
Global Environmental Change 80 (2023) 102677

Available online 30 April 2023
0959-3780/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Investigating the relationship between growing season quality and 
childbearing goals 

Nina Brooks a,*, Kathryn Grace b,c, Devon Kristiansen c, Shraddhanand Shukla d, Molly E. Brown e 

a School of Public Policy, University of Connecticut, Hartford, CT 06103, United States 
b Department of Geography, Environment, and Society, University of Minnesota, Minneapolis, MN 55455, United States 
c Institute for Social Research and Data Innovation, University of Minnesota, Minneapolis, MN 55455, United States 
d Climate Hazards Center, Department of Geography, University of California Santa Barbara, CA 93106, United States 
e Department of Geographical Sciences, University of Maryland, College Park, MD 20742, United States   

A R T I C L E  I N F O   

Keywords: 
Reproductive health 
Childbearing goals 
Climate change 
Agricultural variability 
Sub-Saharan Africa 

A B S T R A C T   

Agricultural production and household food security are hypothesized to play a critical role connecting climate 
change to downstream effects on women’s health, especially in communities dependent on rainfed agriculture. 
Seasonal variability in agriculture strains food and income resources and makes it a challenging time for 
households to manage a pregnancy or afford a new child. Yet, there are few direct assessments of the role locally 
varying agricultural quality plays on women’s health, especially reproductive health. In this paper we build on 
and integrate ideas from past studies focused on climate change and growing season quality in low-income 
countries with those on reproductive health to examine how variation in local seasonal agricultural quality 
relates to childbearing goals and family planning use in three countries in sub-Saharan Africa: Burkina Faso, 
Kenya, and Uganda. We use rich, spatially referenced data from the Performance Monitoring for Action (PMA) 
individual surveys with detailed information on childbearing preferences and family planning decisions. Building 
on recent advances in remote monitoring of seasonal agriculture, we construct multiple vegetation measures 
capturing different dimensions of growing season conditions across varying time frames. Results for the Kenya 
sample indicate that if the recent growing season is better a woman is more likely to want a child in the future. In 
Uganda, when the growing season conditions are better, women prefer to shorten the time until their next birth 
and are also more likely to discontinue using family planning. Additional analyses reveal the importance of 
education and birth spacing in moderating these findings. Overall, our findings suggest that, in some settings, 
women strategically respond to growing season conditions by adjusting fertility aspirations or family planning 
use. This study also highlights the importance of operationalizing agriculture in nuanced ways that align with 
women’s lives to better understand how women are impacted by and respond to seasonal climate conditions.   

1. Introduction 

Poor women living in poor, agriculturally dependent countries face 
unique challenges associated with climate change. A growing body of 
empirical literature examines climate impacts on women’s lives with a 
particular focus on reproductive and child health outcomes using 
spatially referenced population survey data combined with highly 
detailed climate and vegetation data (Bakhtsiyarava et al., 2018; Cooper 
et al., 2019a; Cooper et al., 2019b; Davenport et al., 2020; Dimitrova, 
2021; Eissler et al., 2019; Sellers and Gray, 2019; Thiede and Gray, 
2020). 

Of the studies that specifically examine issues related to reproductive 

health and fertility, the focus is generally on the impact of extreme or 
anomalous temperature or precipitation events on pregnancy outcomes 
like preterm birth, low-birthweight, and miscarriage (Davenport et al., 
2020), fertility goals or family planning behavior (Eissler et al., 2019; 
Sellers and Gray, 2019), and pregnancies (Barreca et al., 2018; Barreca 
and Schaller, 2020). This growing literature conceptually maps out the 
mechanisms linking climate change to women’s lives usually by exam-
ining how temperature and precipitation anomalies (e.g., z-scores) can 
impact fertility behaviors and outcomes. 

Although results are inconsistent and somewhat inconclusive, the 
existing evidence shows that one of the most important channels con-
necting climate and fertility in low income countries, operates through 
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agricultural production and the consequent impacts on household food 
security and associated labor demands or health shocks (Eissler et al., 
2019; Sellers and Gray, 2019). Despite this growing empirical attention 
to climate change impacts on fertility and the unique importance of 
agricultural production, there are only a few recent direct assessments of 
the role local agricultural production plays on fertility and reproductive 
health (Alam and Pörtner, 2018; Grace, 2017; Panter-Brick, 1996; Sas-
son and Weinreb, 2017). As climate change brings more variable tem-
perature and precipitation, loss of arable land, and variable and 
inconsistent local seasonal agricultural productivity, it is important to 
improve our understanding of how experiencing environmental shocks 
affects individual-level outcomes and preferences, with a particular 
emphasis on the unique needs of women in these settings (Lau et al., 
2021; Rao et al., 2019). 

In this paper we build on and integrate ideas from past studies 
focused on climate change and growing season quality in low-income 
countries with those on reproductive health to examine how variation 
in local growing season quality relates to fertility goals and family 
planning use in three countries in sub-Saharan Africa: Burkina Faso, 
Kenya, and Uganda. We use rich, spatially referenced data from the 
Performance Monitoring for Action (PMA) household surveys with 
detailed information on individual-level fertility goals and the timing of 
family planning decisions. We include measures of growing season 
conditions across different time frames using fine-scale remotely sensed 
data, to better understand the fertility decision making process as it 
relates to dynamic growing season conditions. Finally, we examine 
heterogeneous effects by individual-level characteristics to expand sci-
entific and policy understanding of family planning needs in a context of 
climate variability and food insecurity. With an explicit empirical focus 
on the agricultural-fertility pathway and attention to locally relevant 
measures of seasonal production, this research expands the small but 
growing literature focusing on the specific impacts of climate and 
agricultural variability on women’s lives (Lama et al., 2020; Lau et al., 
2021). 

2. Background 

2.1. Community-level growing season quality 

Food security researchers continue to work to understand the im-
pacts of climate change on seasonal food production and the resulting 
impacts on individual- and community-level food security (Brown et al., 
2020). For example, within this area of research, results suggest that 
changes to the start of the growing season and the intensity and vari-
ability of rainfall at key time periods during the primary growing season 
are potentially important weather features that can indicate impending 
food shortages and food insecurity (Brown and de Beurs, 2008; Daven-
port et al., 2021; Husak et al., 2013; Shukla et al., 2021). Much of this 
research also increasingly incorporates farmer or local perceptions of 
growing season quality to better understand how community-members 
themselves perceive and respond to an impending poor harvest season 
and consequent food security (Ayanlade et al., 2017; Osgood et al., 
2018; Ovuka and Lindqvist, 2000). Although food insecurity in subsis-
tence farming settings often occurs chronically and seasonally, during 
the hunger season – the period when a household has depleted food 
stores from the past year’s harvest but is not yet ready to harvest for the 
current year – the severity of the hunger season can vary based on the 
quality of the preceding year’s production (Becquey et al., 2012; Handa 
and Mlay, 2006; Hill et al., 2019; Jiggins, 1986; Vaitla et al., 2009). Even 
for households that are not directly engaged in agricultural production, 
a poor growing season can mark a general shortage of locally available 
food staples and higher prices and fewer wage earning opportunities 
(Blackmore, 2021; Vaitla et al., 2009). 

This body of literature has identified a range of different coping 
strategies. For example, households may strategically ration their food 
resources across individual members, they may sell livestock or other 

household goods, they may reduce household expenses associated with 
schooling, and they may also lean on family networks for financial 
support (Alam and Pörtner, 2018; Hill et al., 2019; Randell and Gray, 
2019). In some settings, domestic organization of kin-networks, house-
holds, and communities shifts according to seasonal and resource needs. 
Family networks (which may include multiple generations and multiple 
households) may strategically send some individuals to urban areas for 
seasonal work during periods where there are fewer labor demands 
(Findley, 1994; Hampshire, 2006; Hertrich and Lesclingand, 2012). 

