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This article examines individual, household, and community characteristics that may
affect fertility in contemporary Cote d'lvoire and Ghana and the relationship be-
tween child mortality and fertility. It was not possible to reject the null hypothesis
that child mortality is exogenous. Treating child mortality as exogenous, fertility
responds directly to child mortality, but by a smaller proportion than estimated in
studies of East Asia and Latin America. Increases in female education and urbaniza-
tion are likely to contribute to declines in fertility in both countries, but economic
growth without these structural changes is not yet strongly related to lower fertility.

This article examines individual, household, and community characteristics that

affect fertility in two neighboring West African countries: Cote d'lvoire and

Ghana. It analyzes the relationship between child mortality and fertility and

examines the idea that high levels of child mortality encourage parents to have

large numbers of births (Notestein 1945; Smith 1961; Freedman 1975; Schultz

1969, 1976). The reduction in child mortality is an obvious objective of parents

and society. Public programs that promote child health might, nonetheless, re-

ceive still more support if reduced levels of child mortality were shown to con-

tribute to reducing fertility and thereby to slowing population growth.

There are conceptual and statistical problems with measuring the causal rela-

tionship between child mortality and fertility. Both variables may affect each

other, both may be modified by other factors, and both may be measured with

error, generating a difficult-to-interpret association between fertility and child

mortality. For social scientists to measure without bias the effect of child mor-

tality on fertility, they must observe features of the woman's environment that

affect only the mortality of her own child. One such environmental factor might

be a local public health program that increases child survival, but does not oth-

erwise directly affect fertility.
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Most previous studies of fertility in Africa have relied on surveys such as the

World Fertility Survey or the subsequent Demographic Health Surveys, neither

of which collected much information on the household's economic characteris-

tics, community environmental setting, or local health programs (Barbieri 1989).

This article analyzes data from the Living Standards Measurement Surveys (LSMS)

in Cote d'lvoire and Ghana, which were collected in the late 1980s, and include

information on household consumption and economic behavior, as well as on

prices and conditions in each sample cluster (or community). These data have

greater potential for clarifying the economic and educational determinants of

fertility in combination with child mortality than do those from previous Afri-

can surveys (Ainsworth 1989).

Section I discusses the determinants of child mortality and fertility and ex-

plores the statistical problems that arise in estimating interrelationships between

the two. Section II presents the methodological issues, including data sources,

sample selection, variable definitions, and descriptive statistics. Section III re-

ports estimates of the determinants of child mortality and fertility. Section IV

presents conclusions. An expanded version of this article appears in Benefo and

Schultz (1994), and a contemporary overview of demographic conditions in Sub-

Saharan Africa is provided by van de Walle and Foster (1990).

I. DETERMINANTS OF FERTILITY AND CHILD MORTALITY

This section develops the conceptual framework for the choice and treatment

of determinants of fertility and child mortality. Exogenous determinants of fertil-

ity are characteristics of the woman, her household, and community over which

she exerts no control, but which are likely to affect her fertility. By contrast,

endogenous variables that may determine a woman's fertility reflect in part deci-

sions and choices that either she or the members of her household have made

and that are constrained by her economic endowments and luck. This distinc-

tion between exogenous and endogenous variables is important, because the use

of endogenous choice variables to explain fertility and child mortality can lead

to biased and misleading results if this endogeneity is not recognized and prop-

erly treated econometrically.

This conceptual framework could lead to two alternative but potentially com-

plementary approaches in an empirical analysis of fertility. The first approach

estimates reduced-form relationships, including among the explanatory vari-

ables all exogenous variables that potentially affect fertility, directly or indi-

rectly. This approach thereby excludes family outcome variables that are

endogenous because they may be affected by the woman's behavior or choices.

In other words, because the errors embodied in such endogenous variables are

likely to be correlated with those in the fertility equation, they must be excluded

from reduced-form relationships to avoid bias by single-stage estimation meth-

ods, such as ordinary least squares (OLS). The correlation of errors could be

caused by preferences, unobserved heterogeneity of couples, or other omitted
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factors and measurement errors. Parallel reduced-form analyses of child mor-

tality determinants can be undertaken.

The second estimation strategy is pursued here and introduces further struc-

tural assumptions about how some endogenous family outcome variables, such

as the child death rate, are themselves determined by additional variables that

do not directly impact fertility. These structural assumptions are used to iden-

tify statistically and to estimate consistently the effect of an endogenous ex-

planatory variable on fertility, conditional on the hypothesized structure.

Fertility, Income, and Child Mortality

Economic theories of fertility assume that parents have the number of chil-

dren they want, given the costs and benefits associated with having a specific

number of births, including the costs of avoiding unwanted births. The lifetime

demand for births (F) is a function of many socioeconomic factors, and we stress

a few of the lifetime economic constraints as they affect a representative woman:

the woman's productive opportunities, W ; her household's nonhuman capital

assets, V ; the mortality rate her children experience, D ; local market prices,

P ; and local public services and environment, S (Willis 1974; Ben Porath 1978;

Schultz 1981);

(1) F = F[W(E,T),V,D;P,S)

where E denotes the woman's education and T her height.

The productivity of a woman's time is expected to decrease her demand for

births, because the increase in the opportunity cost of her time in childcare out-

weighs, on balance, the increase in her income opportunities (Schultz 1981).

The woman's schooling may have many effects on her opportunities and behav-

ior, one of which is to increase her wage. Education may also affect women's

demand for children in other unspecified ways and shift their biological supply

of births, positively through improvements in their health and nutrition, and

perhaps also through reducing their risk of contracting sexually transmitted

diseases, which are implicated in premature sterility and a shortfall in reproduc-

tive supply. The educational control variables are thus proxies for the produc-

tive value of a woman's time, her ability to practice effective birth control, and

all other mechanisms by which education influences reproductive capacity, goals,

and behavior (Kritz and Gurak 1989). In both Cote d'lvoire and Ghana, the

education of women is strongly associated with their wages. The proportionate

gain in wages is larger at the secondary school level than at the primary level per

year completed, and wage returns to schooling are generally larger in Cote d'lvoire

than in Ghana (Schultz and Tansel 1992). Consequently, education is specified

as a spline in years completed at three levels of schooling.

Taller individuals are widely observed to be more productive and to have

fewer health problems. The nutritional status that is achieved through improved

diet and reduced exposure to disease during early childhood increases the height

that an adult can reach (Fogel 1991; Schultz 1995). Migration from a rural
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region to an urban area is another important investment that increases the produc-

tivity of women (by 21 to 64 percent in Ghana and Cote d'lvoire, respectively)

(Schultz 1995: table 2). However, adult migration is more likely to be determined

simultaneously with fertility. Consequently, migration is endogenous in a life-

time fertility model, and it is omitted from this analysis. Results in which migra-

tion is treated as exogenous are reported elsewhere (Benefo and Schultz 1994).

Market income per adult in the household is endogenous to lifetime cumula-

tive fertility because it embodies the effect of labor supply and family composi-

tion decisions, and it is also intertemporally redistributed by savings and invest-

ments, such as the choice as an adult to migrate from a rural to an urban area.

Most clearly, the woman's market labor supply and her fertility over the life

cycle are jointly determined, to the extent that children and market labor place

competing demands on her budget of time. What initial economic conditions

are expected to affect a woman's lifetime demand for children? The framework

calls for information on her inherited nonhuman capital assets or exogenous

cumulative transfers, just as we have included indicators of her initial human

capital stocks as an adult, in the form of education, and early nutrition, pcoxied

by height.

Without information in our data on inherited nonhuman capital assets or

exogenous transfers, we can either omit altogether income from the model or

use current assets of the household per adult as an instrument to predict household

income (proxied commonly by more accurate measures of consumption per

adult). This latter estimation approach could be misleading if current assets are

themselves endogenous to the life-cycle accumulation process, in which case

assets would be an invalid instrument. Elsewhere we have reported these instru-

mental variable (IV) estimates that treat household income or consumption as

endogenous (Benefo and Schultz 1994). In this article, at the urging of a referee,

we have eliminated income or consumption entirely from the model, and im-

plicitly income is solved out of the partially reduced-form equation estimated.

The household assets per adult and the prevalence of tree crops in the com-

munity are retained from the previous study as exogenous conditioning vari-

ables. The notable finding of that previous study was that income was positively

associated with fertility in Cote d'lvoire and negatively in Ghana, and positively

in rural areas of both countries and negatively in urban areas.

The relative prices of market goods and public services in the community

may have diverse effects on the costs and benefits of fertility, and are in-

cluded as control variables. If parents want to have fewer children than they

would otherwise have, the price of contraception should affect fertility. Un-

fortunately, insufficient information on the local availability and cost of birth

control methods is available to include them in this study (Benefo and Schultz

1994). Family planning services are not provided by the public health system

in Cote d'lvoire, and the LSMS data for that country do not include individual-

or community-level information on birth control practices or availability of

family planning methods. A health facility questionnaire collected informa-
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tion in Ghana about the provision of family planning services and availabil-

ity of supplies, but these facility data could be matched with only 60 percent

of the LSMS households. About 2 percent of women report using modern

methods of contraception in Cote d'lvoire and 5.6 percent in Ghana (Oliver

1995). The variation in fertility analyzed in this study appears to be largely

associated with differentials in the timing and incidence of marriage and

traditional birth-spacing practices.

The first model specification assumes that all of the explanatory variables in

the fertility equation are exogenous, OLS estimates of model I are a reasonable

first step in the empirical analysis of the survey data on these variables.
1

The decision of a woman to marry—and consequently the characteristics of

her husband—or to head her own household can be viewed as decisions made

jointly with fertility over the life cycle. If these household composition variables

are themselves adapting to changes in the constraints on individual choice dur-

ing the development process, it is not clear how they would be structurally iden-

tified in a fertility model (Schultz 1994). A common practice of stratifying the

population and explaining the reproductive behavior of only married women

merely transforms the problem into one of correcting for sample selection bias,

which also depends on some form of identification. One solution to this conun-

drum is to omit the household composition and husband characteristics from

the model entirely and implicitly solve them out of partially reduced-form equa-

tions as with income. This approach would seek to understand the woman's

behavior on the basis of her own initial endowments and locally evolving oppor-

tunities. This specification is estimated as model II.

