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Empowerment and Adaptive Capacity 
of Women in Urban Areas: Mitigating 
the Risk of Water Insecurity in Chad

Sveva Lazzati, Gül Tuçaltan, and Fleur Wouterse

1  Introduction

Water insecurity is one of the key risks associated with climate change and can 
result from changes in the water cycle, water quality, and cryosphere as well as from 
drought and flood negatively impacting natural and human systems (IPCC, 2022). 
As climate change exacerbates the frequency and severity of heavy rainfall, cities, 
river plains, and deltas experience more disruptive flooding, which along with the 
destruction of property, infrastructure, and services facilitates the spread of water-
borne and water-related diseases (Ahmed et al., 2022; Douglas et al., 2008; Few 
et al., 2004; Levy et al., 2016; Sajid & Bevis, 2021; Semenza, 2020; WHO & WMO, 
2012). Direct flood damage is projected to increase globally by four to five times at 
4°C compared to 1.5°C (IPCC, 2022). Flooding affects populations by washing 
away homes and destroying food and stocks of goods in markets as well as livestock 
and cultivated land. During floods, wells—often the only water source—and latrines 
can be destroyed (ReliefWeb & UN OCHA, 2022) giving rise to water contamina-
tion and forcing households to resort to unsafe floodwaters for daily use. A signifi-
cant increase in ill health and premature deaths from climate-sensitive diseases and 
conditions is projected. Between 20,000 and 30,000 additional diarrheal deaths in 
children are also expected by mid-century under 1.5–2.1°C global warming, with 
West Africa most affected, followed by East, Central, and Southern Africa (WHO, 
2014). Morbidity from cholera is also projected to increase as is E. coli (IPCC, 
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2022). Intersecting inequalities and context-specific factors such as culture, gender, 
religion, ability, and disability or ethnicity mean that risks vary at a fine scale across 
and within communities and societies (IPCC, 2022). While rural areas are also 
affected, urban areas tend to be more prone to flooding and further subject to cli-
mate risks.

Chad, like other countries in the Sahel region, is already experiencing the effects 
of climate change in the form of increased temperatures and precipitation. The 
country is subject to a projected increase in heavy rainfall events expected to 
increase exposure to pluvial and riverine flooding and their related impacts. Chad is 
exemplary in terms of being subject to various water insecurity-related stresses and 
shocks and displaying high levels of vulnerability and low levels of responsiveness. 
The Sahel’s drylands do not readily absorb water, and they are more prone to quick 
and heavy flooding (Elagib et al., 2021; UN OCHA, 2020). Chad ranks third from 
last in the Notre Dame Global Adaptation Initiative (ND-GAIN, 2022) vulnerability 
ranking, meaning that the country experiences one of the highest levels of climate 
vulnerability globally in terms of the susceptibility to be adversely affected by 
climate- driven hazards.1,2 The country also ranks third from last in ND-GAIN’s 
adaptation readiness index meaning that its governance structures and policy pro-
cesses ensuring that adaptation takes place are weak or nonexistent (Ford & King, 
2015). In 2020, 20 out of Chad’s 23 provinces were affected by water insecurity 
with a higher incidence in the southern and central ones and more than 64,000 
households suffered flood damage or were displaced, and in some regions, increased 
childhood diarrheal disease was observed during extreme weather events (UN 
OCHA, 2020). Urban areas, in particular, such as the capital N’Djamena are at risk 
of being severely impacted (UN OCHA, 2022).