These seasonal changes in agricultural conditions and household 
adaptation strategies have implications for childbearing outcomes and 
goals (Alam and Pörtner, 2018; Grace, 2017; Grace et al., 2017; Jiggins, 
1986). One potential channel is through household labor needs. During 
harvest periods, labor demands may be highest, while the hunger season 
is also at its most severe resulting in nutritional deficiencies (Hill et al., 
2019; Vaitla et al., 2009). Women may wish to avoid pregnancies or 
breastfeeding during this time or spend more time apart from partners 
due to differing household and agricultural responsibilities (Panter- 
Brick, 1996; Randell et al., 2021). Additionally, a bad growing season 
could result in more seasonal migration for work opportunities, which in 
turn delays sexual activity and conception (Eissler et al., 2019; Panter- 
Brick, 1996; Sellers and Gray, 2019). Seasonal agricultural production 
also influences household-level resources, which in turn may affect 
preferences around ideal family size. A particularly good growing season 
may change perceptions about the future and increase desired family 
size, since a larger family could be financially supported (Eissler et al., 
2019; Sasson and Weinreb, 2017). In contrast, a bad growing season 
may affect resources available for health care (Hill et al., 2019) possibly 
resulting in families avoiding pregnancies to reduce prenatal care and 
delivery costs. 

Although understudied, it is also possible that other aspects of do-
mestic organization and planning, including reproductive health be-
haviors and childbearing goals, may also be modified to optimize 
household resources while achieving goals (Hampshire, 2006). Thus, 
choices around timing pregnancies may be part of an explicit household 
adaptation strategy in response to changing agricultural conditions and 
resource availability. While it is often assumed that women and couples 
strategically time pregnancies around individual/household needs in 
high-income settings (Sobotka et al., 2011; Van Bavel, 2010; Van Bavel 
and Klesment, 2017), much less attention has been given to changing 
childbearing goals and timing as an outcome of resource insecurity in 
low-income countries. Many questions remain as to the actual drivers 
underlying the relationship between fertility, food security and agri-
cultural production in developing country settings, and in particular 
questions around childbearing goals, timing, and contraceptive use. 

2.2. Fertility goals and family planning use 

Research on women’s fertility is vast and complex. A major theme in 
this area of research is contraceptive use and access as well as child-
bearing preferences, goals, and aspirations (Bongaarts, 2011; Choi et al., 
2016; Ross and Stover, 2013; Trinitapoli and Yeatman, 2018). While 
spatially oriented and community-level studies do exist (Brauner-Otto 
et al., 2007; Yao et al., 2012), attention to community-relevant seasonal 
agricultural variation as it relates to contraceptive use or childbearing 
goals is uncommon (Grace, 2017). Other aspects of fertility research, 
including studies set in high income countries, are more commonly 
evaluated with a seasonal lens, namely those aspects related to 
conception and pregnancy/birth timing (Barreca et al., 2018; Dorélien, 
2016; Lam and Miron, 1991). From this research, results suggest that 
births occur following a seasonal pattern, which indicates that there are 
either behaviors (e.g., sexual behavior) or aspects of biology (e.g., semen 
quality) that respond to seasonal characteristics and influence births. 
The linkages between food insecurity and energetic demands (some-
times more intense during repeated hunger seasons) was addressed by 
demographers in the 1980 s and 1990 s with a focus on nutritional 
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impacts on fecundity and fertility in small, rural communities (Bon-
gaarts, 1980; Mosher, 1979; Panter-Brick, 1996) where the transition 
from high to low fertility was often in its nascent stages and “modern” 
methods of family planning were not used. The results from this litera-
ture show that in some cases—when women lose weight during the 
period of intense agricultural labor demands—fecundity may be 
reduced in the short-term (Panter-Brick, 1996). Additionally, re-
searchers noted how considering the timing of the growing season was 
an important aspect of the timing of childbearing (Mosher, 1979). While 
the emphasis on nutrition implies a direct relationship with food secu-
rity and agricultural production, this research rarely linked seasonally 
varying environmental conditions to seasonal fertility and certainly was 
not conducted with large samples across a range of countries (Grace and 
Nagle, 2015). 

More recently, larger scale research by Eissler and colleagues (2019) 
and Sellers and Gray (2019) suggests the potential for contraceptive use 
and childbearing goals to be influenced or impacted by local environ-
mental conditions. Each study carefully outlines a range of potential 
mechanisms that might connect environmental variability with varia-
tion in reproductive health outcomes, goals, and contraceptive use. 
Echoing and synthesizing related scholarship, their linkages feature both 
behavioral and biological mechanisms that might underlie a climate - 
reproductive health connection. Notably, Eissler and colleagues explic-
itly focus on fertility goals (rather than specific health outcomes) and 
build on the work of Trinitapoli and Yeatman (2018) to include in their 
framework the potential for insecurity and variability in conditions to 
modify individual fertility goals and contraceptive behaviors. Fertility 
preferences and contraceptive use are crucial determinants of fertility 
outcomes, yet individuals may not be able to attain desired outcomes 
due to a variety of factors, such as access, availability, and affordability 
of contraceptives (Trinitapoli and Yeatman, 2018). While other research 
on contraceptive use behaviors has also examined the ways insecurity in 
conditions may shift how women incorporate contraception into their 
lives (Bledsoe et al., 1998), explicitly considering food and agricultural 
insecurity with regard to reproductive health goals is uncommon (Grace, 
2017). 

Here, we advance the research of contraceptive use and fertility goals 
and seasonal environmental influences on women’s lives and health. We 
expand the existing research by merging health data with established, 
fine-scale remotely sensed proxy measures of agricultural production, 
with the use of growing season calendars, to develop locally relevant 
measures of growing season quality for each community. Thus, we are 
able to more directly evaluate the impact of growing season quality and 
at a community-relevant spatial scale (as opposed to coarser climate 
data). Additionally, we explicitly evaluate the impact of the two most 
recent growing seasons to help illuminate the relevant exposure win-
dows that may influence behaviors and goals. Finally, our analysis as-
sesses several dimensions of fertility preferences and contraceptive use 
to provide a nuanced perspective on changing goals and behaviors. 

3. Study setting 

We focus on three sub-Saharan African countries: Burkina Faso, 
Kenya, and Uganda. These countries have important commonalities 
relevant to this analysis – food insecurity is high and linked to annual 
and seasonal weather variations, as around 70% of the population is 
dependent on food and income derived from rainfed agriculture (FAO’s 
Food and Agriculture Policy Decision Analysis (FADPA), 2015a, 2014). 
However, in each country, there is significant subnational variation in 
exposure to food insecurity linked to spatially varying rainfall patterns, 
infrastructure, and development. In Kenya and Uganda, for example, 
while much of the population resides in communities with relatively 
high levels of consistent rainfall, a substantial portion of the population 
lives in more marginal farming areas with increasingly inconsistent 
rainfall. For Burkina Faso, which is in the Sahel, where the climate and 
topography are significantly different from Kenya and Uganda, farmers 

consistently and reliably produce more agriculture than other areas 
within the country. These different growing and producing conditions 
are often associated with varying food insecurity risks and 
vulnerabilities. 

In Burkina Faso, the growing season runs from mid-May to October 
and the primary harvest begins in September (Famine Early Warning 
Systems Network, 2021a). Kenya and Uganda are characterized by sub- 
national differences in growing seasons. In Kenya, the eastern and 
northern regions have a short rainy (growing) season, as well as a longer 
growing season from mid-March to June, while the western and Rift 
Valley regions have a single, long growing season that spans mid- 
February to mid-August (Famine Early Warning Systems Network, 
2021b). In Uganda, the majority of the country is described as bimodal, 
with the first growing season running from March to June and a second 
(shorter) season that begins in mid-August and lasts until December. In 
the Karamoja region of Uganda, which is in the northeast, a single 
growing season spans April to October (Famine Early Warning Systems 
Network, 2021c). Our analysis will leverage this spatial variation in the 
timing of growing seasons and local differences in the quality of seasonal 
agricultural production. Table 1 summarizes the growing seasons for 
each country included in this study. 

