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“If we invest in the health of women 
and children, we ensure that families, 
communities, and nations thrive.”  

 
—Melinda Gates, launch of the 

Reproductive Health Alliance  
September 22, 2010 

INTRODUCTION 
 

Currently, there is much interest in enhancing the roles and status 
of women in developing countries as well as revitalizing 
programs for reproductive health and family planning. The U.S. 
government, as part of its Global Health Initiative,1 is 
emphasizing women-centered programming2 as a strategy for 
realizing development goals; the Global Fund to Fight AIDS, 
Tuberculosis and Malaria has established a gender strategy for its 
programming;3 the World Bank launched a four-year gender 
action plan in 2007;4 and other agencies such as the United 
Nations Women, United Nations Population Fund, Joint United Nations Program on HIV/AIDS, and 
others all emphasize the important role of improving the lives of women and girls, as both an objective in 
itself and as a strategy to achieve other development objectives such as the reduction of poverty or 
improvement in life expectancy. These donor efforts complement the work of the many international and 
national nongovernmental organizations that focus on supporting women-centered programs. 
 
Women-centered strategies concentrate on specific areas that improve the quality of life of women and 
girls. In the context it is used here, the focus is not on gender equity or equality outcomes per se, although 
these may be achieved as a result of the successful implementation of women-centered strategies. 
Women-centered strategies typically focus on the following: 

• Improving women’s and girls’ education 
• Increasing their knowledge of health choices, especially in the area of reproductive health and 

family planning 
• Increasing their decision-making autonomy and empowering women to have more control over 

resources at their disposal 
• Increasing their economic power by increasing their incomes  
• Reducing their exposure to various forms of violence, especially gender-based violence 

 
While there is a growing body of research that shows the impact of women-centered strategies on specific 
development objectives like fertility,5 child health,6 or education,7 the empirical evidence that links 
women-centered strategies to broader development outcomes such as economic growth is more limited 
and less well-known. The relative shortage of empirical evidence over time reflects both the difficulty of 
establishing direct causality between women-centered programming and development outcomes and the 
historical lack of high-quality, internationally comparable data on the relevant variables.8 Over the last 
decade, however, research efforts 9 led by the World Bank and others have estimated the relationship 
between measures of gender equality (e.g., gender gaps in education and labor force participation rates) 
and measures of economic growth (e.g., gross domestic product, labor productivity, poverty reduction), 
building the case that increasing gender equality in developing countries can have a multiplier effect on 
overall development and growth. During the same timeframe, there has been an increase in the number of 
high-profile leaders and advocates that champion women’s strategies as key to successful development or 
the eradication of poverty.  Their statements often present the relationship as a given or point to a micro-
level relationship (e.g., increasing women’s education reduces child malnutrition) as evidence of the 
macro-level impact rather than directly referencing supporting data.    
 
One principal pathway through which women-centered strategies affect development outcomes, including 
economic growth, is by giving women “agency”—“the ability to define goals and act on them,” as 
defined in the 2007 World Development Report.10 Agency includes, importantly, agency over one’s 
fertility. Family planning and reproductive health (FP/RH) programs provide women and their partners 



Introduction 
 

2 
 

with the ability to choose if and when they want to get pregnant and the spacing of births.  A large body 
of research has established the relationship between fertility and women’s labor force participation, 
education, and health status: high fertility rates are associated with lower rates and quality of women’s 
labor force participation, lower educational attainment, and lower health status of mothers and children. 11  
FP/RH programs are an obvious and necessary intervention, with a multitude of benefits at the individual, 
household, community, and national levels.12 They work in concert with other women-centered and 
general development strategies, including those focused on girls’ education, women’s empowerment and 
political participation, livelihoods/income generation, and the legal status of women.  A multidimensional 
program of interventions aimed at improving gender equality and raising the status of women is necessary 
to promote sustainable social and economic development. FP/RH programs are essential pieces of the 
package of interventions, as they give women the opportunity to engage in all the other dimensions. 
Therefore, in recognition of the critical importance of FP/RH programs, our modeling team set out to 
provide women’s advocates with a user-friendly tool to more readily demonstrate the social and economic 
benefits of such programs in concert with other women-centered strategies.   
 
Our approach to exploring the relationships between women-centered strategies and family planning was 
to formulate and test a dynamic computer model, called RAPID/Women. Specifically, RAPID/Women 
focuses on the links between women-centered strategies, reproductive health, population, and economic 
development. It can help create an evidence base for women’s rights advocates, governmental leaders, 
and women’s organizations to use in advocating for increased investments in women–centered 
interventions and FP/RH programming in their countries.  
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TECHNICAL APPROACH OF RAPID/WOMEN 
 
Conceptual Framework 
The first challenge to make the links between family planning, women-centered strategies, and a measure 
of economic development was to create a conceptual framework to establish these empirical links.  We 
developed a simple framework (Figure 1) that links intervention or program strategies to intermediate 
impacts on the quality of women’s lives and then to national socioeconomic development.  
 

Figure 1. Conceptual Framework of the RAPID/Women Model 
 

 
 
On the left of the conceptual framework are a number of illustrative women-centered strategies. To keep 
the model simple and manageable, RAPID/Women only includes the three strategies (highlighted in 
orange and red). In the center of the conceptual framework are some key elements that affect the quality 
of women’s lives. Lastly, on the right, we see the impact on national development as summarized by the 
UN’s Human Development Index (HDI). In the following section, we provide more detail about how the 
conceptual framework is implemented in the model. 
 