In the absence of the required hard and soft infrastructures, negative effects of 
climate change, such as increasing care responsibilities, workloads, and limited 
access to resources, oftentimes affect women disproportionately. Thus, addressing 
the adaptive capacities, specifically of women, when discussing and planning for 
climate change in Chad is a necessity. In addition, urban population growth has 
been accompanied by an increase of vast informal settlements, due to failing hous-
ing systems and lack of investment capacity (Dodman et al., 2018; Revi et al., 2014). 
These informal settlements are vulnerable to flooding due to inadequate infrastruc-
ture, general lack of services, and sociopolitical marginalization putting them at 
high risk from extreme weather events (Haque, 2021; Revi et al., 2014). Thus, this 
chapter argues that it is all the more important to assess and mobilize the adaptive 
capacity of the population, women in this case, as well as its drivers especially those 
in the most vulnerable and exposed regions. Respectively, this research focuses on 
how adaptable women are in urban Chad and what strategies they employ and the 
resources they require to mitigate the risk of water insecurity. This chapter aims to 

1 The ND-GAIN Country Index, as developed by the researchers of the Notre Dame Global 
Adaptation Initiative, encapsulated a country’s vulnerability to climate change and other planetary 
challenges with respect to its adaptive capacity.
2 Chad | ND-GAIN Index
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pave the way for improved planning and policymaking processes that support the 
adaptive capacities of women in urban areas of developing countries.

We take adaptive capacity as complementary to readiness and define it as “the 
potential for actors within a system to respond to changes, and to create changes in 
that system” (Chapin et al., 2006). Adaptive capacity of individuals, households, 
and communities is thought to reduce the impact of climate change (van Valkengoed 
& Steg, 2019; Wouterse et al., 2022). Examples of individual and household-level 
adaptive capacity are risk mitigation (vaccinating, using emergency and health kits, 
using nutritional supplements, treating water) and risk management strategies such 
as purchasing (health) insurance (van Valkengoed & Steg, 2019). While most adap-
tation efforts have been focused on reducing risk, focusing on increased agency and 
adaptive capacities of actors to reduce vulnerabilities is urgent, given the low level 
of adaptation readiness of Chad.

Empowerment refers to agency or the ability to pursue relevant goals and the 
institutional environment enabling people to exercise this agency successfully 
(Butler et al., 2015). So far, the concept of empowerment has received little empiri-
cal attention within adaptation research where the focus has been more on the role 
of education (see, e.g., Feinstein & Mach, 2020; Lutz et al., 2014). Most existing 
empirical studies focus on the role of empowerment in relation to agricultural pro-
duction, poverty reduction, or food and nutrition security (see, e.g., Malapit & 
Quisumbing, 2015; Wouterse, 2019). This chapter contributes to filling this gap and 
assesses the role of empowerment in adaptive capacity in the form of the adoption 
of strategies that mitigate health risks associated with floods. In a departure from 
mainstream climate adaptation literature and to underline the gendered nature of 
adaptation policy and practice, our study focuses specifically on women who are 
often claimed to be more vulnerable to the effects of climate change.

We use the nationally representative Demographic and Health Survey data col-
lected in 2015 and construct a multidimensional economic empowerment index 
akin to the Women’s Empowerment in Agriculture Index (WEAI) with indicators on 
control over personal decisions, autonomy, access to income, involvement in 
decision- making, and time dedicated to leisure activities. We then use regression 
analysis to reveal the relationship between this index and adaptive capacity in the 
form of four selected strategies that mitigate the risk of health impacts of floods.3 
We find that empowerment is an important predictor for the adoption of adaptive 
health strategies and that empowerment levels of women are significantly lower 
than those of men both in urban and rural areas. However, climate responsiveness is 
higher in Chad’s urban areas as they host women who are more empowered in terms 
of access to resources and autonomy with improved decision-making capacities. 
Specifically, economically empowered women have higher uptake of adaptive 

3 WEAI is the first comprehensive measure to assess women’s empowerment and participation in 
agriculture. As initiated by International Food Policy Research Institute (IFPRI), Oxford Poverty 
and Human Development Initiative (OPHI), and USAID’s Feed the Future in 2012, it not only 
measures the levels of empowerment of women within the agricultural sector but also their relative 
position to men within the household.
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health strategies such as taking up health insurance, treating water before drinking, 
administering nutritional supplements to children, and vaccinating them, which are 
likely to mitigate the risk associated with waterborne diseases.