4. Data & measures 

4.1. Fertility intentions and family planning use 

To conduct this analysis, we use IPUMS PMA data from Burkina Faso, 
Kenya, and Uganda from the 2016, 2017 and 2018 survey rounds for 
which GPS data are available (see Table 2). IPUMS PMA is the integrated 
version of the Performance Monitoring for Action data. These surveys 
contain highly detailed information on women’s contraceptive use (type 
and timing) as well as pregnancies, pregnancy intentions and desired 
family size. The recall questions regarding family planning use allow us 
to construct a retrospective picture of contraceptive use for the 12 
months prior to each woman’s interview. The PMA data used in this 
analysis include displaced GPS latitude and longitude coordinates for 

the geographic centroid of each of the primary sampling units 
(enumeration area, or EA) sampled in select survey rounds. In contrast 
to the widely used Demographic and Health Surveys, PMA surveys 

Table 1 
Growing season timing and PMA surveys by country.  

Country Region Growing (Rainy) 
Season 

PMA Survey Waves & 
Interview timing 

Burkina 
Faso 

Entire 
Country 

May-Oct 2017: Nov 2017-Jan 2018  

2018: Dec 2018 - Jan 
2019 

Kenya West & Rift 
Valley 

Mid-Feb - mid-Aug 2016: Nov-Dec  

2017: Nov-Dec 
2018: Dec 2018 - Jan 
2019 

East & North Mid-Oct - mid-Dec 
East & North Mid-Mar - mid-June 

(longer season) 
Uganda Karamoja Apr - Sep 2017: Apr-Jun  

2018: Apr-Jun 
Rest of 
country 

Mar - Jun (first 
season) 

Rest of 
country 

Mid-Aug - Nov 
(second season) 

Notes: Growing season calendars are from the Famine Early Warning Systems 
Network (https://fews.net/). For Uganda and Kenya, where different regions 
have different growing seasons, we identify which region the PMA enumeration 
area centroid falls into and use the primary or longest growing season for the 
analysis. 
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countries every year and resamples the same EAs in each survey round;1 

thus, the data are longitudinal at the EA-level, allowing us to observe the 
same EA under different agricultural conditions, which is central to our 
fixed effects econometric strategy. The GPS points were displaced up to 
2 km for urban areas and up to 5 km for rural areas, with 1% of rural EAs 
displaced up to 10 km. However, these data allow us to associate 
vegetation index data (see Growing Season Quality section below) with 
women in these samples with reasonable accuracy. Fig. 1 maps the EA 
centroids in all three countries and Table 1 lists the survey waves and 
timing of interviews for each country. As can be seen in Fig. 1, the 
enumeration areas sampled in Kenya are primarily from the south- 
western region of the country, therefore we refer to the Kenya sample 
throughout this analysis. 

Dependent Variables: Because measuring fertility and childbearing 
preferences is complex (e.g., Trinitapoli and Yeatman, 2018), we 
construct four dependent variables from the PMA data that reflect 
different dimensions of fertility intentions and family planning use: 1) 
fertility preferences, 2) preferred time before having another child, 3) 
starting family planning, and 4) stopping family planning. The fertility 
preferences outcome is derived from a survey question that asks “Would 
you like to have a/another child or would you prefer not to have any / 
any more children?” and is coded as a binary variable that takes a value 
of “1” if the respondent indicated they wanted any or more children. The 
question about preferred time before having another child was only 
asked of respondents who indicated they wanted a child in the future 
and is recorded in months. These first two outcomes are measured at the 
time of interview. 

For outcomes 3 and 4 - the two contraceptive use outcomes, we use 
the detailed information on timing of family planning choices to identify 
whether each respondent started or stopped a method of family planning 
in the 12 months prior to the interview. Because of the level of detail 
collected on family planning use, respondents can both start and stop a 
method of family planning within the one-year time period considered; 
thus, these two outcomes are not mutually exclusive. Our analytic 
sample is restricted to respondents of reproductive age who are married 
or in a union, as the data indicates that pregnancies out of union are not 
very common and out marriage pregnancies are typically unwanted 
(Ameyaw et al., 2019) and remain taboo in much of sub-Saharan Africa 
(Smith-Greenaway, 2016).2 We also excluded any women who were 
unable to conceive (ie., women who reported using sterilization as a 
form of family planning, which included 185 respondents in total across 
all three countries). The initial raw sample contained 32,999 observa-
tions across all three countries (6,844 in Burkina Faso, 17,606 in the 
Kenya sample, and 8,449 in Uganda), after eliminating women who 
could not become pregnant and restricting to only married women, the 
final analytic sample included 20,299 women (see Table 2 for a country- 
specific breakdown). 

Control Variables: We include a selection of control variables that are 
well-known to impact fertility preferences and outcomes: age, parity 
(number of children ever born), household size, respondent’s level of 
education, and household wealth tercile (e.g., Eissler, Thiede, and 
Strube 2019). 

Table 2 presents summary statistics for the primary outcomes and 
control variables derived from the PMA data, separately for each 
country. A majority of respondents desire children in the future, ranging 
from 55% in the Kenya sample to 79% in Uganda. However, of these 
respondents many would like to wait a substantial amount of time before 
their next child, as the average time preferred to wait before the next 
child is more than three years in all countries. These data also indicate 
that women are using family planning to control and time their desired 
fertility, with almost 20% of each sample starting a method and between 
6 and 10% discontinuing a method in the 12 months prior to the 
interview. Note that these measures do not capture overall contraceptive 
prevalence, because they are constructed to identify changes in family 
planning use. Thus, anyone who consistently used/did not use a method 
of family planning in the year preceding the PMA interview would 
appear here as neither starting nor discontinuing family planning. 

4.2. Growing season quality 

We utilize a remotely sensed based measure of vegetation health, the 
Normalized Difference Vegetation Index (NDVI) as a proxy for 
community-level food production and availability. The connection be-
tween NDVI variability and agricultural production has been consis-
tently demonstrated over the past forty years (Bartholome, 1988; 

Table 2 
Summary statistics of outcomes, NDVI variables, and control variables.   

Burkina 
Faso 

Kenya 
Sample 

Uganda 

Outcomes    
Wants children, % (n) 67% 

(3,326) 
55% 
(5,098) 

79% 
(3,495) 

Preferred time to wait before next child 
(months), Mean (SD) 

39 (24) 41 (31) 38 (24) 

Started a methos of family planning, % 
(n) 

21% 
(1,106) 

18% 
(1,872) 

17% 
(798) 

Discontinued family planning, % (n) 10% (528) 6.8% (700) 6.6% 
(310) 

Growing Season Quality    
Subseasonal Max NDVI, Mean (SD) 0.27 (0.10) 0.58 (0.12) 0.62 

(0.11) 
Full Season Max NDVI, Mean (SD) 0.50 (0.12) 0.69 (0.11) 0.69 

(0.10) 
Control Variables    
Age, Mean (SD) 30 (8) 32 (8) 31 (9) 
Children born, % (n)    
0 7.5% (395) 5.2% (532) 7.2% 

(338) 
1 16% (824) 17% 

(1,713) 
17% 
(788) 

2 17% (882) 21% 
(2,142) 

17% 
(798) 

3 14% (717) 19% 
(1,972) 

15% 
(706) 

4 12% (617) 14% 
(1,388) 

13% 
(602) 

5+ 35% 
(1,842) 

24% 
(2,476) 

31% 
(1,482) 

Months since last birth, Mean (SD) 39 (46) 59 (56) 45 (48) 
Household size, Mean (SD) 5.6 (2.8) 5.3 (2.4) 7.5 (4.5) 
Education level, % (n)    
Primary or less 73% 

(3,838) 
59% 
(6,023) 

83% 
(3,903) 

More than primary 27% 
(1,437) 

41% 
(4,213) 

17% 
(810) 

Wealth tercile, % (n)    
Lowest tercile 41% 

(2,175) 
34% 
(3,522) 

31% 
(1,483) 

Middle tercile 30% 
(1,606) 

33% 
(3,371) 

28% 
(1,314) 

Highest tercile 28% 
(1,496) 

33% 
(3,337) 

41% 
(1,916) 

Observations    
Number of Women 5,278 10,236 4,715 
Number of EAs 110 151 83 

Notes: Outcomes and control variables are derived from PMA survey questions. 
NDVI variables are derived from NASA’s MODIS/Terra Vegetation Indices 
Monthly L3 Global 0.05 Deg CMG V061 product. 