Because of the model’s focus on women-centered strategies, the choice of variable to represent women’s 
empowerment deserves special mention here. In RAPID/Women, women’s empowerment is represented 
by the proxy variable, “% of women reporting that wife beating is justified for certain reasons.” This 
indicator is available in many Demographic and Health Surveys (DHS) and is one of the recommended 
indicators to measure community mobilization and individual behavior change.13 A measure of women’s 
attitudes toward intimate partner violence increasingly is included as a key domain in indices of women’s 
autonomy,14 along with decision-making power, mobility, and control over resources.15 Further, women 
who report accepting attitudes toward intimate partner violence are more likely to have experienced or to 
expect such violence.16 Empirically, we found that this indicator was negatively correlated with the 
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percentage of women who report they can make their own health decisions (r=-0.38), meaning that those 
women who felt intimate partner violence was justified tended to not make their own health decisions. 
This result is in line with research showing a positive relationship between women’s autonomy and health 
outcomes.17  
 
We also found below that this variable is highly correlated with reports of physical violence in countries 
where both indicators were collected (r= 0.7.).  Intimate partner violence is challenging to measure 
accurately, due to stigma, underreporting, and differences in classification of types of abuse (variations in 
definition); and comparable data are not available in many countries.18 Even analyzing  prevalence within 
one country over time can be difficult, as campaigns to raise awareness of gender-based violence can lead 
to a spike in prevalence rates as more incidents are reported, complicating analysis of trends. Given these 
various constraints, the “prevalence of physical violence” variable was not included in the model.    
 
Other measures of women’s empowerment were considered19 as well but were found to have various 
limitations for use in the model—most often a lack of available data across a sufficient number of 
countries.  
 
Model Structure 
The model comprises two main sub-models: (1) the Demographic Sub-Model (Figure 2a), which 
includes variables that determine the growth and age structure of the population and (2) the Economic 
Development Sub-Model (Figure 2b), which calculates the HDI as the main development indicator. The 
Economic Development Sub-Model is linked to the Demographic Sub-Model through population 
variables, including the number of births (measured by the total fertility rate) and life expectancy.   
 
In Figure 2a, the yellow boxes represent the six policy variables that can be influenced by specific 
programs: 

1. Contraceptive Security Access Index 
2. Women’s empowerment/gender norms, measured by the percent of women saying wife beating 

can be justified 
3. Girls’ mean years of education completed 
4. Girls’ expected years of education 
5. Postpartum insusceptibility 
6. Sterility (infertility) 

   
The user can change the values of these policy variables to simulate the effect that women-centered 
strategies would have. Changes in the policy variables affect other demographic and health variables in 
the model (shown in blue). For example, as girls obtain more education, they tend to marry later and use 
contraceptives, thus leading to fewer births. While the user inputs initial values for the policy variables, 
the future values are calculated directly by the model.   
 
The next section discusses each of the variables in Figures 2a and 2b, as well as the ways the variables are 
linked and the statistical relationships that were estimated. 
 
 
 



Modeling the Impact of Family Planning and Other Women-Centered Interventions on Development 
 

5 
 

Figure 2a. RAPID/Women Model: Demographic Sub-Model 
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Figure 2b. RAPID/Women Model: Economic Development Sub-Model and HDI 
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Calculated Variables 
Nearly all the statistical relationships were estimated as log-linear relationships, meaning we regressed the 
log of the dependent variable against the logs of the independent variables. The double-log form provided 
the best fit between the variables and generated the smallest error term. Also, the coefficients can be 
interpreted as “elasticities,” meaning that the coefficient represents the percentage change in the 
dependent variable to a percentage change in the independent variable. The database used to create the 
behavioral equations contained data from 56 countries, but for some variables, data were only available 
for a smaller sub-section of these countries, as indicated by the “n” in the sample data tables. 
 
Human Development Index (HDI) 
We start with the HDI, since this is our ultimate measure of economic development and assesses “quality 
of life.” The HDI is based on three dimensions of human life:  

1. A long and healthy life, as measured by life expectancy at birth  
2. Educational attainment, as measured by mean years of schooling for adults age 25 and older  and 

expected number of years of basic education achieved 
3. A decent standard of living, as measured by gross domestic product (GDP) per capita adjusted for 

purchasing power parity 
 

The HDI framework is shown in Figure 3. The specific equations to calculate the HDI, as well as country-
specific rankings, are found in the UN Human Development Reports.20 Three indices (each accounting 
for one-third) consitute the index: life expectancy, education, and income. 
 

Figure 3. Human Development Index 

 
 
Female Life Expectancy at Birth 
As indicated above, female life expectancy (FLE) at birth is seen as a high-level health impact indicator 
and figures into the calculation of the HDI. Life expectancy is also used in the dynamic component of the 
RAPID/Women model to calculate survival rates, which are in turn used in the population projections. 
Reductions in mortality rates in developing countries have, of course, contributed to their demographic 
transitions. These reductions have been due in large part to gains in childhood survival rates attributable 
to the introduction of vaccines and eradication of childhood communicable diseases, improved nutrition 
and access to water and sanitation, and improved birth spacing.21 In RAPID/Women, we modeled FLE by 
establishing a statistical relationship with one of our child mortality indicators, the under-5 mortality rate. 
In developing countries, gains in life expectancy are first driven by gains in early childhood mortality. 
The estimated double-log regression equation for FLE, estimated with data from an international cross-
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section of developing countries, is shown in Table 1. The results are statistically significant and show, as 
expected, that as under-5 mortality increases, FLE decreases, or conversely as under-5 mortality 
decreases, FLE increases. 

 
Table 1. Female Life Expectancy 

Ln (Female Life Expectancy)22 Coefficient t statistic R-squared n 

Ln (Under-5 mortality rate)23 -0.19 11.7 0.71 55 
 
In the model, male life expectancy at birth is assumed to differ from FLE by a fixed amount. In nearly 
every society, male life expectancy is lower than for females, usually between one and two years. The 
initial values for female and male life expectancy are drawn from the United Nations Population 
Division’s World Population Prospects.24 
 
Contraceptive Prevalence Rate   
Fertility is calculated in the model by adapting the “proximate determinants” approach (see the section on 
the total fertility rate). The RAPID/Women model projects two of the proximate determinants using 
relationships uniquely devised for this model. The first modeled variable is the contraceptive prevalence 
rate (CPR), a key indicator for family planning that serves as a behavioral- or outcome-variable that 
contributes to the total fertility rate. There are multiple determinants of contraceptive use, but for 
RAPID/Women, we needed to construct a statistical relationship to calculate CPR based on specific, 
quantifiable variables. The extensive literature on the determinants of contraceptive use discusses both 
demand and supply variables—at multiple levels for each: individual, familial, and extra-familial for 
demand; and delivery system, managerial context, policy context, and client transactions for supply.25 In 
RAPID/Women, we established a statistical relationship between demand-side and supply-side factors that 
one would expect to influence the uptake of family planning services. Contraceptive use has been shown 
to be heavily influenced by women’s educational attainment, as well as social norms about family size, 
women’s income-earning opportunities (the opportunity cost of women’s time), household wealth, 
women’s autonomy, and access to high-quality services, among other variables.26 After narrowing the list 
of possible variables to those for which data were available across a sufficiently large number of countries 
of interest and were statistically significant and of the expected sign in the regression model, we selected 
three variables to include as determinants of contraceptive use in the model.   
 