The specification for model HI makes the less satisfactory assumption that

household composition and husband characteristics are exogenous to fertility

and are likely to affect child mortality and fertility.

Most economic studies of fertility are based on a static formulation of a life-

time demand for births, which abstracts from considerations of dynamic opti-

mization. Without a panel survey of long duration that measures time-varying

constraints on fertility, our model can only attempt to account for lifetime fertility,

conditional on nonlinear age effects.

Child Mortality

Child mortality can affect a woman's demand for births in two ways. First, it

can induce her to replace ex post her children who die. This response could occur

by means of a biological feedback or through adaptations of behavior. This

mechanism would be more effective if childbearing is initiated at an early age

and premature sterility is infrequent, allowing most couples to have the biologi-

cal capacity to bear more births than they want. Even if parents do not use mod-

ern birth control practices, shorter periods of postpartum abstinence and shorter

1. Tobit and ordered probit models can also be estimated to deal with the censored and discrete form

of the fertility variable. Reestimation of our final models did not noticeably change the conclusions reviewed

here.
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durations of breastfeeding could allow the fertility of individuals to compensate

substantially for their experience of child mortality.

Second, in a society where child mortality has been stable or slowly declining

for some decades, parents can adapt their fertility behavior in anticipation of

the levels of child mortality they will experience on average. One form of antici-

patory behavior would be the case in which parents help their children marry

earlier in higher child mortality regions, as observed in Taiwan (China), for

example (Schultz 1980). Early marriage might be preferred to shortened birth

intervals in environments where early weaning of infants would expose them to

further health risks.

An objective of this article is to assess the sum of the replacement and antici-

patory responses of fertility to child mortality. As indicated in the introduction,

estimating this effect from the observed association may be misleading. First,

the causal effects can flow in both directions, overstating the one-way effect we

want to estimate. High levels of fertility may increase child mortality by stretch-

ing family resources and the biological capacity of the woman to bear healthy

children. Second, unobserved features of the woman, her household, and her

community may contribute to her experiencing higher child mortality and fertil-

ity, introducing a spurious correlation between the two outcomes. Third, errors

in measuring the appropriate (realized and anticipated) child mortality would

probably bias downward the estimated effect of child mortality on fertility.

Fourth, the possible values of the child mortality rate depend on the number of

children born, a factor that introduces additional forms of interdependence (Olsen

1980).

Child mortality may be affected by all the exogenous variables in the fertility

equation (equation 1) and by certain additional exogenous factors that change

the relative cost or availability of child health inputs for the parents. We assume

that a set of community variables (C), associated with water and sanitation

infrastructure, distance to the nearest health clinic, and community disease prob-

lems (Patterson 1981; Morrow, Smith, and Nimo 1982) affect the proportion of

children dying before their fifth birthday, D, but do not otherwise impact a

woman's fertility:

(2) D = D[W(E, T), V; P, S, C].

Household assets are expected to reduce child mortality. Most recent studies of

child mortality find a woman's education to be related negatively to her ex-

perience of child mortality, although this effect of female education could be

due partly to the child health inputs she is able to purchase or produce with her

education-enhanced wages and improved marriage prospects (Pitt 1995). The

mother's height is a proxy for her own health investments as well as her genetic

health endowments, which are likely to improve the chances for her children to

survive.

With child mortality, errors in measurement may be substantial. By treating

child mortality in the fertility equation as endogenous and estimating it by in-



Benefo and Schultz 12 9

strumental variables (IV), we should eliminate both simultaneous equations bias

and classical random measurement error bias. Hausman (1978) specification

tests can also be implemented to test whether child mortality is empirically en-

dogenous, as we hypothesize in models II and HI. The IV estimates of fertility

(equation 1) and the Hausman specification tests will be treated with greater

confidence if the identifying instruments in the child mortality equation (equa-

tion 2) are jointly significant in explaining child mortality, after controlling for

the other exogenous variables.

Additional Issues of Empirical Specification

The unusually higb level of child mortality between the ages of one and five in

West Africa is an argument for basing our analysis on a five-year cohort mea-

sure of child mortality rather than a conventional infant mortality rate. Because

weaning is often delayed until after the first year, it seemed important to under-

stand how household resources and environment affect child survival prospects

beyond the critical weaning-feeding transition, when children must develop their

own immunities to local pathogens and local water and sanitation facilities may

affect child mortality. In order to measure this dimension of child mortality, our

working sample must be limited to women who have had a child five years

before the survey.

The choice of five-year child survival rates (q in lifetable terms) is perhaps

more suitable than infant mortality if the goal is to estimate replacement re-

sponses to child mortality. The analysis was repeated using only infant (first

year) mortality as our measure of child deaths for the same sample examined

here, and again for the larger sample that included fertility and infant mortality

for all births up to one year before the survey. No substantial changes in the

conclusions were noted, although food prices tended to be more significant in

explaining child mortality through age five than they were in explaining infant

mortality.

The opportunity cost of a woman's time is expected to be an important det-

erminant of the price of having children. Although women in West Africa are the

main providers of childcare and are often responsible for producing or purchas-

ing the food and medical care children receive, women infrequently work as

wage laborers. In the late 1980s, in Cote d'lvoire only 4 percent of women worked

for wages, and in Ghana the proportion was 7 percent (Schultz and Tansel 1992).

Consequently, any prediction we might devise for the market wage that a par-

ticular woman could expect to receive might not be a reliable indicator of the

opportunity cost of her time if she worked outside of the wage labor force. In

both countries, however, the education of women is strongly associated with

their market wage rates and self-employment earnings. Thus, it seems reason-

able to use years of educational attainment to proxy the value of women's time

in both wage and nonwage work (van der Gaag and Vijverberg 1987).

Because the community price series are highly intercorrelated, any one price

should not be treated as varying independently of the other prices for the pur-
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poses of policy simulations. Rather the entire set of prices summarizes the fac-

tors responsible for the relative scarcity of basic foods and household staples,

such as local climate and geography, transportation infrastructure, and market

integration. Finally, characteristics of the local economy and health and sanita-

tion system are included to assess the impact of these policies.

II. METHODOLOGICAL ISSUES IN THE EMPIRICAL SPECIFICATION

The data for this study are primarily from the LSMS conducted by national statis-

tical agencies in collaboration with the World Bank. We use the first three rounds of

the Cote d'lvoire Living Standards Survey (C1LSS) conducted in 1985, 1986, and

1987, and two rounds of the Ghana Living Standards Survey (GLSS) in 1987-88 and

1988-89 (Ainsworth and Munoz 1986;Glewwe 1987). The OLSS interviewed 1,600

households per year for a total of 4,800, and the GLSS interviewed 3,200 households

per year for a total of 6,400. The surveys used two-stage, self-weighted stratified (by

three agroecological zones and size of localities) sample designs.

The surveys collected reproductive histories of one randomly selected woman

of childbearing age in each household. The working sample is restricted to women

who had at least one birth five or more years before the date of the survey. A

small number of women (or their husbands) who did not report information are

also excluded. Our working samples include 1,943 women in Cote d'lvoire and

2,237 in Ghana. Each sampling cluster (or enumeration area) contains 16 house-

holds. Each year 100 clusters were sampled in Cote d'lvoire and 200 in Ghana.

The samples are a rotating panel, with half of the clusters randomly replaced

each year. A subset of the sample households is reinterviewed in adjacent years,

but these households have not been matched for this study. The household and

individual identification codes from the first year were not preserved in the second-

year data in Ghana; thus matching would be difficult. About 600 households

were reinterviewed in Cote d'lvoire in each following year and can be matched.

This information is not used to adjust the standard errors in this study because,

although the households can be matched, the woman interviewed in each house-

hold was not necessarily the same (Schultz 1995). The coefficient estimates ob-

tained here are probably not biased by our failure to incorporate this sampling

design in our estimates, but the true standard errors may be somewhat larger

than those reported.

Definitions of Variables

The woman is the unit of analysis. The human capital endowment of the

woman is summarized by her age, education (years by three levels), and height.

If she is married, similar information is available for her spouse. Household-

level information includes the sum of the value of business assets, land, and

nonearned income.2 Appendix table A-l reports the means and standard devia-

tions of all of the variables for the working samples of women.

2. Nonearned income is capitalized with other assets at a 10 percent rate of return.
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Major differences in the timing and extent of social development of the

two countries are reflected in their educational systems. In Cote d'lvoire, the

colonial and postcolonial governments kept close control over schools. This

resulted in a schooling system modeled quite closely after that in metropoli-

tan France, with access restricted by competitive exams to only a small frac-

tion of the population. The colonial government in Ghana adopted a largely

laissez-faire attitude to education, allowing private school systems to respond

to local demands not satisfied by public schools. Private and missionary orga-

nizations developed a quite differentiated and geographically dispersed sys-

tem of schools.

Currently, levels of schooling are higher and gender inequalities in education

are smaller in Ghana than in Cote d'lvoire. Thirty-four percent of primary school

enrollment in Cote d'lvoire in 1965 was female, compared with 41 percent in

Ghana (World Bank 1986). The differences in enrollments by gender widen at

the secondary level. Figure 1 presents the distribution of schooling for women

fifteen years and older for both countries from our surveys. In Cote d'lvoire, 72

percent of women have no schooling—54 percent of those in urban areas and 88

percent of rural women. In Ghana, 42 percent of women have no schooling—33

percent of the women in urban areas and 57 percent of rural women. In Ghana,

25 percent of all women—33 percent of those in urban areas and about 15

percent of those in rural areas—have ten or more years of schooling. In contrast,

in Cote d'lvoire less than 5 percent of all women have ten or more years of

schooling.