1 PMA does however refresh their samples periodically, so all surveys waves 
for a given country are not necessarily the same EAs. In our analysis, we only 
use survey rounds where the EA is sampled at least twice. Refer https://www. 
pmadata.org for more details on the sampling strategy by country and round. 

2 Across the three countries in our sample<6% (Burkina Faso), 16% (Kenya), 
and 11% (Uganda) of pregnancies occur out of marriage/union. 
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Battude et al., 2016; Brown et al., 2014; Rasmussen, 1998, 1997; Vri-
eling et al., 2008). NDVI is a commonly used measure for monitoring 
seasonal quality and is used by international humanitarian agencies for 
early warning systems focused on food aid targeting (Brown et al., 2008; 
Brown and de Beurs, 2008; Stige et al., 2006; Vrieling et al., 2008). NDVI 
also has the advantage of being comparable across regions, consistently 
measured, and available over a long-time period. Using NDVI as a proxy 
for seasonal agricultural quality allows for researchers to be 1) more 
policy relevant through the use of a common measurement approach, 
and 2) address food security research questions in data poor regions 
without any time-varying information about smallholder farmer prac-
tices and local food availability. 

We use NDVI data from NASA’s MODIS/Terra Vegetation Indices 
Monthly L3 Global 0.05 Deg CMG V061 product, available from 2000 to 
the present (Huete et al., 1994). This provides a monthly composite 
vegetation measure with a spatial resolution of 0.05 degrees (approxi-
mately 5 km). This data allows us to measure growing season conditions 
at the PMA sampling cluster locations across time, within the season, 
and measure the spatial variability in relative growing season 
conditions. 

We begin by extracting monthly NDVI values for the grid-cell that 
each enumeration area falls into, according to the longitude and latitude 
of the EA centroid provided by PMA. Because the majority of EAs are 
displaced by up to 5 km, extracting the grid-cell that each EA falls into 
will capture the true location the majority of the time. Because 1% of 
rural EAs are displaced by up to 10 km, we calculate NDVI measures 
based on a 10 km buffer circle around each EA and use this measure in a 
sensitivity analysis. Following the growing season calendars produced 
by FEWSNET, we identify when the primary growing season occurs in 
each country or region.3 We then calculate two primary growing season 
quality measures for each enumeration area: 1) the subseasonal 
maximum NDVI based on the first two months of the growing season, 
and 2) the maximum NDVI from the full growing season. 

The subseasonal NDVI measure additionally allows us to identify 
whether and how individuals respond to early signals of growing season 
quality (as captured by vegetation indices). Recent work has shown that 
in agriculturally dependent regions in Africa, delayed onset of rain and 

rainfall conditions in the early months of the growing season are related 
to the probability of agricultural drought, and hence chances of local 
food insecurity (Brown and de Beurs, 2008; Davenport et al., 2021; 
Husak et al., 2013; Shukla et al., 2021). Relatedly, research investigating 
linkages between farmer perceptions and seasonal quality also indicates 
the importance of early season conditions in shaping farmer perception 
of season quality. This research suggests that farmers may gauge season 
quality and plan accordingly based on sub-seasonal conditions (see, for 
example, Ovuka and Lindqvist (2000) and Ayanlade et al. (2017)). 
Relevant to our analysis, in the Indonesian context delayed onset of the 
monsoon was associated with fertility intentions (Sellers and Gray 
2019). Thus, application of the maximum NDVI during the first two 
month provides us an opportunity to identify an earlier warning indi-
cator of the food insecurity (than the maximum NDVI over the full 
growing season) which may have impacts on the fertility preferences 
later in the season or post season. 

Key Independent Variables: Ex-ante it is unclear whether the most 
recent growing season or the previous year’s growing season will have 
the biggest impact on fertility aspirations and family planning decisions. 
To explore the differential impact of different years’ growing seasons, 
we calculate a lagged value of the subseasonal and full season NDVI 
measures. Thus, we have four sets of NDVI measures: 1) subseasonal 
maximum NDVI in year t (the interview year), 2) subseasonal maximum 
NDVI in year t-1 (the year prior to the interview year), 3) full season 
maximum NDVI in year t, and 4) full season maximum NDVI in year t-1. 
While older years’ growing seasons could be relevant (e.g., t-2 or t-3) or 
also cumulative effects, given the lack of full birth histories and 
migration information in the PMA, as a conservative approach we 
restrict the analysis to look only at the current and previous year to rule 
out contamination and bias. For example, since we do not know how 
long women have lived in their current residence, we would introduce 
bias when matching individuals to community-level growing season 
data that they may not have experienced if they did not live in that 
community three or four years prior to the interview. And, since we lack 
a full birth history, we would not know about births that occurred in 
previous years, which bias any assessment of fertility preferences and 
behavior. 

We merge the NDVI measures with the PMA data according to the 
enumeration area and year, resulting in both spatial and temporal 
variation in NDVI. Summary statistics of the NDVI-derived growing 
season variables are presented in Table 2 and the variation in EA-level 
subseasonal max NDVI across years is shown in Fig. 2. The sub-
seasonal and full season NDVI maxima are used in the primary analysis, 

Fig. 1. Map of PMA enumeration area (EA) centroids in Burkina Faso, Kenya, and Uganda. The displaced GPS latitude and longitude coordinates for the geographic 
centroid of the sampled EAs in each country are shown in orange. Note that the PMA Kenya survey sampled EAs primarily from the southwest region of the country. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

3 In the case of Uganda and the Kenya sample, where regions vary in growing 
season timing and experience multiple growing seasons (Table 1), we use the 
primary/longest growing season (Famine Early Warning Systems Network 
2021c, [b] 2021). 
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however we also calculated an NDVI z-score that calculates the devia-
tion of the maxima from a 5-year growing season average within each 
EA, which is used for a sensitivity analysis presented in the Appendix. 

5. Empirical strategy 

Our analysis has three objectives: (1) examine the relationship be-
tween growing season quality and reproductive health outcomes for 
women in three different sub-Saharan African countries, (2) empirically 
assess which windows of exposure matter (e.g., current versus past 
growing seasons), and (3) examine how these relationships vary by 
individual-level characteristics, such as education, wealth, and time 
since most recent birth. We leverage differences in the timing of PMA 
interviews, as well as the spatial and temporal variation in growing 
season quality across enumeration areas both within and across each of 
the three countries. Crucially, because the PMA re-sampled the same 
enumeration areas in these countries, our data constitutes a panel of EAs 
(with different cross-sections of women interviewed in each wave), 
allowing us to observe the same EA under different conditions in 
different years. To conduct this analysis, we use ordinary least squares 
(OLS) regression to estimate a series of linear regression models that 
follow Equation (1): 

Yiet = βNDVIet + λXiet + γe + μt + δm(t) + ∊iet (1)  

where Yiet represents one of the four outcomes for woman i in 
enumeration area e in survey year t, NDVIet represents one of the NDVI 
measures defined above for enumeration area e in year t, and Xiet is a 
vector of individual-level controls including age, education, parity, time 
since last birth, and household wealth. The coefficient on NDVI (β) is the 
parameter of interest and captures the relationship between growing 
season quality and each outcome. In the case of the three binary 
dependent variables, the coefficient should be interpreted as a change in 
the probability of the outcome occurring. To account for unobserved, 
EA-level differences that may be correlated with reproductive health, we 
include EA fixed effects (γe), which means we are comparing outcomes 
for women who live in the same EA but experience different growing 
season conditions across time. Because the data includes multiple PMA 

survey rounds conducted over several years for each country, we include 
a year fixed effect (μt) that controls for any year-specific effects that are 
common across each country. Finally, to account for seasonal variation 
that is unrelated to growing seasons and any systematic correlation 
between the timing of surveys and the growing season, we include an 
interview month fixed effect (δm(t)). Analyses are conducted separately 
for each country and survey weights are not used because we are using a 
distinct subset of the original sample for which the weights were 
designed. To adjust for within group homogeneity we cluster standard 
errors by the enumeration area (Solon et al., 2015). 