The first indicator is the average years of schooling for women, which is based on two variables: the 
mean years of schooling completed among adults age 25 and older27 and the school “ life expectancy” 
(expected number of years of school completed) among children now entering primary school.28 It has 
been well established that female education is an important determinant of health behavior, including 
reproductive health behavior. 29 Women with higher levels of education tend to marry later, want fewer 
children or wish to space them apart, are more informed about their choices, and are better able to act on 
those choices. As Rosenzweig and Schultz explained almost three decades ago, education builds people’s 
skills to “acquire and decode new information and thus effectively lowers the costs of using more 
beneficial child health and contraceptive technologies.”30 Evidence from developing countries since that 
time has supported the relationship between women’s education and health behavior, while identifying 
multiple confounders that can affect the strength of the relationship.31   
 
Second, we include an indicator of women’s empowerment: women’s report that wife beating is justified 
for specific reasons (e.g., burning the food, arguing with her husband, leaving the house without telling 
her husband, neglecting the children, and refusing sex). Women who agree that intimate partner violence 
is justified are likely to have experienced violence themselves (or live in communities where violence is 
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highly prevalent and strong, gendered power imbalances persist). We expect women who experience 
violence and/or live in high-prevalence communities to be less able to make autonomous decisions, 
including those regarding the use of contraceptives and other health behaviors.32 Women’s acceptance of 
wife beating (intimate partner violence) is an indicator of women’s autonomy;33 so we expect that as the 
percentage of women who justify intimate partner violence goes up, the CPR would go down.  
 
The third variable selected as a determinant of contraceptive use is an index called the Contraceptive 
Security Access Score34 (CS Access Score). The CS Access Score is an established index that is based on 
key informant interviews about the family planning situation in a country, as well as information about 
financing. This indicator measures a country’s access to modern family planning methods, the proportion 
of a country’s contraceptives distributed through the public sector that go to the poor, and the spread of 
access to family planning methods. We expect that as this indicator increases, the CPR also will increase. 
 
Table 2 shows the double-log regression results for CPR as a function of the three variables discussed 
above. It can be seen that all independent variables have the expected sign and are significant. 
 

Table 2. Contraceptive Prevalence Rate 

Ln (CPR)35 Coefficient t statistic 

Ln (Female average school 
attendance, years)36 

0.48 5.1 

Ln (Wife beating justified)37 -0.16 -1.76 

Ln (CS access score)38 1.81 3.85 

 R2   = 0.69 N = 36 
 
The initial value for CPR (any method) can be drawn from the most recent DHS report, or, if none is 
available, from the United Nations Population Division’s World Contraceptive Use. It should be noted 
that in the model, the CPR is capped to be less than or equal to 75 percent. 
 
Percentage of Women Married/ in Union 
Another important proximate determinant of fertility, which is the second modeled in RAPID/Women, is 
the percentage of women of reproductive age who are married or in union, which serves as a proxy for 
sexual exposure.39 This factor accounts for an important percentage of the decline in fertility during 
demographic transitions. Age at marriage and also the propensity to marry among women are closely 
related to their education status and level of educational attainment. Girls who remain in school and/or 
who go on to university will tend to marry at older ages.40 More educated girls will also tend to enter the 
formal labor force and work, which may have an additional effect on age at marriage.41   
 
For the RAPID/Women model, we estimated a simple equation (see Table 3) that relates the expected 
number of years in school for girls to the percentage of women married/in union. Note that the coefficient 
on the education indicator has the expected negative sign and is significant. 
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Table 3. Percentage of Women Married/in Union 

Ln (Percent of women married/in union)42 Coefficient t statistic R-squared n 

Ln (Expected years in school—girls)43 -0.73 -3.0 0.15 51 

 
The initial value for the percentage of women of reproductive age married or in union can be drawn from 
the country’s most recent DHS report. 
 
Total Fertility Rate 
The total fertility rate (TFR) is used to calculate the number of births in the demographic component of 
the model. We use the Bongaarts proximate determinants model44 to project the TFR. 
 
The Bongaarts framework is repeated here in full: 
 
TFR = Cm • Ci • Cat • Cs • Cc • TF 
where: 
 

• TFR = total fertility rate 
• Cm = marriage index 
• Ci = insusceptibility index 
• Ca = abortion index 
• Cs = sterility index 
• Cc = contraception index 
• TF = total fecundity 

 
Cm, the index of marriage, is simply the percentage of women in the reproductive age group who are 
married or in union. The baseline value is input from the DHS, and future values are calculated by the 
model as described above. 
 
Ci, the index of postpartum infecundability, is calculated as the ratio of the average birth interval in 
months with and without breastfeeding: 
 
Ci = 20.0 / (18.5 + Period of postpartum insusceptibility) 
 
In RAPID/Women, this is represented as postpartum insusceptibility (PPI) and is an exogenous variable 
that can increase the duration of a woman’s postpartum amenorrhea (temporary infecundability or 
inability to conceive). While many factors may influence this, prolonged breastfeeding has been shown to 
be one of them. The baseline value is input from the DHS, and future values are projected by the user, 
who can choose whether to vary from the baseline value. 
 
Ca is an index of induced abortion. Since we do not vary the level of this index in the RAPID/Women 
model, we have omitted it and adjusted the calculations accordingly. 
 
Cs, the index of sterility, is normally calculated from the percentage of women in union who remain 
childless at the end of their reproductive years. As with PPI, the baseline value is input from the DHS, 
and future values are projected by the user, who can choose whether to vary from the baseline value. 
However, it is unlikely that this value would vary much over time. 
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Cc, the index for contraception, is calculated as a function of the CPR, which we project using the 
equation described above. 
 
