t o  
account f o r  f i r s t - s t a g e  p r e d i c t i o n  e r ro rs .  

' Pregnant and l a c t a t i n g  women were excluded from sample. 

a Dependent v a r i a b l e  equals one i f  EM1 < 18.5 and zero otherwise. 523 cases equal u n i t y .  

t imes lo-'. 



Table A.3 - Probit Regressions of Overweight Risk (Women Aged 18 Years and Older) 

Overwei ghtd 
Variable (1) (2) (3) (4) 

Intercept 
Age (years) 
Age squared 
Height (centimeters) 
Education 

Primary 
Secondary 
Postsecondary 

Household size 
Femal e-headed 
Forest zone 
Savannah zone 
2nd quarter 
3rd quarter 
4th quarter 
Urban 
Semi urban 
Log per capita calories 

available 
Log per capita expenditures* 
Number of days ill in past 

four weeks 
Health care expenditures, 

past four weeks* 
Parity' 
Agricultural hours, last 

seven days* 
Nonagricultural hours, 

last seven days 
Home labor hours, last 

seven days* 

Log likelihood ratio 

Endogenous RHS variables. 

a Maximum likelihood probit estimates. 

Asymptotic standard errors are located in parentheses below estimates. These are not corrected to 
account for first-stage prediction errors. 

Pregnant and lactating women were excluded from sample 

' Dependent variable equals one if BM1 > 23.0 and zero otherwise. 816 cases equal unity. 

' times lo-'. 
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