To understand how the effect of growing season quality is moderated 
by individual-level factors associated with fertility behaviors and goals, 
we run a series of heterogeneity analyses. To do this, we interact the 
NDVI variable in Equation (1) with indicators for educational attain-
ment and birth spacing. To examine heterogeneity by birth spacing we 
categorize women according to whether it has been less than one year 
since their last birth, more than one year since their last birth, or they 
have not given birth to any children. 

We also conduct a series of supplemental analyses and robustness 
tests, including estimating a version of Equation (1) without EA fixed 
effects, as well as a pooled version estimated on combined data from all 
three countries where we replace the year fixed effect in Equation (1) 
with a country-by-year fixed effect, which helps to account for time 
trends that impact the outcomes and are constant within a country but 
differ across countries. As mentioned above, we conduct several sensi-
tivity analyses around the NDVI data, running models that use (1) 10 km 
buffers to calculate growing season variables and (2) NDVI z-scores 
instead of maxima, which are presented in the Appendix. 

6. Results 

6.1. Country specific results 

Fig. 3 presents regression results for the country-specific models for 
all four outcomes estimated using Equation (1) (for regression tables see 
Tables A.1 – A.12 in the Appendix). In each panel, the coefficient on 
NDVI (β from Equation (1) is plotted as the dot and the vertical lines 
represent the 95% confidence interval around the point estimate. The 

Fig. 2. Variation in subseasonal NDVI maxima by country and year. Each vertical bar represents the subseasonal NDVI maximum for a given EA. The diamonds on 
each plot indicate the median value across all EAs in a given year (with the median value printed above the diamond). The shaded regions represent density plots of 
the subseasonal NDVI maxima for each country and year. This figure shows substantial variation both within and across countries and years of the subseasonal 
NDVI maxima. 
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dashed horizontal line marks 0 and any confidence interval that crosses 
this line indicates a statistically insignificant result at the 5% level. For 
each country, we show the results using the subseasonal growing season 
maximum NDVI on the left and the corresponding result for the full 
growing season on the right. Results using the growing season that 
immediately precedes the PMA interview (year t) are shown in red, 
while results for the lagged growing season (e.g., the year before the 
PMA interview, year t-1) are shown in blue. 

6.2. Desire for children in the future 

These results show that an increase in the maximum NDVI, or 
growing season quality, in the most recent growing season before the 
interview is positively associated with the probability of desiring a child 
in the future in some settings (Fig. 3A, Appendix Table A.1 and A.5). In 
the Kenya sample, the results imply that experiencing a better than 
average growing season is associated with a 28-percentage point in-
crease, respectively, in the probability a woman wants another child, 
which is statistically significant at the 5% level. To put this magnitude in 
context, a one-standard deviation increase in the subseasonal NDVI 
(0.12) is associated with a 3.4-percentage point increase in the proba-
bility a woman wants another child. In all three countries the co-
efficients are larger with narrower confidence intervals when using the 
subseasonal measure relative to the full season measure. Additionally, 
growing season quality measured in the interview year appears to be 
more relevant than the year prior, as we do not observe a significant 
association between the lagged growing season fertility preferences in 
Burkina Faso and the Kenya sample. 

6.3. Preferred time to wait before having a child 

In Uganda, while growing season quality was not associated with 
fertility preferences, there is a significant relationship between NDVI 
and the preferred amount of time to wait before having a child (Fig. 3B, 
Appendix Table A.10). Specifically, a better than average season in the 
lagged season year is associated with a 41-month increase in the desired 
time to wait (significant at the 1% level), while a one-standard deviation 
increase in lagged growing season quality (equivalent to 0.09) implies a 
3.7 month increase in the desired time before having another child. We 
see suggestive evidence for a decrease (approximately 16 months) in the 
desired time to wait associated with an increase in the maximum NDVI 
in the interview year, however this result is not significant at conven-
tional levels. 

6.4. Initiating and discontinuing family planning 

This pattern is mirrored in the results for discontinuing family 
planning use among respondents in Uganda (Fig. 3D, Appendix Table 
A.12): a good growing season in the interview year is associated with a 
greater likelihood of discontinuing family planning, while women who 
experienced a good growing season in the previous year are less likely to 
discontinue their use of family planning (in the interview year), both 
results are statistically significant at the 1% level. The coefficient implies 
that an increase in the growing season quality in the interview year is 
associated with a 38-percentage point increase in the probability of 
discontinuing contraception. Put in terms of changes in NDVI that make 
be likely to occur in practice, a one standard deviation (0.11) increase in 
subseasonal NDVI in the interview year is associated a 4.2-percentage 
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Fig. 3. Regression results for fertility preferences and family planning use by country. Each dot represents the coefficient on NDVI (β from Equation (1) and the 
vertical lines are 95% confidence intervals. All models are estimated with enumeration area fixed effects, year fixed effects, and interview month fixed effects. They 
control for age, parity, education, wealth, and household size. Standard errors are clustered by enumeration area. For each country, we show the results using the 
subseasonal growing season maximum NDVI on the left and the corresponding result for the full growing season on the right. Results using the growing season that 
immediately precedes the PMA interview are shown in red, while results for the lagged growing season (e.g., the year before the PMA interview) are shown in blue. 
The dependent variables for the models presented in Panel A, C, and D are binary and coefficients should be interpreted as percentage point changes in the 
probability of the outcome occurring. Panel B reports results for preferred time (in months) before having another child, thus the coefficients should be interpreted as 
the change in number of months. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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point increase in the probability of discontinuing family planning. In 
other words, experiencing a better growing season more recently means 
women want to accelerate their childbearing, but if they experienced a 
better than average growing season the year before, they want to wait 
longer before having a child. This seemingly odd pattern of results 
suggests that in the intervening year (the year between t-1 and t), 
something moderates the relationship between growing season quality 
and fertility preferences. This motivates our investigation in the next 
section of whether having a child during that year can help explain this 
result. 

We do not observe any statistically significant relationships between 
the probability of starting a method of family planning and growing 
season quality (Fig. 3C) in any of the three countries. In Burkina Faso 
there is a large, positive association when using the full season NDVI 
measure. In Uganda we find a large, negative association. In both cases, 
the confidence intervals are large and the results insignificant at con-
ventional levels. The negative direction of the association for Uganda is 
consistent with the findings in Uganda for birth spacing and dis-
continuing family planning use (e.g., a good growing season is associ-
ated with waiting less time before having another child, lower 
probability of starting family planning, and higher probability of stop-
ping family planning). 

Overall, these country-specific results are similar to those estimated 
on a pooled version of the data that combines all three countries and 
includes country-by-year fixed effects (Appendix Fig B.1). We also 
assessed the sensitivity of these findings to two alternative NDVI mea-
sures: (1) subseasonal NDVI max (in the interview year) calculated in a 
10 km buffer zone around each EA centroid and (2) a subseasonal NDVI 
z-score (in the interview year) calculated at the grid-cell level for each 
EA using a 5-year subseasonal growing season mean and standard de-
viation. We re-estimated Equation (1) using each of these alternative 
NDVI measures and plot the results for each country and outcome in 
Appendix Fig B.2. Both the 10 km buffer and z-score results are 
consistent with the primary subseasonal NDVI max results shown in 
Fig. 3. 