TF is an index of total fecundity and is the number of children a women would have if all the other 
proximate determinants were at their minimum levels. As with the abortion rate, we do not use this 
variable, as it is not likely to change and is not a policy variable. 
 
Under-Five Mortality, Infant Mortality, and Maternal Mortality  
Mortality rates are key indicators because not only do they reflect outcomes of health and other 
interventions, but they also influence demographic progress through the population projection component 
of the model. In the RAPID/Women model, we estimate under-five and infant mortality rates, as well as 
maternal mortality, by establishing links between fertility and “high-risk births.” 
  
There are two paths by which changes in fertility can lead to reductions in the number of under-five, 
infant, and maternal deaths. The most direct path is through a reduction in the absolute number of births 
and hence in the number of infants and young children at risk of dying and in the number of pregnant 
women giving birth. 
 
The second path is through a reduction in the proportion of births classified as “high risk.” This leads to a 
reduction in the infant and under-five mortality rates, as well as in the maternal mortality ratio. The DHS 
defines high-risk births as those that fall into one of the following risk categories: 

• Mother is under age 18 (too young) 
• Mother is over age 34 (too old) 
• Birth is less than 24 months after previous birth (too close) 
• Birth is to a mother who has had more than three births (too many)45 

 
The DHS program collects data on the risk factors facing women and on infant and child mortality. The 
data from a cross-section of countries with two or more DHS surveys were used to establish a statistical 
relationship between the variables concerned. We expect that as the percentage of high-risk births falls, so 
do under-five mortality rates (U5MR). A similar picture holds for the infant mortality rate (IMR) and the 
maternal mortality ratio (MMR). 
 
As described above, one of the high-risk categories is high parity. As the TFR declines, high parity 
naturally also declines. The other three risk categories also correlate with the TFR. Higher fertility is often 
associated with long periods of childbearing; thus, more births occur in the “too young” and “too old” 
categories. Moreover, births spaced too closely together often occur in high-fertility societies.  
 
Using data from a cross-section of several DHS, we followed Ross’s analysis46 and established the slope47 
of the relationship between changes in the percentage of at-risk births and changes in infant, child, and 
maternal mortality. We also estimated slopes for changes in TFR and changes in the percentage of at-risk 
births. We then used the relationships to model the effects of changes in contraceptive use (through 
changes in fertility) on infant, under-five, and maternal mortality. Thus, the pathway for the model is as 
follows: 
 
TFR  Percent of births at Risk  IMR 
TFR  Percent of births at Risk  U5MR 
TFR  Percent of births at Risk  MMR 
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The results of the statistical analysis established the relationships that are used in RAPID/Women to link 
fertility to mortality (see Table 4). 
 

Table 4. High-Risk Births, Fertility, and Under-5, Infant, and Maternal Mortality 

Any Risk* Coefficient R–squared n 

TFR 5.18 0.69 93 

Infant Mortality Rate* Coefficient R–squared n 

Any Risk 1.55 0.31 93 

Under-5 Mortality Rate* Coefficient R–squared n 

Any Risk 3.86 0.35 93 

Maternal Mortality Ratio** Coefficient R–squared n 

Any Risk 21.27 0.24 64 

Sources: * Moreland and Talbird, 2006.48 ** Ross and Stover, 201049 
 
Because the IMR and U5MR are modeled independently, the model could return predicted values of the 
IMR that exceed that of the U5MR. Because it is not possible for deaths among children under age one to 
exceed that of all deaths to children under age five, the model imposes a condition that the IMR cannot be 
greater than the U5MR. 
 
The initial value for infant and child mortality rates and the maternal mortality ratio can be drawn from 
the country’s most recent DHS report. Alternately, infant and child mortality data are available from the 
United Nations Population Division’s World Population Prospects50 and maternal mortality from World 
Health Organization et al., Trends in Maternal Mortality. 

 
Gross Domestic Product Per Capita 
As seen in the overall schema of the model, RAPID/Women estimates the impact of demographic 
variables on national development variables. We take gross domestic product per capita (GDPPC) as our 
measure of economic development. GDPPC is also an element in the calculation of the HDI, as discussed 
above.  
 
GDPPC is simply GDP divided by the population: 
 
GDPPC = GDP/Population 

 
The population is projected using the population projection model. GDP is calculated using a modified 
production function at the national level. In the production function, real output is determined by labor 
and investment. For the RAPID/Women model, we added an education term (female average years of 
school attendance) to the production function to take account of the impact of education on the 
productivity of the labor force. The estimated production function is shown in Table 5. All independent 
variables are significant, with the expected signs.  
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Table 5. GDP Production Function 

Ln (GDP)51 Coefficient t statistic 

Ln (Investment)52 0.65 24.7 

Ln (Labor force)53 0.35 10.8 

Ln (Female average school attendance, years)54 0.38 5.37 

 R2 =0.97 N =89 

 
Labor Force 
We calculate the labor force from a parameter representing the proportion of the population in the labor 
force, using data from the International Labor Organization, and the total population projected by the 
model: 
 
Labor Force = Population * [Labor Force Participation Rate] 
 
Investment (Capital) 
The investment—or capital—term is calculated using an estimated relationship between GDPPC, female 
education, and the dependency ratio (the share of the non-working age or dependent population—defined 
as those who are under age 15 and age 65 and older—to those of working age). As discussed above, 
investment is included in the model, as it is an important factor in GDP and often is included in models as 
a proximate determinant of economic growth.55 Capital formation or investment is the part of income that 
is set aside or saved to invest in income-producing assets such as machines, tools, roads, and other fixed 
assets that enhance production. We expect that as income per capita increases and as education levels, 
wages, and disposable income rise, savings and investment also will increase. In addition, there is 
research to suggest a life-cycle effect on savings behavior: when households and societies have higher 
numbers of people above or below the working ages (old or young), we expect they will use more of their 
income to feed, clothe, educate, and provide health services to these non-working people, which will 
lower the total savings rate and hence reduce investment.56 So, we expect a negative relationship between 
the dependency ratio and investment: as declines in fertility over time reduce the dependency ratio, 
savings rates increase, and, subsequently, more capital is available for investment.57 Table 6 presents the 
results. 
 