Community-level (or sample cluster) information is available for rural areas,

but often in the case of urban areas the conditions may be inferred from other

data sources. Information about prices of six food staples in the local market,

the distance to weekly markets, and the proportion of the cultivated land planted

in tree crops is averaged for each cluster from the sample respondents. Annual

average rainfall for the sample clusters is obtained from the closest weather

station.
3 Rainfall is associated both with more favorable agricultural produc-

tion opportunities and also with the presence of certain parasitic and infectious

diseases, such as malaria, that are responsible for a substantial share of the

deaths of children under age five in West Africa (Feachem and Jamison 1991).

Other specific community-level variables that are assumed to directly affect child

health include the distance to a health clinic; the percentage of households with

running or protected water supplies and sanitation facilities (toilets or latrines);

and malaria, diarrhea, or measles being one of the two most serious health prob-

lems in the community, according to the community respondent. Additional

information is also obtained from the GLSS on whether there had been a child

immunization campaign in the locality in the five years before the survey. The

government budget for Ghana in 1988 was used to estimate public expenditures

per capita on health programs (exclusive of doctor training) in each of the ten

3. Provided by a research assistant of Angus Deaton for C6te d'lvoire and derived from weather maps

for Ghana.
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Figure 1. Distribution of Women 15 Years and Older by Scbooling, C6te d'lvoire,
1985-87, and Ghana, 1987-89

Percentage
of total

30

core a lvmre

All women

2 4 6 8 10 12 14 16+
Years of schooling

Percentage
of total

30

Urban

2 4 6 8 10 12 14 16+
Years of schooling

Ghana
Percentage
of total

25

20

15

10

5

| » C 4 2 %

11

All women

• 1

-1-
I

0 2 4

Percentage
of total

25

20

15

10

5

0

MK 33%

6 8 10 12 14 16+
Years of schooling

Urban

1

^^^^^^^i^Hiy pen i^\

4 6 8 10 12 14 16+
Years of schooling

Percentage
of total

30

Rural

2 4 6 8 10 12 14 16+
Years of schooling

Percentage
of total

30

Rural

4 6 8 10 12 14 16+

Years of schooling

Source: Authors' tabulations of survey data.



Benefo and Schultz 133

regions of Ghana. These public health expenditure levels are attributed to all

clusters in each region in 1987-88 or 1988-89.

The woman's regional residence and ethnicity or language and, in the case of

Ghana, religion are considered in the analysis as potential determinants of fertil-

ity, child mortality, and income. Controlling for these regional characteristics,

as well as for climate, agricultural cropping patterns, and endemic disease prob-

lems is expected to diminish the estimated effects of individual education and

health and community program variables on mortality and fertility.

Assets are first deflated to adjust for regional differences in price levels in

both countries, and in particular for the higher cost of living in Abidjan and a

slightly higher price level in Accra. Then, because the surveys were collected

over two to three years, the expenditures reported by the respondent are further

adjusted for the national price level during the month of the survey. This real

value of the asset is based on the prices prevailing in the first month of the

Ghana survey, that is, September 1987, and on the average prices for all of 1985

in Cote d'lvoire. A monthly price index was not available for Cote d'lvoire, but

since the rate of inflation was less than 10 percent per year from 1984 to 1988,

it was simply assumed that the annual rate of inflation was uniformly distributed

over the twelve months from July of one year to June of the next. Prices are

expressed relative to those in the base year.

Community Variable Correlations

The community data have three problems. First, there are at most only 200

observations on the several dozen community variables. Second, these community

variables are highly intercorrelated. For example, the correlation between the

distance to doctors and distance to clinics in the working sample of Ghana and

Cote d'lvoire is 0.70, and only the latter is included in the model to obtain more

stable and precise estimates. The researcher must distill the community vari-

ables down into only a few reasonably distinct features of the communities.

Consequently, what appears to be a rich array of community characteristics is

realistically a much more sparse set of community information. This problem of

intercorrelation among community variables limits the capacity of the researcher

to assess the effects of individual program interventions.

Third, interregional variation in programs and policies may not be indepen-

dent of household resources or individual preferences. Health programs may be

offered in a region that has a particular health problem. Malaria eradication or

child immunization campaigns tend to be fielded in poorer, more remote regions

of Ghana, where women are relatively less educated. It should not be surprising,

therefore, that some of these types of compensatory public health measures are

associated with higher regional levels of child mortality (Rosenzweig and Schultz

1982; Rosenzweig and Wolpin 1986; Schultz and Tansel 1992).

In addition to this difficulty of program evaluation when programs are tar-

geted to communities with special health problems, migrants within a popula-

tion may move on their own accord toward healthier environments and toward
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regions served by better public health programs. If such migrants also are in-

clined to invest more in their own health and that of their children, for reasons

that researchers cannot observe, this form of selective migration may also bias

conventional regional-based policy evaluation studies using cross-sectional data.

To deal with both of these evaluation problems, development agencies might

phase their health and welfare pilot programs and policy interventions indepen-

dently of other confounding background factors. Then the correlations between

the implementation of a new program and household behavior and outcomes

can be interpreted more confidently as evidence on the payoff to public policies

and expenditures.

Descriptive Statistics

Our working sample is not representative of the entire population, because

women who had not yet had a birth five years before the survey are excluded.

Mean fertility in the sample exceeds that in the population, particularly among

younger women. Appendix tables A-l and A-2 in Benefo and Schultz (1994)

report the number of children born for all women by age and education for the

entire sample to facilitate comparisons with other survey estimates. Figure 2

shows the average number of births per woman for both the working and the

entire samples by maternal age and education. The figure shows how the

differences between the samples decline as the age of the woman increases. The

child mortality rate is a cohort five-year rate; there is little reason to think this

rate differs substantially between the restricted and unrestricted samples.

Table 1 reports the number of children born and the child mortality rate for

the entire working sample of women by schooling and region, and for women

age thirty-five to forty-nine. Our discussion covers only the older age group,

whose representativeness should not be affected by the restriction that the woman

had a birth five years before the survey. Child mortality is about equal in the

two countries—16 percent in Ghana and 17 percent in Cote d'lvoire—but fertil-

ity is slightly lower in Ghana, 6.13, compared with 6.53 for Cote d'lvoire. In

this age group, the effect of one to four years of schooling is associated with an

8 percent decline in fertility in Ghana, compared with women with no educa-

tion, and a one-sixth decline in child mortality. In Cote d'lvoire, one to four

years of schooling is associated with fertility being 13 percent lower and child

mortality being a third lower. Further education tends to be associated with

additional declines in both fertility and child mortality, although the limited

number of better-educated women, particularly in Cote d'lvoire and in the rural

areas, makes the estimates imprecise.

Education is a major correlate of lower fertility and child mortality in both

countries. One difference between the countries is the age differentials in child

mortality, summarized more fully elsewhere (Benefo and Schultz 1994). In Cote

d'lvoire, young women with no education appear to have experienced lower

child mortality than older women, in both urban and rural areas. In Ghana

young women's experience of child mortality is not appreciably different from
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Figure 2. Average Number of Births per Woman, by Maternal Education and Age
Cote d'lvoire, 1985-87, and Ghana, 1987-89
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Table 1. Fertility and Child Mortality, by Women's Schooling and Region,
Cote d'lvoire, 1985-87, and Ghana, 1987-89

Country and indicator

Ghana

Fertility rate"

All women

Total

Urban

Rural

Women age 35-^9

Total

Urban

Rural

Child mortality rate*

All women

Total

Urban

Rural

Women age 35-49

Total

Urban

Rural

Cote d'lvoire

Fertility rate"

All women
Total
Urban

Rural

Women age 35^»9

Total

Urban

Rural

Child mortality rate^

All women

Total

Urban

Rural

Women age 35-49

Total

Urban

Rural

None

5.43

5.49

5.37

6.67

6.59

6.75

0.19

0.16

0.22

0.18

0.16

0.21

5.82

5.33

6.05

6.64

6.31

6.79

0.18

0.13

0.20

0.18

0.13

0.20

Women's schooling (years)

1-4

4.79

4.71

4.93

6.11

5.77

6.81

0.15
0.17

0.13

0.15

0.16

0.12

4.43

4.19

4.72

5.79

6.20

5.56

0.08

0.04

0.14

0.12

0.16

0.09

5-10

3.97

3.86

4.25

5.38

5.09

6.41

0.12

0.12

0.12

0.12

0.12

0.13

4.13

4.03

4.55

5.52

5.22

9.33

0.09

0.08

0.12

0.05

0.05

0.00

11 or more

3.27

3.19

4.00

3.70

3.58

4.60

0.12

0.12

0.09

0.07

0.07

0.05

2.67

2.68

2.50

3.57

3.57

—

0.00

0.00

0.00

0.00

0.00

—

All women

4.73

4.54

5.01

6.13

5.80

6.67

0.16

0.14

0.18

0.16

0.14

0.19

5.49

4.83
5.94

6.53

6.05

6.79

0.16

0.11

0.20

0.17

0.11

0.19

— Not available.
Note: Working samples are 1,943 women for Cote d'lvoire and 2,237 for Ghana.
a. Number of children born alive.
b. Number of deaths of children under age five per live birth.
Source: Benefo and Schultz (1994, tables 3 and 4).
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older women's. The marked divergence in age patterns suggests that health condi-

tions may have worsened in Ghana or at least not improved in the 1970s and

early 1980s. Similar levels of child mortality are currently reported for the rural

populations of both countries, although by the 1980s the urban population of

Cote d'lvoire appeared to have achieved a lower level of child mortality than

that of Ghana.

III. ESTIMATES OF ALTERNATIVE SPECIFICATIONS

Models of fertility determinants are estimated on the basis of three specifica-

tions. For model I, child mortality is assumed to be exogenous and the fertility

equation can then be estimated by OLS. For model II, child mortality is

endogenous, and is identified by instruments measuring community health ser-

vices and environment. Because household composition, husband characteris-

tics, and household income are likely to be endogenous and cannot be readily

identified, these intervening variables are implicitly solved out of the model and

thus omitted from the estimated model (Schultz 1994). For model III, household

composition and husband characteristics are assumed to be exogenous and po-

tentially affect child mortality and fertility. Child mortality is otherwise det-

ermined and estimated as in model II.