The magnitudes are very similar for the 10 km buffer measurements, 
while the point estimates using the z-scores are much smaller, which is 
reasonable as the units are in standard deviations. Thus, the main 
findings are robust to using pooled data, 10 km buffers, or a subseasonal 
NDVI z-score. However, the results from models estimated without 
enumeration area fixed effects are often quite different from those 
estimated with the EA fixed effects (Appendix Tables A.1 – A.12). The 
purpose of the EA fixed effects is to control for unobserved, time 
invariant community-level factors that may impact reproductive health 
outcomes, and particularly may be correlated with the measure of 
growing season quality and bias the estimation. For example, commu-
nity norms around providing support to households who experience 
economic hardship may influence childbearing preferences and be 
common within an EA. Therefore, our preferred specification includes 
the EA fixed effects. 

6.5. Heterogeneity analysis 

In this section, we explore the heterogeneity of the primary results by 
the education level of respondents and birth spacing. There may be a 
disconnect between fertility preferences and the ability to act on them 
(e.g., via starting or discontinuing contraceptives) due to various factors 
related to awareness, access, and affordability of reproductive health 
services. Additionally, differences in the primary results between the 
growing season conditions of the interview year and the year prior may 
be related to childbearing during the intervening year and the experi-
ence of having a young child at home. In the main results, the sub-
seasonal NDVI measures were similar to those calculated from the full 
season but generally larger coefficients with smaller confidence in-
tervals (Fig. 3). Therefore, for brevity we utilize only the subseasonal 
NDVI maximum calculated in the interview year for these heterogeneity 

analyses. 
Table 3 presents the results of the interacted models, estimated 

separately for each country (in columns) and outcome (in Panels A-D). 
We present only the coefficients for NDVI, the main effects of each 
heterogeneity variable (education and birth spacing) and the corre-
sponding interaction terms with the education and birth spacing vari-
ables. For each outcome, the coefficient on NDVI represents the effect of 
NDVI for the dropped category of the interaction term (e.g., less than 
primary education and having a child older than 1 year old) and the 
coefficient on the interaction represents the difference in the effect of 
NDVI by the included category (e.g., more than primary education, 
having a child under 1 year old, and having no children). 

6.6. Heterogeneity by education 

In Burkina Faso, while there was no detectable average relationship 
between growing season quality and preferred time to wait before 
having another child or probability of starting contraception, the het-
erogeneity analysis reveals the relationship varies by education. Spe-
cifically, for women with less than a primary school education an 
increase in NDVI is associated with a 14-month decrease in desired time 
to wait, although this relationship is imprecisely estimated. Relative to 
less educated women, for women who completed more than primary 
school an increase in growing season quality is associated with a desire 
to delay childbearing by 19 months (significant at the 10% level). Thus, 
the overall effect implies an increase growing season quality is associ-
ated with desire to delay childbearing by 5 months for more educated 
women, although the overall effect is not statistically significant. 

The heterogeneity results in Burkina Faso for starting a method of 
family planning are consistent with these preferences to delay child-
bearing. For less educated women, there is no effect of NDVI (Table 3, 
Panel C, row 1), whereas for women who completed more than primary 
school an increase in growing season quality is associated with an 
additional 55-percentage point increase in the probability of starting 
contraceptives (significant at the 1% level) relative to women without a 
primary school education (the overall effect of 56 percentage points, 
which is calculated as the sum of the coefficient on NDVI and the 
interaction term, is significant at the 10% level). 

For the other outcomes and countries, education does not moderate 
the effect of growing season quality. In other words, the effect of a good 
growing season is the same for more and less educated women. 

6.7. Heterogeneity by birth spacing 

In the final three columns of Table 3, we examine how the results are 
moderated by the amount of time since a woman’s most recent birth, 
which we operationalize as having a child within the year prior to the 
PMA interview or whether the woman has no children. In these models, 
the coefficients for NDVI represent the effects of growing season quality 
for women whose last child was born more than one year before the 
interview and the interaction coefficients should be interpreted as 
relative to this population. The amount of time between having children 
moderates the relationship between growing season quality and fertility 
preferences (Panel A) preferred time to wait before having a child (Panel 
B) and starting a method of family planning (Panel C), but the rela-
tionship varies by country and outcome. 

These results suggest that in the Kenya sample, among women who 
do not have very young children at home, an increase in subseasonal 
NDVI is associated with a 28-percentage point (p < 0.05) increase in the 
desire for children in the future, but this relationship is 35 percentage 
points larger (p < 0.01) for women without any children. Thus, the 
overall effect of a good growing season for women without children is 
quite large: one-unit increase in subseasonal NDVI is associated with a 
63-percentage point increase the probability she wants a child in the 
future (p < 0.001). In terms of changes in NDVI that may be reasonably 
expected, experiencing a one-standard deviation (0.12) increase in 
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Table 3 
Interaction models estimating the effect of growing season quality by education and birth spacing.   

Burkina Faso (1) Kenya Sample (2) Uganda  

(3) 

Burkina Faso (1) Kenya Sample (5) Uganda  

(3) 

Panel A: Wants a child in the future 
NDVI 0.45  

(0.32) 

0.28**  

(0.12) 

− 0.09  

(0.16) 

0.55*  

(0.32) 

0.28**  

(0.14) 

− 0.07  

(0.18) 
More than primary school − 0.04  

(0.04) 

− 0.00  

(0.05) 

0.11**  

(0.05) 

0.03*  

(0.01) 

0.06***  

(0.01) 

0.07***  

(0.01) 
NDVI × More than primary school 0.11  

(0.12) 

− 0.00  

(0.08) 

− 0.14  

(0.09)    
Child under 1 at home    0.01  

(0.03) 

− 0.03  

(0.06) 

0.02  

(0.07) 
No children born    0.08*  

(0.04) 

− 0.06  

(0.08) 

− 0.11*  

(0.07) 
NDVI × Child under 1 at home    − 0.10  

(0.10) 

− 0.03  

(0.09) 

− 0.02  

(0.11) 
NDVI × No children born    − 0.09  

(0.13) 

0.35***  

(0.12) 

0.22*  

(0.11) 
Panel B: Preferred time before next child 
NDVI − 14.27  

(18.92) 

7.42  

(9.26) 

− 16.52  

(11.61) 

− 7.25  

(19.56) 

− 0.94  

(9.48) 

− 13.46  

(11.81) 
More than primary school − 2.02  

(3.90) 

2.54  

(6.32) 

2.84  

(6.35) 

1.54  

(1.69) 

− 1.86  

(1.16) 

0.68  

(1.21) 
NDVI × More than primary school 18.62*  

(10.65) 

− 4.01  

(10.10) 

− 1.40  

(10.53)    
Child under 1 at home    12.36***  

(2.25) 

− 4.80  

(4.65) 

7.43  

(5.96) 
No children born    − 5.47  

(4.61) 

3.46  

(13.13) 

10.91  

(8.27) 
NDVI × Child under 1 at home    − 3.29  

(7.21) 

24.16***  

(7.84) 

− 4.46  

(9.56) 
NDVI × No children born    12.53  

(15.81) 

− 0.61  

(17.30) 

–22.29*  

(12.96) 
Panel C: Started FP method 
NDVI 0.01  

(0.30) 

0.11  

(0.10) 

− 0.09  

(0.23) 

0.19  

(0.23) 

− 0.01  

(0.10) 

− 0.14  

(0.23) 
More than primary school − 0.08*  

(0.04) 

0.10**  

(0.04) 

0.14  

(0.09) 

0.06***  

(0.01) 

0.03***  

(0.01) 

0.03**  

(0.01) 
NDVI × More than primary school 0.55***  

(0.15) 

− 0.09  

(0.06) 

− 0.14  

(0.14)    
Child under 1 at home    0.11**  

(0.05) 

0.00  

(0.10) 

− 0.03  

(0.09) 
No children born    − 0.10**  

(0.04) 

− 0.00  

(0.08) 

− 0.05  

(0.10) 
NDVI × Child under 1 at home    0.16  

(0.16) 

0.50***  

(0.16) 

0.20  

(0.15) 
NDVI × No children born    − 0.15  

(0.13) 

− 0.12  

(0.12) 

− 0.13  

(0.14) 

(continued on next page) 
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subseasonal NDVI is associated with a 7.5-percentage point increase the 
probability she wants a child in the future. In contrast, for women with 
young children at home there is little difference in the effect of NDVI 
relative to women who have not given birth recently (a statistically 
insignificant 3-percentage point decrease). The overall effect of a good 
growing season for women with young children at home therefore 
suggests a 26-percentage point increase in the probability of wanting 
more children (p < 0.10). 