Table 6. Capital per Capita 

Ln (Capital per capita)58 Coefficient t statistic 

Ln (GDP per capita)59 0.87 12.76 

Ln (Expected years in school—girls)60 0.43 2.27 

Ln (Dependency ratio)61 -0.50 -2.24 

 R2 = 0.93 N = 50 
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SAMPLE RESULTS FROM AN APPLICATION IN MALI 
 
Mali Baseline Situation 
The model was tested and validated recently in Mali. Mali was chosen 
as a pilot country because it faces a lot of the issues that the approach 
was designed to address. Table 7 summarizes the baseline (initial year) 
data for Mali. Fertility is high, with a TFR of 6.6 and with a 
contraceptive prevalence rate of 8.2 percent (all methods).62  
Economically, although GDP per capita is just over $1,000, Mali is in 
the bottom ranking on the HDI scale at 160 out of 169 countries. The 
IMR is 96 deaths per 1,000 births, and the U5MR is 191. Similarly, 
there are significant women’s empowerment issues. More than 75 
percent of women report finding it acceptable for their husbands to 
beat them and 85 percent have been subjected to some form of female 
genital mutilation.63 
 
Scenarios 
As described above, the RAPID/Women model has several indicators 
that can be manipulated to simulate the impact of various interventions 
(control indicators.) These include two education variables, one 
women’s empowerment variable, and three family planning indicators.  
 
Table 8 shows the baseline or initial values of these variables in 2010, 
as well as the assumed values of these for three scenarios in the end 
year of the simulation, 2050.64 In the “FP only” scenario, we assumed that the CS Access Index increased 
from an initial level of 9.8 (out of 20) to 18, which represents almost a doubling. PPI is assumed to 
increase from 11.7 months at baseline to 17 months as a result of increased breast feeding and use of the 
lactational amenorrhea method (LAM). Natural sterility (infertility) is left unchanged. All other control 
indicators are assumed to remain unchanged. 
  

Table 8. Baseline Values of Four Scenarios (Mali) 

Scenario Value 
in 

Expected 
Years 

Female  
Education 

Expected 
Years 
Male 

Education 

Mean 
Years 

Female 
Education 

Mean 
Years 
Male 

Education 

Wife Beating 
Justified 

Access 
Index 

PPI 

Base scenario 2010 8 9 0.99 1.76 75.2 9.8 11.7 
FP only 2050 8 9 0.99 1.76 75.2 18 17 

Women-
centered 

2050 10 10 4 4 40 9.8 11.7 

Combined 2050 10 10 4 4 40 18 17 
 
The third scenario is titled “women-centered” because it only takes account of changes in women’s 
education and the women’s empowerment variables (acceptance of gender-based violence). Of course, 
family planning is also a strategy that focuses on women, but here we separate these for expository 
purposes. The indicators for mean years of female and male education are assumed to increase to 10 years 
and reach parity in 2050. These increases may not seem large, but the initial values compare favorably to 

Table 7. Mali Baseline 

Indicator Base Year 
Value 

% married 84.8 

CPR 8.2 

TFR 6.6 

Births at risk 68% 

IMR 96 

U5MR 191 

MMR 464 
Female Life 
Expectancy 48.8 

Investment 252 

GDP/pop 1083 

HDI Ranking 160 



Modeling the Impact of Family Planning and Other Women-Centered Interventions on Development 

15 
 

countries at much higher levels of development than Mali. The indicators for female and male expected 
years of completed education are also assumed to improve for both sexes and reach parity by 2050. The 
simulated improvements of some three years for girls and a little more than two years for boys would put 
Mali, in 2050, at a level similar to Malawi or Morocco. We looked at the relationship across 176 countries 
and determined that this level was consistent with the projected expected years of education.  
 
The women’s empowerment indicator—percentage of women who agree that wife beating is justified—is 
assumed to fall from 75.2 percent to 40 percent by the end of the simulation period. Finally, the scenario 
titled “combined” puts the “FP-only” and “women-centered” scenarios together. 
 
Scenario Results 
Demographic Indicators 
Table 9 shows the results for the demographic indicators of the three policy scenarios. We do not report 
the base scenario here. As we might expect, only the women-centered and combined scenarios have any 
effect on the percentage of women who are married because that indicator is influenced solely by the 
expected years of schooling among girls.  
 
In terms of contraceptive use, we see that under the FP-only scenario, the CPR increases from 8.2 percent 
to nearly 25 percent. While this may not seem like a lot over a 40-year period, the recent history of Mali 
has shown virtually no change in the CPR and this represents an increase of 0.4 CPR points a year, which 
is close to the sub-Saharan Africa average change in the past decade. Under the women-centered scenario, 
the CPR increases to 17.7 percent. This is because the CPR is a function of two women-centered 
indicators: acceptance of gender-based violence and the female mean years of education. Of interest is the 
combined scenario because the end year CPR is actually higher than the sum of the FP-only and women-
centered strategies, so there are complementarities reflected from the fact that both strategies have a direct 
influence on the CPR.  
 
Regarding the impact on fertility (TFR), we see that the women-centered strategy has a slightly more 
pronounced effect on TFR than the FP-only strategy. The FP strategy’s effect on TFR is direct through 
the influence of the change in CPR, as described in the Bongaarts model. The women-centered strategy 
acts on TFR through the both the CPR and the percentage of women married. We see that the combined 
strategy results in a TFR of close to replacement level at 2.4 in 2050. 
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Table 9. Scenario Results of Demographic Indicators (Mali) 

  
  

% Married CPR TFR 

FP Only Women- 
Centered 

Combined FP Only Women- 
Centered 

Combined FP Only Women- 
Centered 

Combined 

2010 84.8 84.8 84.8 8.2 8.2 8.2 6.6 6.6 6.6 

2015 84.8 82.9 82.9 9.8 9.7 11.6 6.3 6.3 6.1 

2020 84.8 81.1 81.1 11.6 10.9 15.5 6.1 6.1 5.6 

2025 84.8 79.4 79.4 13.4 12.2 19.9 5.8 5.9 5.0 

2030 84.8 77.8 77.8 15.4 13.3 25.1 5.6 5.7 4.5 

2035 84.8 76.3 76.3 17.6 14.4 30.9 5.3 5.5 3.9 

2040 84.8 74.8 74.8 19.8 15.5 37.5 5.1 5.3 3.5 

2045 84.8 73.4 73.4 22.2 16.6 44.9 4.8 5.2 2.9 

2050 84.8 72.1 72.1 24.6 17.7 53.3 4.6 5.0 2.4 
 
Births at Risk 
In Table 10, we see the impacts of each scenario on the proportion of births at risk. Recall that this 
indicator is important in terms of determining infant, under-five, and maternal mortality rates. The TFR is 
the main influence here, so the effects of each scenario are indirect. We see that the impact on births at 
risk follows the impact on the TFR and that in the combined scenario, significantly fewer births are at 
risk, especially in the final years. 
 