On conceptual grounds, model II is preferred, but empirically the identifica-

tion of child mortality may not be satisfactory. Model I, which is an unstruc-

tured description of the data, may then provide more reliable estimates, although

potentially they are biased due to simultaneity and measurement error. Model

HI is reported to assess the robustness of the structural model II estimates by

conditioning both equations on household composition and husband character-

istics despite their potential endogeneity.

Child Mortality Determinants

Multivariate results are presented in table 2, where the mortality rate of chil-

dren through the first five years of life is estimated using OLS in regression 1,

based on model I (or II). That is, the effects of household income, husband

characteristics, and family headship are assumed endogenous and implicitly solved

out of these reduced-form estimates. In regression 2, based on model III, hus-

band characteristics and family headship are assumed exogenous and are

included.

Mother's education, as shown in table 1, is associated with lower child mor-

tality when the population is cross-tabulated by age and rural or urban resi-

dence, a pattern observed in many studies of African demographic surveys (for

example, Cochrane, O'Hara, and Leslie 1970; Frank and Dakuyo 1985; Aly and

Grabowski 1990; Okojie 1991; Maglad 1994). The results show that when con-

trols are included for the community health infrastructure, health problems,

food prices, household assets, ethnicity, and region, the mother's education is

more weakly—although still negatively—related to child mortality (table 2).
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The effects of education by level of schooling are not individually statistically
significant. Each year of secondary schooling completed by the mother in Cote
d'lvoire and each year of middle school completed by the mother in Ghana is
associated with a reduction in her child mortality rate of about 0.01.

The mother's height, an indicator of her health human capital, is statistically
significant and negatively associated with child mortality in Ghana. Household
assets per adult are associated with lower child mortality in Ghana, but not in
Cote d'lvoire. We interpret these patterns as suggesting that access to economic
resources in Ghana has a larger effect on child mortality than it does in Cote
d'lvoire (Benefo and Schultz 1994).

The west forest region of Cote d'lvoire has notably higher levels of child
mortality than Abidjan, the excluded region. All regions in Ghana except urban
forest and rural savannah have higher child mortality rates than Accra. Ethnic
differences in child mortality are statistically significant as a group in both coun-
tries, with the Krou in Cote d'lvoire reporting lower mortality compared with
the Akan (omitted), and the Ewe and Ga-Adangbe with lower mortality in Ghana.
Christian women also report lower mortality in Ghana.

As a set, the community variables do not explain a great deal of variation
in child mortality and consequently provide a weak basis for identifying the
exogenous effects of child mortality in the subsequent fertility equation. None-
theless, these instruments are statistically significant as a group, a common
criterion for reliable IV estimates (Bound, Jaeger, and Baker 1995).4 Living
farther from a market is associated with higher child mortality in Ghana,
and distance to a clinic is not statistically significant. Conversely, in Cote
d'lvoire, women who reside closer to a clinic experience lower child mortal-
ity, but the effect of distance to a market has an unexpected sign. Greater
rainfall reduces child mortality in both Ghana and Cote d'lvoire, but the
negative effect is not statistically significant in either country. Communities
reporting a serious health problem with malaria and measles in Cote d'lvoire
show higher child mortality, but a local problem with diarrhea is related to
the poorer survival prospect of children in Ghana. Water and sanitation do
not exhibit any noted relationship with child mortality at the community
level, although later analysis of these variables suggests benefits may differ
across groups of mothers. The food prices are jointly significant, but they
are difficult to evaluate on an individual basis for reasons noted earlier. Adding
control variables for household composition and husband characteristics in
regression 2 does not improve the estimates significantly or alter substan-
tially the other relationships discussed.

4. The joint F test on the exclusion of the set of community health and price variables from the child

mortality equation including the predicted income variable based on model II is F = 2.61 (15,1904) in

Cote d'lvoire, and F = 3.06 (17,2191) in Ghana. Both are statistically significant at p< 0.002. Including

household composition and husband characteristics increases slightly these F tests. There is always the

possibility that the community variables also affect fertility, and they would then be invalid instruments

for identifying child mortality in the fertility equation.
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Table 2. Regressions on the Child Mortality Rate for Cote d'lvoire, 1985-87,
and Ghana, 1987-89

Variable

Individual variables

Woman's schooling (years)

Primary (1-6)

Middle (1^»)

Secondary and higher education
(1-3 or more)

Woman's height (In meters)

Household assets (local currency)*

Woman's ageb

25-29

30-34

35-39

40-49

50 or more

Cote d'

Regres-
sion 1

-0.0035

(1.01)
-0.0006

(0.07)

-0.0109

(1.18)
-0.111

(0.78)

0.0182

(0.62)

0.0001

(0.01)

0.0108

(0.51)

0.0192

(0.86)

0.0280

(1.36)

0.0671

(3.24)

Household composition and husband characteristics'

No husband present (dummy)

Woman head of household (dummy)

Husband's schooling (years)

Primary (1-6)

Middle (1-4)

Secondary and higher education (1-3 or more)

Husband's height (In meters)

Husband's age (years)

Husband's age squared (xlO~2)

Woman's current residence (dummy variables)4-'

Other urban/urban coast

East forest/rural coast

0.024

(1.00)

0.043

(1.47)

lvoire

Regres-

sion 2

-0.0022
(0.62)

-0.0000

(0.00)

-0.0115

(1.21)
-0.101

(0.70)

0.0190

(0.64)

0.0008

(0.04)

0.0109

(0.49)

0.0183

(0.75)

0.0273

(1.17)
0.0656

(2.73)

0.0114

(0.10)

0.0013

(0.06)

0.000

(0.02)

-0.0095

(1.30)

0.0029

(0.41)

0.0937

(0.62)

-0.0014

(0.40)

0.0014

(0.45)

0.024

(1.01)
0.043

(1.42)

Ghana

Regres-
sion 1

-0.0015

(0.47)

-0.0092

(1.80)

-0.0053

(1.24)

-O.330

(2.43)

-0.0227

(1.46)

0.0038

(0.18)

0.0080

(0.38)

T-0.0103

(0.46)

-0.0166

(0.76)

-0.0258

(0.69)

0.064

(2.51)

0.058

(1.66)

Regres-
sion 2

-0.0014

(0.42)

-0.0089

(1.73)

0.0058

(1.34)

-0.352

(2.58)

-0.0239

(1.54)

0.0088

(0.40)

0.0143

(0.62)

-0.0021

(0.08)

-0.0119

(0.48)

-0.0243

(0.62)

0.154
(1.17)

-0.0233

(1.07)

-0.0013

(0.26)

-0.0021

(0.29)

-0.0025

(0.75)

0.418

(2.47)

0.0037

(0.95)

0.0043

(1.05)

0.061

(2.39)

0.052

(1.50)

(Table continues on the following page.)
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Table 2. (continued)

Variable

Cote d'lvoire

Regres- Regres-

sion 1 sion 2

Ghana

Regres-
sion 1

Regres-
sion 2

West forest/urban forest

Savannah/rural forest

n.a./urban savannah

n.a./rural savannah

0.092 0.091

(2.60) (2.53)

0.027 0.026

(0.79) (0.77)

Woman's ethnicity or language (dummy variables)6"1

Other/Ewe 0.018

(0.97)

Krou/Ga-Adangbe -0.049

(2.23)

Mande-North/Dagbani -0.013

(0.60)

Mande-South/Hausa 0.017

(0.84)

Voltaic/Nzema -0.024

(0.99)

Other language

Woman's religion (dummy variables)1

Muslim

Christian

Traditional and other

Community variables

Proportion of cluster sample households

with toilet or latrine

Proportion of cluster sample households

with protected water source, including

piped water and wells with pumps

One of the two most serious community

health problems (dummy variables)

Malaria

Diarrhea

Measles, chicken pox, or other

infectious illnesses

Distance to nearest health clinic (kilo-

meters for Cote d'lvoire, miles for Ghana)

Distance to nearest marketplace (kilo-

meters for Cote d'lvoire, miles for Ghana)

-0.019

(0.83)

0.0088

(0.52)

0.042

(2.20)

0.021

(1.26)

0.036

(2.11)

0.0011

(2.97)

-0.0024

(1.59)

0.0116

(0.61)

-0.050

(2.22)

-0.017

(0.78)

0.016

(0.79)

-0.028

(1.16)

-0.019

(0.78)

0.0102

(0.60)

0.042

(2.17)

0.021

(1.27)

0.036

(2.12)

0.0011

(2.91)

-0.0025

(1.66)

0.030

(0.90)

0.073

(2.00)

0.059

(1.62)

0.062

(1.58)

-0.070

(4.24)

-0.079

(3.45)

0.022

(0.63)

-0.032

(0.82)

-0.000

(0.01)

-0.022

(1.21)

-0.0033

(0.11)

-0.0596

(2.45)

0.0032

(0.12)

-0.0044

(0.23)

-0.0022

(0.13)

-0.0083

(0.46)

0.0336

(2.00)

-0.0097

(0.63)

0.0007

(0.64)

0.0025

(2.69)

0.026

(0.77)

0.070

(1.92)

0.070

(1.92)

0.052

(1.41)

-0.072

(4.33)

-0.084

(3.61)

0.015

(0.43)

-0.038

(0.97)

0.002

(0.03)

-0.027

(1.45)

-0.0048

(0.16)

-0.0567

(2.32)

0.0003

(0.01)

-0.0009

(0.05)

-0.0011

(0.06)

-0.0079

(0.44)

0.0333

(1.98)

-0.0079

(0.51)

-0.0006

(0.57)

0.0026

(2.70)



Benefo and Schultz 141

Table 2.