In Uganda, on the other hand, there is a small negative and statisti-
cally insignificant relationship between growing season quality and 
desire for children in the future among women who have older children 
(-0.07, Table 3, Panel A, Column 6, Row 1). For women without chil-
dren, this negative relationship is offset by a 22-percentage increase (p 
< 0.10) in the probability of desiring a child in the future. Taken 
together, for women without any children NDVI is associated with a 14- 
percentage point increase in the probability of desiring children in the 
future, however the total effect is not statistically significant. 

In the Kenya sample and in Uganda, birth spacing also moderates the 
relationship between growing season quality and the amount of time 
women want to wait before having their next child. In both settings, 
there are relatively small, negative, and statistically insignificant asso-
ciations for women without young children at home (Table 3, Panel B, 
Columns 5 and 6, Row 1). In the Kenya sample, this relationship is 
moderated by a desire to delay childbearing by 24 months (p < 0.01) for 
women with young children at home, while in Uganda the negative 
relationship is even more negative among women without any children 
who want to shorten the time before their next child by an additional 22 
months (p < 0.10); these differences are both relative to women with 
older children at home (Table 3, Panel B, Columns 5 and 6, Row 1). The 
corresponding overall effect of NDVI in the Kenya sample for women 
with young children is a 24-month increase (p < 0.05) in preferred time 
to wait and in Uganda for women without any children a 36-month 
decrease (p < 0.05) in the preferred time to wait. 

Similar to the education heterogeneity analysis, the pattern of results 

for starting contraceptives is consistent with the results for delaying 
childbearing. Specifically, in the Kenya sample where women without 
young children at home who experience a good growing season want to 
delay childbearing, they also are 50 percentage points more likely to 
start using family planning (Table 3, Panel C, Column 5, Row 6), relative 
to women with older children (with an overall effect of 48.7 percentage 
points, p < 0.01). 

For the other outcomes and countries, such as the decision to dis-
continue family planning, recent childbearing does not moderate the 
effect of growing season quality. In other words, the effect of a good 
growing season is the same for women regardless of whether they had a 
child recently (within the past year), less recently (more than one year 
ago), or have no children at home. 

7. Discussion 

Women and children face unique risks associated with food insecu-
rity, risks which are likely to increase with climate change and in 
communities that are dependent on rainfed agriculture. Scholarship 
examining the climate change-related risks women face and the strate-
gies they use to manage these risks is limited (Lama et al., 2020; Lau 
et al., 2021). And, despite the theorized importance of agriculture and 
food security in connecting climate to individual fertility outcomes, few 
studies directly consider local growing season conditions in their as-
sessments (e.g., Sellers and Gray 2019, Eissler, Thiede and Strube 2019, 
Alam and Pörtner 2018). In this analysis we investigate the ways that 
local growing season quality is associated with different dimensions of 
fertility and childbearing – namely fertility intentions and family plan-
ning use. We integrate ideas of fertility behavior being impacted in 
unique ways in a context of insecurity (Eissler et al., 2019; Trinitapoli 
and Yeatman, 2018; Trinitapoli and Yeatman, 2011) with those that 
consider the ways seasonal food production shapes resources and 
decision-making (Eissler et al., 2019; Hill et al., 2019; Sellers and Gray, 
2019), and the seasonal pattern of fertility (Barreca et al., 2018; 

Table 3 (continued )  

Burkina Faso (1) Kenya Sample (2) Uganda  

(3) 

Burkina Faso (1) Kenya Sample (5) Uganda  

(3) 

Panel D: Stopped FP method 
NDVI − 0.12  

(0.15) 

− 0.01  

(0.06) 

0.38***  

(0.11) 

− 0.13  

(0.15) 

0.02  

(0.06) 

0.38***  

(0.12) 
More than primary school − 0.02  

(0.03) 

− 0.03  

(0.03) 

0.01  

(0.06) 

− 0.00  

(0.01) 

0.00  

(0.01) 

− 0.00  

(0.01) 
NDVI × More than primary school 0.03  

(0.11) 

0.04  

(0.05) 

− 0.02  

(0.10)    
Child under 1 at home    − 0.04**  

(0.02) 

− 0.04  

(0.03) 

− 0.08  

(0.06) 
No children born    0.01  

(0.04) 

− 0.03  

(0.07) 

0.05  

(0.10) 
NDVI × Child under 1 at home    − 0.04  

(0.06) 

− 0.04  

(0.05) 

− 0.01  

(0.08) 
NDVI × No children born    − 0.09  

(0.15) 

0.10  

(0.12) 

− 0.13  

(0.16) 

Notes: ***: 0.01, **: 0.05, *: 0.1. Each column and panel represent an estimation of Equation (1), where NDVI is interacted with a different variable. The first three 
columns present results for interactions with education, the second three present results for interactions with an indicator for birth spacing (where women were 
classified according to whether it had been one or more years since their most recent birth or they have no children). Results for each of the four primary outcomes are 
reported in panels A (fertility preferences), B (preferred time before next child), C (starting a method of family planning), and D (discontinuing family planning use). All 
models are estimated with enumeration area fixed effects, year fixed effects, and interview month fixed effects. They control for age, parity (dropped in the birth 
spacing heterogeneity models due to collinearity), education (dropped in the education heterogeneity models due to collinearity), wealth, and household size. 
Standard errors are clustered by enumeration area. 
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Dorélien, 2016; Lam and Miron, 1991). 
Our analysis advances the growing body of empirical work on 

environment and fertility preferences by directly considering the role of 
growing season conditions rather than relying on temperature or pre-
cipitation and inferring that they act through agricultural pathways. The 
results of our analysis suggest that growing season quality is indeed 
associated with childbearing goals and contraceptive use but highlights 
the importance of individual factors like education and birth spacing. 
We note that because NDVI is correlated to rainfall and temperature, 
other aspects of temperature and rainfall (e.g., waterborne illness, heat 
stress) not related to food production or month, may also be at play. 
Moreover, the results suggest that these relationships are not consistent 
across different countries, suggesting that women face unique con-
straints and opportunities in different settings. These complex findings 
highlight the importance of operationalizing environmental variables to 
reflect conceptual models of how climate change, weather, or agricul-
ture affects individual-level fertility choices and behaviors (Grace et al., 
2020). 

Overall, we show that women in some settings do seem to shift their 
short-term behaviors and goals in response to growing season quality. 
Specifically, our results suggest that a good growing season in the 
interview year is associated with an increase in the probability of 
desiring a child in the future in the Kenya sample, a decrease in desired 
time before having another child in Uganda, and a greater likelihood of 
discontinuing family planning in Uganda. Dorélien (2016) demonstrated 
that births follow a seasonal pattern in sub-Saharan Africa, but with 
significant variation by geography, maternal education, and rural locale. 
Our findings build on past literature that suggests that point to an 
agricultural mechanism through which fertility preferences, timing, and 
behaviors are impacted by growing season quality, which in turn may 
contribute to a seasonal pattern of births (e.g., Panter-Brick 1996, 
Mosher 1979). 

Our results on fertility preferences in the Kenya sample also provide 
supporting evidence for the hypothesis that households update beliefs 
about the future and ability to support a larger family based on growing 
season quality (Eissler et al., 2019; Sasson and Weinreb, 2017). Eissler 
et al. (2019) find that an increase in temperature and precipitation are 
associated with decreases in ideal family size and desire to have chil-
dren, which they interpret as indicative of women seeking to reduce 
demands on household resources during times of adverse agricultural 
conditions. By examining the effect of growing season quality on fertility 
preferences and contraceptive behavior, our analysis supports that 
interpretation: in the Kenya sample a good growing season is associated 
with an increased desire for children, or conversely a bad growing 
season is associated with a lower desire for children. 