Table 10. Projected Births at Risk (Mali) 

  
FP Only Women 

Strategy 
Combined 

2010 68% 68% 68% 

2015 67% 67% 66% 

2020 66% 66% 63% 

2025 64% 65% 60% 

2030 63% 64% 57% 

2035 62% 63% 55% 

2040 60% 62% 52% 

2045 59% 61% 49% 

2050 58% 60% 46% 
 
Mortality 
The impact of births at risk on IMR, U5MR, and life expectancy at birth can be seen in Table 11. The 
impacts of each scenario mirror their impacts on births at risk. So we see that the women-centered 
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strategy has the smallest effect, reducing the IMR, for example to 83 in 2050 from 96 in 2010, while the 
FP-only strategy has a slightly greater effect by reducing the IMR to 80 in 2050. The combined strategy, 
however, decreases the IMR to 62, almost doubling the reduction from the base year. Similar results are 
seen in under-five mortality. The impacts of each strategy on life expectancy at birth have the same 
ranking but the impact is more muted. 
 

Table 11. Projected IMR, U5MR, and Life Expectancy (Mali) 

  
  

IMR U5MR Life Expectancy 
FP 

Only 
Women 
Strategy 

Combined FP 
Only 

Women 
Strategy 

Combined FP 
Only 

Women 
Strategy 

Combined 

2010 96 96 96 191 191 191 48.8 48.8 48.8 

2015 94 94 92 186 186 181 49.1 49.0 49.3 

2020 92 92 88 181 181 170 49.3 49.3 49.9 

2025 90 90 83 176 177 160 49.6 49.5 50.5 

2030 88 89 79 171 173 149 49.9 49.7 51.1 

2035 86 87 75 165 169 139 50.1 49.9 51.9 

2040 84 86 71 160 166 128 50.4 50.1 52.6 

2045 82 85 66 156 162 117 50.7 50.3 53.5 

2050 80 83 62 151 159 106 51.1 50.5 54.6 
 
The maternal mortality ratio is also affected by the births at risk. Table 12 shows the evolution of the 
MMR under each scenario. The differences between the FP only and women-centered strategies are not 
pronounced since the percentage of births at risk under these two scenarios are not that different, with the 
MMR falling from 464 to 442 and 443, respectively. The combined scenario, however, projects a lower 
ratio of 417 by 2050. 
 

Table12. Maternal Mortality Ratio (Mali) 

  
  

MMR 
FP Only Women Strategy Combined 

2010 464 464 464 

2015 461 460 458 

2020 458 457 453 

2025 456 454 447 

2030 453 452 441 

2035 450 449 435 

2040 447 447 429 

2045 444 445 423 

2050 442 443 417 
 



Sample Results from an Application in Mali 
 

18 
 

Population Effects 
Economic impacts. The main economic indicators are capital investment per capita, GDP per capita, 
and the HDI (see Table 13). For expository reasons, we report the HDI ranking of Mali under each 
scenario relative to other countries in the base year. Of course, during the 40-year simulation period, the 
HDI of other countries may change and with it their own ranking. 
 

Table 13. Projected Economic Indicators and HDI Ranking (Mali) 

 
 

Capital per Capita GDP/pop HDI Ranking 

FP 
Only 

Women 
Strategy 

Combined FP 
Only 

Women 
Strategy 

Combined FP 
Only 

Women 
Strategy 

Combined 

2010 $252 $252 $252 $1,171 $1,171 $ 1,171 161 161 161 

2015 $251 $295 $292 $1,174 $1,458 $1,448 160 157 157 

2020 $253 $371 $377 $1,184 $1,851 $1,871 160 155 155 

2025 $258 $464 $483 $1,205 $2,303 $2,363 159 154 153 

2030 $272 $584 $ 637 $1,253 $2,843 $3,004 158 146 144 

2035 $287 $711 $810 $1,303 $3,405 $3,700 158 143 135 

2040 $298 $838 $995 $ 1,340 $3,970 $4,427 158 133 132 

2045 $307 $966 $1,212 $1,371 $4,543 $ 5,241 158 132 128 

2050 $317 $1,117 $1,491 $1,406 $5,183 $ 6,219 157 129 121 
 
Population impacts. The impact on population is shown in Table 14. Due mainly to effects on fertility 
of each scenario, we see the impacts on the projected total population of Mali up to 2050. Under the FP-
only scenario, total population is projected to reach 47.4 million in 2050, while the women-centered 
scenario results in a lower projected population of 43.5 million. Combining the FP and women-centered 
scenarios results in an even lower 2050 population of approximately 36 million—some 11 million fewer 
than the FP-only scenario.  
 
It is interesting to compare these projections to the latest three UN variants;65 the high-fertility, medium, 
and low variants predict a population of 46.7 million, 42.1 million, and 37.7 million, respectively. Thus, 
the FP-only scenario is similar to the high-fertility variant, the women-centered to the medium variant, 
and the combined to the low variant. 
 

Table 14. Projected Population under Three Scenarios (Mali) 

  
  

Total Population 
FP Only Women-

centered 
Combined 

2010 15,395,200 15,395,200 15,395,200 
2015 18,099,498 18,041,131 17,969,825 

2020 21,012,361 20,805,600 20,533,877 

2025 24,238,568 23,793,556 23,161,113 

2030 27,865,066 27,080,428 25,878,012 
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2035 31,983,113 30,726,776 28,664,646 

2040 36,633,161 34,732,597 31,422,249 

2045 41,790,587 39,034,144 33,988,047 

2050 47,381,115 43,536,658 36,188,668 
 
Combining the population projections with the changes in the mortality rates allows us to calculate the 
impact on infant, under-five, and maternal deaths. In Table 15, we see how the scenarios affect 
cumulative deaths averted. 
 