Variable

(continued)
Q6te d'lvoire

Regres-
sion 1

Regres-
sion 2

Ghana

Regres-
sion 1

Regres-
sion 2

Child immunization campaign in last

five years (dummy)

Public health expenditures per person in

the province (xlO3,1988 cedis)

Rainfall (centimeters per year)h

Share of tree crops'

Prices in the community'''1

Manioc/cassava

Bananas/maize

Fish/fish

Beef/eggs

Palm oil/antibiotics

Peanut butter/sugar

Round 2 (dummy)

Round 3 (dummy)

Intercept

R1

-O.0006

(1.27)

-0.0208

(0.84)

0.0224

(0.15)

-0.0599

(0.41)

-0.0756

(2.11)

-0.118

(1.85)

-0.0330

(1.82)

-0.0723

(1.82)

0.004

(0.21)

-0.017

(0.78)

0.396

(3.64)

0.087

-0.0005

(1.18)

-0.0232

(0.93)

0.0240

(0.16)

-0.0641

(0.43)

-0.0744

(2.07)

-0.120

(1.87)

-0.0321

(1.77)

-0.0706

(1.77)

0.0004

(0.02)

-0.021

(0.96)

0.379

(2.56)

0.088

-0.0084

(0.45)

-0361

(0.48)

-0.0011

(1.40)

-0.0623

(2.04)

0.0030

(2.29)

0.0023

(2.98)

-0.0000

(0.54)

-O.0074

(3.52)

0.0214

(1.88)

0.0012

(3.52)

-0.001

(0.11)

0.135

(0.94)

0.098

-0.0077

(0.40)

-0.303

(0.40)

-0.0010

(1.29)

-0.0635

(2.08)

0.0029

(2.20)

0.0023

(2.97)

-0.0000

(0.64)

-0.0075

(3.56)

0.0218

(1.92)

0.0011

(3.46)

-0.001

(0.08)

0.0119

(0.06)

0.102

n.a. Not applicable.
Note: The dependent variable is the child mortality rate. The coefficients were estimated using ordinary

least squares. The absolute values of the f-staristics are in parentheses. The sample size is 1,943 in Cote
d'lvoire and 2,237 in Ghana.

a. The value of the household's assets includes the value of owned land, business assets, and ten times
other property income per year per adult in thousands of CFA francs for Cote d'lvoire and thousands of
cedis for Ghana.

b. The excluded category is women age fifteen to twenty-four.
c. The sample average is based on a variable that is set to zero for women who have no reported

husband. For example, the average number of years of husband's primary education for women with
husbands in Cote d'lvoire is (1.31)/(1-0.240) = 1.72 years.

d. The term before the slash (/) applies to Cote d'lvoire, the term after applies to Ghana.
e. The excluded category is Abidjan or Accra.
f. The excluded category is Akan.
g. The excluded category is no response.
h. Rainfall in the area, or at the nearest weather station, in annual average centimeters per year in

Ghana and in centimeters for the previous year in C6te d'lvoire.
i. Proportion of cluster sample household land area that it farmed in tree crops such as cocoa, coffee,

bananas, or coconuts.
j . Local prices are averaged and adjusted for inflation to the initial survey date in CFA francs for Cote

d'lvoire and in cedis for Ghana.
Source: Authors' calculations.
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As noted in the cross-tabulations, older mothers experience higher child mor-

tality rates even when they have the same education and reside in similar com-

munities in Cote d'lvoire, suggesting a secular monotonic improvement in child

mortality in that country. The same pattern of age coefficients is not observed in

Ghana, and although the age coefficients are not statistically significant, child

mortality among mothers age twenty-five to thirty-four may be somewhat higher

than that among older mothers.

Fertility Determinants

Women's education is associated with lower fertility in table 3, as seen in

virtually all studies of fertility (Schultz 1981). As others have noted in some

regions of Africa, however, the effects become statistically significant only

after the completion of the first few years of primary schooling (Ainsworth,

Beegle, and Nyamete in this issue). This could be partially explained by the

low wage returns on primary education, particularly in Ghana, or the low

content and quality of early schooling. A major dissimilarity between the

two countries emerges in the effect of other economic endowment variables

on fertility. Household assets per adult are positively related to fertility in

Cote d'lvoire and negatively related in Ghana. The magnitude and statistical

significance of the asset effect on fertility depends on whether it is estimated

in regression 2 or in regression 3, where husband characteristics are con-

trolled. The mother's height is interpreted here as a measure of her health

status and productivity. It is positively related to her fertility in Cote d'lvoire

and has no relation in Ghana. As in a previous study (Benefo and Schultz

1994) that estimated household income and instrumented for it in the fertil-

ity equation, we interpret these results as suggesting that income from male

workers and nonhuman capital appear to be associated with greater fertility

in Cote d'lvoire but not in Ghana.

The effect of child mortality on fertility is statistically significant only if child

mortality is assumed exogenous, as in model I. When child mortality is treated

as endogenous and identified by community variables representing health ser-

vices, conditions, and food prices, the fertility response to the predicted mortal-

ity variable is not statistically significant in either country, and even changes

sign in Ghana.
5 This finding is in contrast with many other studies using a va-

riety of methodologies (Taylor, Newman, and Kelly 1976; Cantrelle, Ferry, and

Mondot 1978; Olsen 1980; Lee and Schultz 1982; Rosenzweig and Schultz 1982;

Cochrane and Zachariah 1983; Okojie 1991; Maglad 1994).

The distance to the market is again an important factor in Ghana, where it

predicts higher levels of fertility, as it did of child mortality. Religion is not sig-

nificantly related to fertility in Ghana, given the other variables in the regression.

Regions are important in both countries, although ethnic categories are more

significant as a group in Ghana than in Cote d'lvoire. Husband characteristics

5. Child mortality is accepted as exogenous according to the Hausman test in both Ghana and Cote

d'lvoire at the 10 percent confidence level.
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Table 3. Regressions on the Number of Children Born to Women, Cote
d'lvoire, 1985-87, and Ghana, 1987-89

Variable

Individual variables

Woman's schooling (years)

Primary (1-6)

Middle (\-4)

Secondary and higher

education (1-3 or more)

Woman's height (In meters)

Child mortality rate*

Household assets (local currency)

Woman's agec

25-29

30-34

35-39

40-49

50 or more

Cote d'lvoire

Regres-
sion 1

0.0133

(0.35)

-0.164

(1.84)

-0231

(2.30)

3.40

(2.20)

1.07

(4.30)
b 0.538

(1.68)

0.902

(4.03)

1.91

(8.30)

3.21

(13.2)

3.59

(16.0)

3.41

(15.1)

Regres-

sion 2

0.0131

(0.34)

-0.164

(1.83)

-0.232

(2.25)

3.39

(2.16)

1.01

(0.51)

0.539

(1.67)

0.903

(4.01)

1.92

(8.21)

3.21

(12.9)

3.59

(15.3)

3.41

(13.0)

Household composition and husband characteristic^

No husband present (dummy)

Woman head of household (dummy)

Husband's schooling (years)

Primary (1-6)

Middle (1-4)

Secondary and higher education (1-3 or more)

Husband's height (In meters)

Husband's age (years)

Husband's age squared (xlO~2)

Regres-

sion 3

0.0364

(0.91)

-0.125

(1.35)

-0.218

(2.09)

2.66

(1.72)

1.31

(0.68)

0.393

(1.24)

0.692

(3.11)

1.51

(6.36)

2.75

(10.5)

3.06

(11.9)

3.27

(11.3)

1.16

(0.95)

-0.066

(0.27)

0.082

(2.28)

-0.030

(0.39)

-0.036

(0.49)

-4.49

(2.80)

0.174

(4.84)

-0.158

(4.68)

Regres-
sion 1

-0.021

(0.85)

-0.169

(4.31)

-0.133

(4.06)

-0.064

(0.06)

0.480

(2.95)

-0.0473

(0.40)

0.878

(5.32)

1.97

(12.0)

2.85

(16.3)

4.33

(26.0)

4.32

(15.1)

Ghana

Regres-
sion 2

-0.024

(0.95)

-0.185

(4.51)

-0.122

(3.66)

-0.532

(0.48)

-1.10

(0.93)

-0.0797

(0.65)

0.886

(5.36)

1.99

(12.0)

2.83

(16.1)

4.31

(25.6)

4.28

(14.8)

Regres-
sion 3

-0.011

(0.45)

-0.169

(4.13)

-0.106

(3.16)

-0.552

(0.51)

-1.14

(0.98)

-0.106

(0.88)

0.749

(4.51)

1.71

(9.84)

2.47

(13.0)

3.99

(21.2)

4.08

(13.7)

2.15

(2.18)

0.050

(0.30)

0.017

(0.45)

-0.071

(1.31)

-0.001

(0.02)

-1.16

(0.91)

0.146

(4.88)

-0.138

(4.46)

(Table continues on the following page.)
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Table 3. (continued)

Variable
Regres-
sion 1

Cote d'lvoire

Regres-

sion 2

Woman's current residence (dummy variables)'1*

Other urban/urban coast

East forest/rural coast

West forest/urban forest

Savannah/rural forest

n.a ./urban savannah

n.aJrural savannah

0272

(1.17)

0.751

(3.05)

OJ01

(1.96)

0.381

(1.37)

0.273

(1.16)

0.754

(2.70)

0.506

(1.54)

0.385

(1.17)

Woman's ethnicity or language (dummy variables)''*

Other/Ewe

Krou/Ga-Adangbe

Mande-North/Dagbani

Mande-South/Hausa

Voltaic/Nzema

Other language

-0.215

(1.09)

-0.250

(1.09)

-0.196

(0.87)

-0.261

(1-26)
-0.605

(2.69)

Woman's religion (dummy variables)*1

Muslim

Christian

Traditional and other

Community variables

Distance to nearest marketplace

(kilometers for Cote d'lvoire,

miles for Ghana)

Rainfall (centimeters per year)1

Share of tree crops!