Our results are also consistent with the scholarship that suggests that 
childbearing goals and spacing behaviors are a “moving target” and 
reflect individual- and household-level responses to changing conditions 
(Hayford and Agadjanian, 2017; Yeatman et al., 2013). The pattern of 
results for Uganda, in particular, demonstrate a cohesive picture of 
women strategically responding to changing agricultural conditions by 
updating both their preferences around childbearing timing (e.g., when 
they would next like to have a child) and taking action to achieve those 
goals (e.g., adjusting their use of family planning). The benefits of 
actively adjusting behavior in response to changing growing season 
conditions can be seen in child health outcomes – a recent analysis found 
that a good growing season the year before pregnancy can offset the 
negative impact of the hunger period on birthweight (Grace et al., 
2020). 

We also examined heterogeneity of the main results by education and 
time since most recent birth and observe many differential relationships 
that are masked by simply looking at average effects. First, consistent 
with other empirical findings, education seems to matter quite a bit in 
moderating the relationship between environmental factors and repro-
ductive health outcomes (Eissler et al., 2019; Sellers and Gray, 2019). 
However, in contrast to other studies, we find that women both with and 

without formal education respond to environmental shocks by adjusting 
either fertility goals and aspirations or family planning use in different 
ways. For example, in Burkina Faso we found that women who had 
completed more than primary school were significantly more likely to 
want to delay childbearing and start using a method of family planning 
after experiencing a good growing season. While for fertility preferences 
and contraceptive use in Uganda and the Kenya sample, more and less 
educated women adjusted their behavior in similar ways in response to 
growing season quality, suggesting more sophisticated planning and 
strategy around childbearing than is often assumed of people who lack 
formal education. 

We saw that time since the woman’s most recent birth was important 
with respect to the relationship between NDVI and fertility preferences. 
In particular, the combination of birth spacing/timing relative to a 
recent birth and local growing season conditions appears to tell a very 
consistent story among women in the Kenya sample: for women who 
gave birth very recently (within the year prior to their interview) and 
thus have a young child at home, a good growing season is associated 
with wanting to wait longer before having their next child, which they 
act on by increasing use of contraceptives. In the Kenya sample and 
Uganda, women without children were more likely to want to have 
children in the future in response to a good growing season, relative to 
those who currently have older children at home. These results suggest 
that women and households work to time pregnancies/births in an effort 
to optimize their child’s health through factors they have more control 
over (e.g., spacing) but with attention to locally relevant factors related 
to food security. 

We also demonstrate that thinking conceptually about the timing of 
exposure matters by examining growing season conditions in two 
different time periods. We see that in general, growing season quality 
measured more closely to the interview appears to be the more relevant 
time period for impacting fertility preferences in these settings. How-
ever, in some cases, the prior year’s growing season also had an inde-
pendent effect. For example, in Uganda we observe the opposite effect of 
growing season quality in the interview year compared to the previous 
year on both preferred time to wait before having another child and 
probability of discontinuing family planning, suggesting how the de-
cisions or preferences of prior years may modify how growing season 
impacts in year t. 

Additionally, our analysis demonstrates how using different mea-
sures to approximate growing season quality, specifically a subseasonal 
and full season measure, can be helpful for understanding local seasonal 
variation and issues related to food security (Davenport et al., 2021; 
Shukla et al., 2021). In these countries, we found the subseasonal 
measure was generally a more relevant factor determining childbearing 
aspirations and contraceptive use, although the full season measures 
were typically similar, suggesting that individuals react to conditions 
early on in the growing season. This finding has clear implications 
policies or interventions focused on reproductive health service de-
livery. For example, our results imply that in Uganda a good growing 
season was associated with wanting a pregnancy sooner and an 
increased desire to discontinue family planning; conversely a particu-
larly bad growing season was associated with wanting to wait longer 
before having a child and greater likelihood of starting contraceptive 
use. Policies that prioritize reproductive autonomy would ensure 
women are able to remove or discontinue contraceptives when they 
want to become pregnant and access contraception when they wish to 
avoid or delay pregnancy (Nandagiri, 2021; Senderowicz, 2020). If the 
quality of the growing season can be detected early with subseasonal 
measures, then it becomes more feasible to ensure women have suffi-
cient access to vital family planning services. 

There are several important limitations to our analysis. First, we 
approximate the quality of the agricultural growing season using a 
remotely sensed vegetation measure (NDVI), rather than direct mea-
surements of production or yield. Although imperfect, using NDVI al-
lows us to approximate growing season conditions over a long time 
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frame and in multiple countries at a very fine level of spatial resolution 
(Brown et al., 2014; Shukla et al., 2021; Vrieling et al., 2008). Addi-
tionally, due to limitations of the PMA data, we are not able to capture 
abortions (spontaneous or induced) or (partner) migration, both of 
which could impact fertility preferences, childbearing goals, and family 
planning use. The PMA data is also limited in information provided on 
coping strategies that individuals and families rely on when faced with 
environmental shocks, such as a poor growing season. 

As agricultural production becomes increasingly variable due to 
climate change, it is important to develop a better understanding of the 
ways in which individuals respond. One particularly understudied 
aspect is women’s fertility and reproductive health, including use of 
family planning services. Our analysis sheds light on the unique ways 
women are impacted by and respond to seasonal conditions. Changes in 
fertility and reproductive health outcomes more broadly should be 
better incorporated into policies and planning around climate change 
and agricultural impacts. Moreover, this work highlights the importance 
of reliable and diverse family planning service availability as women 
may want to stop or start according to seasonal, and even subseasonal, 
growing season quality. 
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Alam, S.A., Pörtner, C.C., 2018. Income shocks, contraceptive use, and timing of fertility. 
J. Dev. Econ. 131, 96–103. https://doi.org/10.1016/j.jdeveco.2017.10.007. 

Ameyaw, E.K., Budu, E., Sambah, F., Baatiema, L., Appiah, F., Seidu, A.-A., Ahinkorah, B. 
O., 2019. Prevalence and determinants of unintended pregnancy in sub-Saharan 
Africa: A multi-country analysis of demographic and health surveys. PLoS One 14, 
e0220970. 

Ayanlade, A., Radeny, M., Morton, J.F., 2017. Comparing smallholder farmers’ 
perception of climate change with meteorological data: A case study from 
southwestern Nigeria. Weather Clim. Extremes 15, 24–33. https://doi.org/10.1016/ 
j.wace.2016.12.001. 

Bakhtsiyarava, M., Grace, K., Nawrotzki, R.J., 2018. Climate, Birth Weight, and 
Agricultural Livelihoods in Kenya and Mali. Am. J. Public Health 108, S144–S150. 
https://doi.org/10.2105/AJPH.2017.304128. 

Barreca, A., Deschenes, O., Guldi, M., 2018. Maybe Next Month? Temperature Shocks 
and Dynamic Adjustments in Birth Rates. Demography 55, 1269–1293. https://doi. 
org/10.1007/s13524-018-0690-7. 

Barreca, A., Schaller, J., 2020. The impact of high ambient temperatures on delivery 
timing and gestational lengths. Nat. Clim. Chang. 10, 77–82. https://doi.org/ 
10.1038/s41558-019-0632-4. 

Bartholome, E., 1988. Radiometric measurements and crop yield forecasting Some 
observations over millet and sorghum experimental plots in Mali. Int. J. Remote 
Sens. 9 https://doi.org/10.1080/01431168808954959. 

Battude, M., Al Bitar, A., Morin, D., Cros, J., Huc, M., Marais Sicre, C., Le Dantec, V., 
Demarez, V., 2016. Estimating maize biomass and yield over large areas using high 
spatial and temporal resolution Sentinel-2 like remote sensing data. Remote Sens. 
Environ. 184, 668–681. https://doi.org/10.1016/j.rse.2016.07.030. 
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