Table 15. Deaths Averted Under Different Scenarios (Mali) 

 Infant Deaths Averted U5 Deaths Averted Maternal Deaths Averted 
FP Only Women 

Strategy 
Combined FP Only Women 

Strategy 
Combined FP 

Only 
Women 
strategy 

Combined 

2010 - - - - - - - - - 
2015 307,472 310,401 312,827 553,572 557,201 565,476 511 643 1,030 
2020 350,022 370,846 413,764 628,338 658,657 738,816 2,037 2,471 4,088 
2025 427,511 476,033 590,704 768,394 841,830 1,052,846 4,845 5,685 9,700 
2030 549,943 635,789 860,512 991,273 1,122,919 1,535,968 9,299 10,581 18,577 

2035 733,768 868,307 1,251,461 1,325,744 1,532,452 2,236,438 15,965 17,666 31,776 

2040 1,001,359 1,198,701 1,799,090 1,811,780 2,114,116 3,216,809 25,622 27,657 50,651 

2045 1,378,881 1,655,591 2,563,022 2,497,615 2,919,898 4,597,300 39,267 41,471 76,801 

2050 1,893,076 2,266,266 3,527,483 3,432,447 3,999,855 6,326,035 58,012 60,077 111,857 

 
Conclusions 
The application of the model to the data in Mali shows clearly that synergies can be realized when family 
planning and women-centered strategies are implemented together. The contraceptive prevalence rate is 
nearly two times greater under the combined scenario, compared with the FP-only scenario, with parallel 
impacts on fertility rates. This, in turn, has consequences for the percentage of births at risk and for early 
childhood and maternal mortality; the combined scenario results in significantly lower infant, under-five, 
and maternal mortality rates when compared with either the FP-only or women-centered scenarios alone. 
 
The model also shows that in the economic sphere, family planning has a modest impact on per capita 
income, but women-centered strategies, acting primarily through education, have significant effects that 
are amplified under a combined strategy. Consequently, Mali’s HDI ranking benefits more under a 
combined strategy when compared with the FP-only or women-centered strategies. 
 
Clearly, the strategies considered in the model and simulated in the case of Mali can be expected to 
benefit Mali. The model also shows that women-centered strategies, such as girls’ education or changes in 
gender norms, should be seen as complementary to, and not substitutes for, efforts to provide family 
planning. Therefore, to the extent possible, countries like Mali should simultaneously implement 
strategies that benefit women through family planning, girls’ education, and favorable gender norms in 
order to maximize impacts on the quality of life. 
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USING THE RAPID/WOMEN COMPUTER MODEL 
 
The current version of RAPID/Women uses a hybrid software approach that combines an Excel model 
with the DemProj component of Spectrum.66  Figure 4 shows how the two models are linked. To 
complete a projection, three steps are involved: 

1. Initially, users complete data entry in Excel for values of the policy and program inputs shown in 
Figure 2a, as well as GDP per capita and investment, during the baseline year. Users also input 
target values for the education, women’s empowerment, and family planning indicators in the 
final projection year under four different policy scenarios. The Excel model then uses these 
baseline and projected values to calculate the demographic outputs of TFR and life expectancy.  

2. The user links the Excel model to DemProj, which uses TFR and life expectancy at birth to 
project the population over the time period specified in the model. 

3. Key population variables calculated by DemProj subsequently are used to calculate GDPPC and 
impacts on child and maternal mortality. The HDI is also calculated during this step. 

 
Figure 4. RAPID/Women Computer Model Structure 

 

Excel Model Spectrum/Demproj 
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Using the Model 
The Excel-based model has sheets set up for different functional areas. The model is currently 
programmed so that one can have four scenarios. One of these is the base scenario and is meant to be a 
scenario where everything stays the same—that is, all variables remain constant. The three other scenarios 
are user-defined. If the user prefers, the base scenario can also be used to represent a user-defined 
scenario that reflects changes in input or control variables. Each scenario is given a name. 
 
The Excel model is programmed so that there is a master control worksheet (called Control) where the 
user enters the initial base-year values of all the model’s variables and also defines the end values of the 
input or control variables. There are four worksheets that solve the model for each scenario: Base, Policy-
1, Policy-2, and Policy-3. There are two worksheets used as intermediary worksheets to handle the data 
flow between the Excel model and DemProj: ToDemproj and Population. The user does not have to enter 
data into these worksheets. There is also a worksheet that calculates child and infant deaths and a 
worksheet that calculates maternal deaths. Lastly, there are several worksheets that have graphs of the 
model’s main variables. 
 
Step 1: Establish Initial Values 
The first step a user needs to do is to enter the initial year (baseline) values for the inputs and main 
outputs of the model. This takes place in Row 4 of the Excel sheet called Control (see Figure 5). 
 

Figure 5. Initializing the model’s inputs and main outputs 

  
Inputs 

  
EDUCATION 

Women's 
Empowerment Family Planning 

Scenario 
Name Value in: 

Expected 
Yrs Female  

Expected 
Yrs Male 

Mean 
Yrs 
Female 

Mean 
Yrs Male 

Wife Beating 
Justified 

Access 
Indx PPI Sterility 

 
2010 9 9 4.46 5.76 53.5 10.6 11.4 1 

Base 2050 9 9 4.46 5.76 53.5 10.6 11.4 1 
 
 

 
Initial Values of Calculated Variables 

  %Married CPR TFR Births @ Risk IMR U5MR MMR 

Female 
Life 

Expectancy Investment/POP GDP/pop 
Base 
Year 63.3 34.4 5.4 56% 51 81 454 56.2 238 1433 

 
These are the only values for which the user needs to locate data. To assist the user in setting up the 
model, we have provided a database of the model that was used to establish the behavioral equations. 
(File: RW data 3-1-12.xlsx).  Some of these data may have evolved or been revised, so it is recommended 
to verify the most current version of the sources cited in the database. 
 