Round 2 (dummy)

-0.0027

(0.17)

-0.0054

(1.23)

0.216

(0.85)

0.141

(0.64)

-0.214

(1.06)

-0.252

(1.03)

-0.196

(0.87)

-0.260

(1.22)

-0.604

(2.66)

-0.0028

(0.18)

-0.0054

(1.19)

0.215

(0.51)

0.142

(0.63)

Regres-

sion 3

0.424

(1.84)

0.800

(2.92)

0.627

(1.94)

0.337

(1.04)

-0.301

(1.47)

-0.419

(1.73)

-0.274

(1.22)

-0.500

(2.38)

-0.575

(2.54)

0.0046

(0.30)

-0.0028

(0.63)

0.087

(0.33)

0.107

(0.48)

Regres-

sion 1

0.422

(2-25)

0.834

(3.58)

0.268

(1.18)

0.578

(2.33)

0.666

(2.65)

0.249

(1.09)

-0.346

(2.86)

-0.553

(3.18)

-0.622

(2.33)

0.202

(0.68)

-0.640

(1.50)

-0.080

(0.59)

0.204

(0.91)

-0.005

(0.03)

0.145

(0.70)

0.0140

(2.10)

0.0064

(1.14)

0.0077

(033)

-0.085

(1.05)

Ghana

Regres-

sion 2

0.532

(2.60)

0.880

(3.73)

0.311

(1.35)

0.679

(2.62)

0.746

(2.86)

0.349

(1.45)

-0.456

(3.11)

-0.688

(3.42)

-0.576

(2.14)

0.176

(0.59)

-0.637

(1.50)

-0.102

(0.75)

0.231

(1.02)

-0.076

(0.39)

0.185

(0.88)

0.0170

(2.41)

0.0041

(0.69)

-0.079

(0.34)

-0.088

(1.08)

Regres-

sion 3

0.587

(2.91)

0.932

(4.01)

0.395

(1.74)

0.675

(2.63)

0.789

(3.07)

0.344

(1.45)

-0.476

(3.30)

-0.707

(3.57)

-0.872

(3.19)

0.009

(0.03)

-0.442

(1.03)

-0.274

(1.96)

0.252

(1.13)

0.011

(0.06)

0.212

(1.03)

0.0188

(2.71)

0.0038

(0.65)

-0.105

(0.46)

-0.089

(1.12)
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Table 3. (continued)

Variable

Round 3 (dummy)

Intercept

Hausman tests of child mortality

being "exogenous"

Regres-
sion 1

-.049

(0.21)

1.64

(1.74)

0.268

Cote d'lvoire

Regres-
sion 2

-0.049

(0.21)

1.65

(1.61)

0.261

0.027

Regres-

sion 3

-0.085

(0.38)

0.0060

(0.00)

0.299

-0.145

Regres-

sion 1

2.04

(3.61)

0.431

Ghana

Regres-
sion 2

2.66

(3.63)

0.429

1.34

Regres-
sion 3

0220

(0.19)

0.451

1.43

n.a. Not applicable.
Note: The dependent variable is number of children born alive to women over age fifteen. For regression

1, child mortality is assumed to be exogenous, and the fertility equation is estimated using ordinary least
squares. Regression 2 is estimated using instrumental variables (IV); child mortality is endogenous and
identified by instruments measuring community health services and environment. Regression 3 is estimated
using / V; household composition and husband characteristics are assumed to be exogenous; child mortality
is endogenous and identified as in regression 2. The absolute value of the asymptotic f-statistic is reported
in parentheses. The sample size is 1,943 in Cote d'lvoire and 2,237 in Ghana.

a. Number of deaths of children under age five per live birth.
b. The value of the household's assets includes the value of owned land, business assets, and ten times

other property income per year per adult in thousands of CFA francs for Cote d'lvoire and thousands of
cedis for Ghana.

c. The excluded category is women age fifteen to twenty-four.
d. The sample average is based on a variable that is set to zero for women who have no reported

husband. For example, the average number of years of husband's primary education for women with
husbands in Cote d'lvoire is (1.31)/(1-0.240) = 1.72 years.

e. The term before the slash (/) applies to Cote d'lvoire; the term after applies to Ghana.
f. The excluded category is Abidjan or Accra.
g. The excluded category is Alcan.
h. The excluded category is no response.
i. Rainfall in the area, or at the nearest weather station, in annual average centimeters per year in

Ghana and in centimeters for the previous year in Cote d'lvoire.
j . Proportion of cluster sample household land area that is farmed in tree crops such as cocoa, coffee,

bananas, or coconuts.
Source: Authors' calculations.

and family composition variables are not jointly significant as a set of variables

in regression 3 for understanding the cumulative patterns of fertility. The differ-

ential effect of male and female education on fertility has been observed widely

(Ainsworth, Beegle, and Nyamete in this issue). Increases in middle and second-

ary education for women in either country are associated with substantial de-

creases in fertility, but advances in male education are not associated with sig-

nificant declines in fertility in either country. These results do not, however, give

support to Caldwell and Caldwell's (1987) argument that fertility is determined

in a different cultural context in Africa. The different effect of male and female

education on fertility is a common conclusion drawn from many economic models

and from empirical studies in Africa and elsewhere (Willis 1974; Schultz

1981).
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In sum, we find different patterns of fertility for the two countries. In Cote

d'lvoire, assets are weakly associated with higher levels of fertility. Economic

growth associated with the formation of nonhuman capital may be associated

with small declines in fertility in Ghana, but may not have this immediate con-

sequence in Cote d'lvoire. Child mortality reductions in both countries are asso-

ciated with fertility declines, but the individual association in model I suggests

that only about one-sixth of any decline in child mortality will be translated into

an offsetting fertility decline in Cote d'lvoire (the comparative figure for Ghana

is one-twelfth). These are smaller responses of fertility to child mortality than

others have found from individual data, where child mortality is assumed ex-

ogenous (Cochrane, O'Hara, and Leslie 1970; Rosenzweig and Schultz 1983).

This result may be caused by the increased number of control variables included

in this study or by a reduced responsiveness in fertility when the overall level of

child mortality is as high as in these West African countries.

Women's education in both countries, particularly schooling beyond the pri-

mary level, is linked in this and other studies to fertility declines of a substantial

magnitude—each additional year of education for women is associated with

their having 0.1 to 0.2 fewer births. By contrast, advances in the educational

attainment of men will yield few such dividends in terms of slowing population

growth. Social investment in women's education is economically productive both

in the labor force, and as a source of demographic externalities that contribute

to slowing the rate of population growth.

Fertility Estimates by Age and Rural-Urban Residence

The fertility equation is reestimated in table 4, for women age twenty-five to

thirty-four and thirty-five to forty-nine living in rural and urban areas, treating

child mortality as exogenous. These subsamples are about one-fifth the size of

those in the overall regressions, and consequently the estimated coefficients are

subject to much more sampling variability. However, number of children born

at these later ages is a better proxy for lifetime fertility, and the importance of

the different variables for fertility may differ between rural and urban areas.

Education of women, when it is statistically significant, always has a negative

effect on fertility. The coefficient on the levels of education vacillates consid-

erably in the small subsamples, to the point where it is undefined at two levels

for rural Ivorian women because in the sample there are no rural women thirty-

five to forty-nine with schooling beyond the primary level. Urban women age

twenty-five to thirty-four exhibit the clearest evidence that an additional year of

postprimary schooling is associated with a reduction in fertility of 0.2 children

in Cote d'lvoire and about 0.1 children in Ghana. The estimates for these educa-

tion coefficients do not change greatly for older women, but the precision of the

estimates decreases.

The positive effect of household assets on fertility is evident only among

younger rural women in Cote d'lvoire. The negative effect of assets on fertility

may be evident among older groups of Ghanaian women in both rural and urban



Table 4. Regressions on the Number of Children Born to Women Age 25-34 and 35-49, by Rural and Urban Residence,
Cdte d'lvoire, 1985-87, and Ghana, 1987-89

•vl

Individual or household variable

Woman's schooling (years)

Primary (1-6)

Middle (1-4)

Secondary and higher education

(1-3 or more)

Woman's height (In meters)

Household assets (local currency)*

Child mortality rate (exogenous)11

Woman's age (years)

Distance to nearest marketplace

(kilometers for C6te d'lvoire,

miles for Ghana)

Rainfall (centimeters per year)c

R
2

Sample size

25-34

0.0656

(0.97)

-1.02
(0.91)

0.243

(0.53)

0.0475

(0.02)

0.75

(2.03)

0.487

(1.18)

0.211

(5.27)

0.0159

(0.69)

-0.0056

(0.78)

0.143

299

Cote d'

Rural

35-49

0.0226

(0.11)
n.a.

n.a.

5.76

(1.63)

-0.52

(0.12)

0.986

(1.66)

0.0107

(0.33)

-0.0289

(0.89)

-0.0154

(1.69)

0.079

428

Ivoire

25-34

0.0363

(0.82)

-0.203

(2.38)

-0.235

(2.30)

1.50

(0.55)

1.60

(1.00)

0.826

(1.69)

0.232

(6.58)

0.0236

(0.04)

-0.0007

(0.09)

0.218

343

Urban

3S^9

-0.129

(1.00)

-0.069

(0.26)

-0.163

(0.96)

3.77

(0.62)

-10.7

(1.25)

0.562

(0.55)

0.099

(2.16)

-1.07

(2.00)

-0.0172

(0.93)

0.139

224

Ghana

Rural

25-34

-0.0331

(0.76)

-0.185

(2.60)

-0.155

(1.18)

-1.39

(0.70)

-0.146

(0.42)

0.175

(0.70)

0.239

(9.10)

0.0122

(1.34)

0.0147

(1.59)

0.252

436

35-A9

0.0704

(0.71)

-0.104

(0.58)

-0.145

(0.96)

1.65

(0.49)

-1.30

(1.12)
0.952

(1.48)

0.204

(6.71)

0.0275

(1.44)

-0.0131

(0.71)

0.199

344

Urban

25-34

-0.0143

(0.41)

-0.175

(3.60)

-0.0892

(2.16)

-0.862

(0.60)

0.086

(0.77)

0.534

(2.41)

0.203

(9.52)

0.0073

(0.59)

0.0011

(0.14)

0.227

663

35-39

-0.0460

(0.72)

-0.204

(1.98)

-0.136

(2.40)

2.92

(1.10)
-0.303

(0.98)

0.722

(1.36)

0.148
(6.41)

0.0151

(0.78)

0.0265

(1.85)

0.263

560

n.a. Not applicable. No women fit this category.
Note: The dependent variable is the number of children born alive to women in the age categories. Regressions are estimated using ordinary least squares. Child

mortality rate is treated as exogenous. Absolute value of the t-statistic is reported in parentheses. Controls are also included for ethnic or religion groups and survey
round.

a. The value of the household's assets includes the value of owned land, business assets, and ten times other property income per year per adult in thousands of
CFA francs for Cote d'lvoire and thousands of cedis for Ghana.

b. Number of deaths of children under age five per live birth.
c. Rainfall in the area, or at the nearest weather station, in annual average centimeters per year in Ghana and in centimeters for the previous year in Cote d'lvoire.
Source; Authors' calculations.
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areas. Expanding female education is associated with decreases in fertility in

both countries, but the scarcity of educated women resident in rural Cote d'lvoire

makes it difficult to forecast whether this process lowers fertility among those

staying in rural areas or only contributes to the decline in national fertility be-

cause it contributes to rural-urban migration.

In the rural and urban subsamples, child mortality is again positively asso-

ciated with fertility at all age subsamples. Child mortality is statistically signifi-

cant in the older rural and younger urban samples in Cote d'lvoire and in the

older rural and both urban samples in Ghana. The implied replacement rate for

births to a child death by the time a woman has completed her childbearing at

age thirty-five to forty-nine is 0.20 to 0.25, somewhat higher than previously

estimated across all ages for Ghana in table 3. Overall, the disaggregation of the

sample by age and rural or urban areas gives us more confidence in the findings

based on the age-aggregated fertility functions, although the much smaller samples

prevent us from obtaining precise estimates.

Who Benefits Most from Local Programs?

Some studies of fertility and child mortality have found evidence that the

benefits which a population receives from community health and sanitation ser-

vices depend on the level of women's education. Education allows women to

reduce their children's mortality and reduce unwanted childbearing (Schultz 1981,

1988a, 1988b, 1992; Rosenzweig and "Schultz 1982; Rosenzweig and Wolpin

1986; Barrera 1990, 1991). The empirical pattern observed most often in this

literature suggests that higher levels of these community health services are as-

sociated with greater benefits for less-educated women and their families. Fe-

male education and these community health and sanitation services are "substi-

tutes" in the production of child health, and these programs reduce educational

differences in health outcomes. The opposite pattern is also noted, but less of-

ten, where a particular social service, such as piped water, is found to be more

effective in the hands of the better educated, in which case these services "com-

plement" the mother's educational attainment.

To test the hypothesis that community programs in Ghana and Cote d'lvoire

differentially benefit women who have different levels of education, explana-

tory variables are defined as the product of the mother's years of completed

education and the four community characteristics. These interaction variables

are included in the regressions reported in table 5, explaining child mortality

and fertility that also control for (overall) years of education, age, and com-

munity variables.

In the Ghana child mortality regression, the negative coefficient on the

interaction between schooling and protected water indicates that the avail-

ability of protected water sources in the community lowers child mortality

by a greater amount among more-educated mothers. Maternal education

also has a stronger effect in reducing child mortality among Ghanaian moth-

ers in rural areas than among those in urban areas. These estimates imply
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Table 5. Child Mortality and Fertility Regressions with Interactions between
Mother's Education and Community Characteristics, Cote d'lvoire, 1985-87,
and Ghana, 1987-89

Selected explanatory variable

Woman's schooling (years)

Woman's height (In meters)

Rural residence (dummy)

Distance to nearest health clinic

(kilometers for Cote d'lvoire,

miles for Ghana)

Proportion of cluster sample

households with protected water

source, including piped water

and wells with pumps

Proportion of cluster sample

households with toilet or latrine

Schooling interacted with

Rural residence

Distance to nearest health clinic

Proportion of cluster sample

households with protected water

source, including piped water

and wells with pumps

Proportion of cluster sample

households with toilet or latrine

R
2

Coted

Child
mortality

(age 0-4)

-0.034

(2.84)

-0.0873

(0.63)

0.027

(1.44)

0.0011

(3.25)

-0.013

(0.76)

-0.041

(1.91)

0.0089

(0.82)

0.0001

(0.24)
-0.0032

(0.61)

0.0336

(2.88)

0.071

'Ivoire

Fertility

0.0096

(0.07)

2.94

(1.92)

0.861

(4.14)

0.0087

(2.30)

0.017

(0.10)

0.375

(1.60)

0.0464

(0.39)

-0.0011

(0.21)

-0.0592

(1.03)

-0.0394

(0.31)

0.251

Ghana

Child
mortality

(age 0-4)

-O.0031

(1.16)

-0.258

(1.89)

0.063

(3.91)

-0.00038

(0.34)

0.0682

(3.47)

-0.0649

(3.31)

-0.013

(4.33)
0.00043

(1.79)

-0.0109

(3.74)

0.0057

(1.70)

0.048

Fertility

0.0534

(2.60)

-0.208

(0.20)

-0.042

(0.34)

0.0162

(1.87)

0.0073

(0.05)

0.115

(0.77)

0.017

(0.75)
0.00069

(0.38)
-0.0632

(2.85)

-0.035

(1.39)

0.419

Note: Regression estimates are based on a reduced-form specification. Controls also included for age
dummies, survey round, rainfall, and distance to market, f-statistics are in parentheses. The sample size is
1,943 in Cote d'lvoire and 2,237 in Ghana.

Source: Authors' calculations.

that public sector subsidies to increase female education in Ghana would
have a greater effect in reducing child mortality if they were allocated to
rural rather than to urban areas. Improvements in water supplies are more
effective in reducing child mortality if they are provided to communities where
more women are better educated, possibly because education teaches moth-
ers how to use water for hygienic purposes. The remoteness of a clinic in
Ghana raises child mortality by a greater amount for more-educated women
than for less-educated. Thus, the proximity to a clinic appears to "com-
plement" women's education.
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The prevalence of modern sanitation facilities in the form of toilets and la-

trines in the community is the only community variable that appears to interact

with maternal education in determining child mortality in Cote d'lvoire, where

it complements a mother's education. Thus the availability of toilets in the local

community appears to increase educational differentials in child mortality in

both countries.

The sparseness of measured educational interactions in Cote d'lvoire com-

pared with Ghana may be partly due to the lower levels of education among

older Ivorian women. When the maternal education interactions are disaggre-

gated by primary, middle, and secondary and higher education, as in the earlier

regressions, several additional regularities are evident. The interaction between

maternal education and the frequency of toilet or latrine availability in the clus-

ter is stronger for primary schooling, the only interaction variable with the level

of women's education that is separately an important correlate with child mor-

tality in Cote d'lvoire. In Ghana these child health benefits from the community

sanitation practices improve for mothers with primary, middle, or secondary

education. In Ghana, primary and secondary education of mothers appear to

protect their children from the health disadvantages of rural residence and to

strengthen the benefits they realize from community protected water supplies.

IV. CONCLUSIONS AND RESEARCH PRIORITIES

To assess how development and social welfare programs affect such outcomes

as child mortality and fertility, the researcher must measure the critical dimen-

sions of these policies and programs. Moreover, the variation observed across a

surveyed population in these policies and programs must also be independent of

the host of confounding factors that might otherwise explain these outcomes.

More research is needed to quantify independent variation in the character and

quality of local health care that is produced by specific government policies,

programs, and the pricing of services. In the collection of policy-oriented

household surveys, such as the LSMS program, the information gathered at the

community level is critical for linking policy interventions to socioeconomic

outcomes. Relatively little is known about the accuracy or relevance of current

responses to community questionnaires regarding the availability of health, edu-

cation, or family planning services, or how the measured availability of services

actually affects the welfare of the neighboring population. The design, valida-

tion, and refinement of community policy questionnaires that parallel household

sample surveys are neglected topics for research. Community policy question-

naires could be important for improving development welfare policies.

Are community health programs allocated in response to prior health condi-

tions across communities, or do these program allocations affect the migration

of people with special health needs or preferences? If either of these processes

occurs, cross-sectional relations between programs and outcomes, even when

programs are suitably measured, can yield biased estimates of program effects.
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The only way to be confident that cross-sectional variation in community pro-

grams is independent of unobserved community conditions is to design the pro-

grams to achieve a phased sequence of program interventions that are orthogonal

to such unobserved factors. Unless the variation across women in their child

mortality rates is then explainable by community health programs and environ-

ments, we should be agnostic about the capacity of the public health sector, as it

is currently measured, to improve substantially child survival. By the same to-

ken, if education and family planning programs cannot be shown to enhance

significantly school enrollments and achievements and to reduce unwanted fertil-

ity, there should be skepticism regarding the effectiveness of expanding these

existing social welfare systems.

We found indications in Ghana that economic resources of households, ma-

ternal education, access to markets, and food prices are all associated with child

mortality. Residence closer to a health clinic (public or private) is not a good

predictor of child mortality in Ghana, perhaps because local proximity to a

clinic does not capture the effect of the prices for, or quality of, clinic-provided

health care. In both countries, sanitation infrastructure, in the form of com-

munity toilets and latrines, may slightly increase child survival prospects, but

only for children of less-educated mothers. The higher levels of child mortality

in rural areas of Ghana are less severe for better-educated mothers. Conversely,

the health advantages of urban residence are particularly beneficial for the chil-

dren of the uneducated mothers (table 5). In contrast, communities in Ghana in

which a larger fraction of the sampled cluster can rely on protected water sup-

plies do not report decreased child mortality, except perhaps for women with

more than six years of education (table 5). Education may teach women how

to use improved water supplies effectively for reducing health risks for their

children.