Step 2: Define Policy Scenarios 
The second step is to establish the four policy scenarios. Figure 6 gives an example using data from Mali. 
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Figure 6. Policy Scenarios 

  
Inputs 

  
EDUCATION 

Women's 
Empowerment Family Planning 

Scenario Name 
Value 
in: 

Expected 
Yrs 
Female  

Expected 
Yrs Male 

Mean 
Yrs 
Female 

Mean 
Yrs 
Male 

Wife Beating 
Justified 

Access 
Indx PPI Sterility 

 
2010 9 9 4.46 5.76 53.5 10.6 11.4 1 

Base 2050 9 9 4.46 5.76 53.5 10.6 11.4 1 

  
                

WomenStrat+FP 2050 11 11 8.9 8.9 28.5 18 11.4 1 

  
                

WomenStrat 2050 11 11 8.9 8.9 28.5 10.6 11.4 1 

          FP 2050 9 9 4.46 5.76 53.5 18 11.4 1 
 
In the example shown in Figure 6, the base scenario simply holds all program variables constant over the 
time period of the projection, as described above. The outputs of this scenario inform the user what 
demographic, health, and development changes could be expected with no changes in the current policy 
environment. The scenario labeled “WomenStrat+ FP” corresponds to the worksheet labeled Policy-1, 
which shows the model’s calculations for this scenario. Similarly, the scenario labeled “WomenStrat,” is 
Policy-2, and “FP” is Policy 3 (FP-only). The names given to the scenarios here are used to label the 
results in the graphs. 
 
To set up a scenario, the user specifies an end value for each of the six policy indicators in the end year of 
the projection. In the Excel model, the final year default is set at 2050.67 The model interpolates linearly 
between the initial year (here, given as 2010) and the final year (2050.) In a later section, we discuss 
strategies for defining target endline values. 
 
Users must also input values for the difference between male and female life expectancy at birth (this can 
be found in the United Nations World Population Prospects). The model assumes that this difference 
remains constant. It is normal that male life expectancy is lower than female life expectancy. Also the 
user must specify the labor force participation rate of the adult population (available from the 
International Labor Organization),which is also assumed to be constant (see Figure 7). 
 

Figure 7. Labor Force Participation and Male and Female Life Expectancy 
Labor Force Participation Rate 0.49 

  Female-Male LE difference 1.6 
 
 
Step 3: Project the Population  
The third step is to run DemProj to perform population projections using the Excel model’s outputs for 
life expectancy and fertility as inputs. Several key demographic variables are then exported back to the 
Excel model from DemProj using the RAPID Transfer option in Spectrum. The first step is to open 
Spectrum (see Figure 8). 
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Figure 8 

 
 
 
Unlike other Spectrum applications, the user should not open any Spectrum files or create any at this 
stage. Next, on the Tools page, select RAPID Transfer (see Figure 9): 
 

 Figure 9 
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Once RAPID Transfer is opened, select a country by clicking all four scenarios for the country chosen 
and select the RAPID/Women Excel file to be used (see Figure 10). 
 

Figure 10 

 
 
Once this step is completed, click on “Calc.” RAPID Transfer will run the four population projections by 
reading the TFRs and life expectancies from the Excel model for each scenario from the worksheet called 
“To Demproj” and will transfer the required demographic outputs for each scenario back to the Excel 
model in the worksheet called “Population.” There is no need to open DemProj. 
 
As noted above, when using the RAPID Transfer option in Spectrum, no Spectrum files can be open. 
However, if the user wishes to open the Spectrum projections after the calculations are made, check the 
box at the bottom of the page before the clicking on the “Calc” button (see Figure 10). 
 
Step 4: View the Results 
Users can view the results by looking at the projections in each of the calculated worksheets (Base, 
Policy-1, Policy 2, Policy-3, Child Survival, and Maternal Mortality). Or the user can view some of the 
major outputs with the provided graphs; Figure 11 shows these outputs. 
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Figure 11: Sample Output 

 
 
 
Defining Scenarios 
An important step in using the model is defining the three policy scenarios. As discussed above, this 
consists of defining final year values for the four education indicators, the women’s empowerment 
indicator, and the three family planning indicators. In this section, we address strategies for setting 
objectives or targets.  
 
In general, there are several approaches to establishing targets: 

• Use established long-term goals (such as the Millennium Development Goals) 
• Base the target on past performance (of a program, increasing by X percent) 
• Emulate a high performer (a stellar program nearby) 
• Determine what is feasible (financial, human resources, local population) 

 
Ideally, as with any model, the choice of approach and the actual targets should be developed in 
consultation with local participants or partners.  
 
As an aid to users in considering reasonable and achievable targets for the education indicators  and the 
gender-based violence indicators, we present some relationships between these and GDP per capita and 
between the two education indicators, based on the international cross-section data that we used to 
estimate the model’s equations.  
 
In Figure 12, we see the relationship between expected years of completed schooling for girls and GDP 
per capita. The black line is a curve showing the relationship. 
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Figure 12. Expected Years of Schooling—Females 

 
 
Figure 13 likewise shows the relationship between the average years of schooling among females age 25 
and older and GDP per capita. 
 

Figure 13. Mean Number of Years of Schooling—Females >25 
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In Figure 14, we see how these two education variables compare cross-sectionally. Of course, the number 
of years of schooling attained by women age 25 and older will be a function of their schooling experience 
when they were younger. Ideally, one would have a model that links these two together dynamically, but 
that is beyond the scope of RAPID/Women. 
 

Figure 14. Relationship between Two Education Indicators 

 
 
Next, in Figure 15, we show how GDP per capita and the gender-based violence indicator are related. The 
fitted curve indicates a tendency for acceptance of gender-based violence to decline with the level of 
development, as measured by GDP per capita—although the scattergram indicates quite a range. 
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Figure 15. Percent of Women Who Agree that Wife Beating Is Justified 

 
 
Finally, in Figure 16, we show how the family planning access score varies with GDP per capita. There is 
a slight tendency for the score to increase with development, but the relationship is weak. 
 

Figure 16. Family Planning Access Score 
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