In Cote d'lvoire, where the public health clinics are nominally free (at least

until the time of the survey), there is evidence that households living a greater

distance from a clinic experience higher mortality among their children. Perhaps

because of the more uniform distribution of child health benefits from the pub-

lic health system in Cote d'lvoire than in Ghana, household assets are not a

significant predictor of child mortality in Cote d'lvoire. Advancements in women's

education at the most basic levels in both countries are likely to foster further

reductions in child mortality. To assess how maternal education at the three

schooling levels is related to child mortality in the absence of other control vari-

ables, a set of regressions was calculated with only the age of the mother con-

trolled by the dummy variables (not reported here). Child mortality is signifi-

cantly lower for each year of completed primary education of mothers, -0.011

in Cote d'lvoire and -0.008 in Ghana. These child survival benefits of maternal

education continued and increased in magnitude in middle school in Ghana,

-0.014, but lost their significance and size in Cote d'lvoire. No significant child

health differences were associated with secondary or higher education in either

country.
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One objective of this study was to consider the policy connections between

child mortality and fertility. The available information on the local health pro-

grams and environment could explain relatively little of the variation in child

mortality across mothers in Cote d'lvoire and Ghana, although these instru-

ments are statistically significant as a group. The Hausman (1978) test could

not reject the hypothesis that child mortality is exogenous. When child mortal-

ity is treated as an exogenous variable in fertility model I in the aggregate or

disaggregated regressions, we estimate that four to fifteen fewer child deaths are

associated with a reduction of only one birth. We have no good explanation for

the small size of this estimate of the fertility response to child mortality.

The study also sought to evaluate the other determinants of fertility in these

two countries, which have very high fertility rates and high child mortality.

Women's education, particularly beyond the primary school level, is strongly

related to declines in fertility in both countries, but the education of husbands is

not associated with similar declines. However, other measures of wealth and

socioeconomic status appear to have opposite effects on fertility in the two coun-

tries. In Cote d'lvoire, assets and maternal health are positively related to fertil-

ity, but in Ghana these variables are negatively related to fertility. An implica-

tion of our model is that household income should be treated as an endogenous

variable. This led us to omit income from this study. In another investigation of

these data, IV estimates of income effects, identified by household assets, are

substantial in both countries, but positive in Cote d'lvoire and negative in Ghana

(Benefo and Schultz 1994). Age disaggregation of rural and urban subsamples

suggests that the negative effect of household assets on fertility is only evident in

the urban subsamples of both countries among older women.

The variables examined here are undoubtedly measured with error, and the rela-

tionships estimated omit many relevant factors. It is also risky to infer how time

trends will evolve in a society even from well-measured cross-sectional patterns.

Nonetheless, there are several similarities and differences between these countries

that may help forecast future trends. In Cote d'lvoire, increments to household

nonhuman wealth are associated with higher fertility, while in Ghana the tendency

to invest family wealth in having more children has been altered, at least in urban

areas. Although per capita incomes and male earnings were higher in Cote d'lvoire

than in Ghana, the earlier investment of Ghana in an egalitarian educational system

has provided women with greater productive opportunities relative to men than

those of women in Cote d'lvoire. Given the relationship observed between female

education, wages, and productivity and reduced fertility, we expect that the chang-

ing composition of income sources in Ghana will be more favorable for women and

hence contribute to an earlier national decline in fertility than in Cote d'lvoire.

Urbanization in both countries is likely to lower national fertility levels, but with the

greater integration of the regional labor markets in Ghana, the potential for urban-

ization to foster a fertility decline is probably greater in Cote d'lvoire.

A more equal distribution of social services would appear likely to hasten the

decline in child mortality and fertility, particularly if women's education in-
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creases more rapidly in rural areas and rural sanitation and health problems are

effectively addressed. Only in the case of community access to protected water

supplies did we find evidence that, without a prior investment in female educa-

tion, improvements in water supplies are not associated with increased child

survival among the rural poor. A resumption of growth in personal incomes in

Cote d'lvoire may offset, rather than reinforce, the fertility-reducing effect of

the slow expansion in women's education. Conversely, sustained income growth

in Ghana may benefit women's productivity as much as it does men's, and both

income growth and increased education of women will work together to reduce

childbearing and to shift social resources toward greater investments in child

quality in the form of schooling, health, and migration.

Table A-l.
and Ghana

Variable

Means and Standard Deviations of Variables,

Cote d'lvoire

Mean
Standard
deviation

Cote d'lvoire

Ghana

Standard
Mean deviation

Dependent variables

Number of children born alive

Number of children born in last five years

Proportion of children born at least five

years before the survey who died before

their fifth birthday (child mortality rate)

Infant death rate (before first birthday)

5.48

0.920

0.161

0.118

Explanatory variables at individual household level

Woman's schooling (years)

Primary (1-6)

Middle (1-4)

Secondary and higher education

(1-3 or more)

Woman's age (years)

Woman's height (In meters)

Household assets (local currency)*

Share of tree cropsb

Woman migrant (dummy)'

No husband present (dummy)

Woman head of household (dummy)

Household composition and husband characteristics
6

Husband's schooling (years)

Primary (1-6)

Middle (1-4)

Secondary and higher education

(1-3 or more)

Husband's height (In meters)

Husband's age (years)

2.85

1.00

0.233

0.209

4.72

1.11

0.157

0.114

2.47

0.934

0.254

0.220

1.00
0.232

0.0602

39.6

0.457

16.5

0.346

0.357

0.240

0.080

ristics
6

1.31
0.406

0.199

0.393
36.9

2.15
0.870

0.619

13.5

0.0390

176

0.298

2.40

1.16

1.04

0.224

23.6

2.76
1.25

0.233

34.0

0.455

70.6

0.295

0.441

0.354

0.290

2.30

1.29

0.424

0.338

27.1

2.86
1.76

1.29

7.74

0.0393

339

0.259

2.87

1.83

1.71

0.253

21.9

(Table continues on the following page.)
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Table A-l. (continued)

Variable

Cote d'lvoire

Standard
Mean deviation

Ghana

Standard
Mean deviation

0.103

0.198

0.176

11.9

Other variables averaged for sample cluster

Rainfall (centimeters per year)'

Distance to nearest marketplace

(kilometers for Cote d'lvoire,

miles for Ghana)

Proportion of cluster sample households

with toilet or latrine

Proportion of cluster sample households

with protected water source including

piped water and wells with pumps

One of the two most serious community

health problems (dummy variables)

Malaria

Diarrhea

Measles, chickenpox, or other

infectious illnesses

Distance to nearest health clinic

(kilometers for Cote d'lvoire,

miles for Ghana)

Child immunization campaign in last

five years (dummy)

Public health expenditures per person

in the province (xlO3, 1988 cedis)

Prices in the community
1
*

Manioc/cassava

Maize

Fish/fish

Beef/eggs

Palm oil

Peanut butter

Sugar

Bananas

Antibiotics —

Woman's religion (dummy variables)

Muslim —

Christian —

Traditional religions —

Woman's ethnicity or language (dummy variables)

Akan 0.291

Ewe n.a.

Ga-Adangbe n.a.

Dagbani n.a.

Hausa n.a.

Nzema n.a.

Other languages n.a.

Krou 0.089

107.0
2.37

0.580

0.491

18.4
4.64

0.400

0.352

50.7
3.15

0.569

0.337

14.3
6.66

0.358

0.395

0.0820

18.2

0.0410

0.443

0.168

0.270

4.22

152.0

4.17

0.135

0.633

0.179

0.464

0.173

0.080

0.037

0.024

0.009

0.213

n.a.

6.82

—

—

0.0736
—

0.437

0.810

0.682

0.396

0.0458

0.169

0.146

0.319

0.156

0.502

309.0

26.6

61.8

526.0

24.5
—

95.0

4.94

8.68

118.0

3.43

19.1

0.548
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Table A-l. (continued)

Variable

Cote d'lvoire

Standard
Mean deviation

Ghana

Standard
Mean deviation

Mande-North 0.090 n.a.

Mande-South 0.137 n.a.

Voltaic 0.097 n.a.

Alien 0.135 n.a.

Woman's current residence (dummy variables)
1
'^

Current rural resident 0.560 0.398

Abidjan/Accra 0.187 0.129

Other urban/urban coast 0.214 0.146

Urban forest n.a. 0257

Urban savannah n.a. 0.070

East forest/rural coast 0.244 0.081

West forest/rural forest 0.142 0.173

Rural savannah 0.213 0.144

— Not available.
n.a. Not applicable.
Note: Samples are reduced by about 5 percent to have complete reporting of height, and by 30 percent

to include only women with at least one birth five or more years ago. The reproductive module was
administered to one woman in each household who was between age fifteen and fifty in Ghana and
fifteen or older in Cote d'lvoire. Thus, the sample from Cote d'lvoire is older than that in Ghana by
almost five years. Standard deviations are not reported for dummy variables because they are equal to
[m(m - I)"2], where m is the mean. The sample sizes are 1,943 for Cote d'lvoire and 2,237 for Ghana.

a. The value of the household's assets includes the value of owned land, business assets, and ten times
other property income per year per adult, in thousands of CFA francs for Cote d'lvoire and in thousands
of cedis for Ghana.

b. Proportion of cluster sample household land area that is farmed in tree crops such as cocoa, coffee,
bananas, and coconuts.

c. A woman migrant is a rural-born, currently urban resident who has lived in an urban area for more
than five years.

d. The sample average is based on a variable that is set to zero for women who have no reporting
husband. For example, the average number of years of husband's primary education for women with
husbands in Cote d'lvoire is (1.31)/(l-0.240) = 1.72 years.

e. Rainfall in the area, or at the nearest weather station, in annual average centimeters per year in
Ghana and in centimeters for the previous year in Cote d'lvoire.

f. Local prices averaged and adjusted for inflation to the same date in local currency.
g. The term before the slash (/) applies to Cote d'lvoire; the term after applies to Ghana,
h. The excluded term is Abidjan or Accra.
Source: Authors' calculations.
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