Based on our findings, we call for an integrated approach to climate adaptation, 
which encompasses gender-sensitive policy and planning responses targeting eco-
nomic empowerment as means of greater inclusion of women in urban development 
initiatives in Chad.

2  Climate Change and Water Insecurity in Chad

Chad is a landlocked African country situated in the Sahel, and its climate is overall 
desertic, with higher precipitation in the southern regions and more arid weather in 
the north of the country. Rainfall incidence increases during the wet season, which 
stretches from May to October with July and August as the wettest months. There is 
a high variability in temperatures (4 to 6 degrees depending on the month) with a 
general warming trend over the hottest months of the year (+3°C on average between 
1970 and 2020 for the months of May to September). In general, it is assumed that 
if the average annual precipitation varies little, it will be concentrated in more 
intense rainfall events, and more intense floods followed by prolonged dry periods. 
Data from the climate change portal of the World Bank confirm a scenario of 
increased drought episodes, with a decrease in the number of wet days but an 
increase in volumes per rainy day.4 Figures  1 and 2 show some recent climatic 
trends for the country’s regions.

N’Djamena, the country’s capital where nearly 17 million people live, is located 
100 km from Lake Chad. Lake Chad is a good example of the climate variability 
affecting the N’Djamena region in relation to climate change. Since the 1970s and 
1980s, the Sahel was confronted with a period of severe drought that has signifi-
cantly affected water resources, including Lake Chad, which is said to have shrunk 
dramatically. Since the 1990s, there has been an increase in rainfall in the region 
with a peak in water volume attained in 2013 in Lake Chad (Pham-Duc et al., 2020). 
N’Djamena is located almost 300 meters above sea level at the intersection of the 
Chari and Lagone rivers on an alluvial plain where the quality of its soil, made up 
mainly of clay, silt, and sand, has a low absorption capacity (Fig. 3).

This particular topography causes flooding during the rainy season, which runs 
roughly from May to October, as exemplified by the recent severe floods of October 
2022 (Fig. 4).

During flooding events and in their aftermath, water contamination is frequent 
and can happen through a variety of mechanisms such as overwhelmed or damaged 
sewer treatment facilities discharging untreated wastewater into rivers and streams, 
contaminated floodwater transporting pathogens to drinking water wells and the 

4 Chad - Summary | Climate Change Knowledge Portal (worldbank.org) Chad - Summary | Climate 
Change Knowledge Portal (worldbank.org)

Chad Population (2022) - Worldometer (worldometers.info)
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Fig. 1 Number of wet days per year. Source: DHS 2014–2015

Fig. 2 Precipitation 1985–2015 (Source: DHS 2014–2015)
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water distribution system, contamination of irrigation water that pollutes food, dam-
aging of water supply and treatment systems and displacement of population toward 
areas with inadequate sanitation infrastructure (Semenza, 2020). Contaminated 
water used for drinking, sanitation, and recreation is associated with the contraction 
of a number of different viral, bacterial, and parasitic diseases and especially diar-
rheal disease (Levy et al., 2016). When flooding disrupts sewage systems, people 
are at increased risk of transmission of gastrointestinal pathogens, particularly 
E. coli, norovirus, rotavirus, cryptosporidium, giardia, campylobacter, different sal-
monella enterica serotypes, and hepatitis A. Other diseases such as leptospirosis and 
tetanus may also occur more frequently (Semenza & Menne, 2009). Large out-
breaks of waterborne diseases due to flooding present a severe threat particularly 
that disproportionally affect more biologically sensitive age groups, such as chil-
dren and the elderly (Semenza, 2020).

While rural areas can also be affected, urban areas are particularly prone to 
flooding and concentrate many of the present exacerbating climate risks. In Chad, 
rapid increase in the population of urban areas also increased the demand for fresh-
water, which has already put excessive stress on the water and sanitation infrastruc-
ture (Howard, 2016; World Bank, 2007).

3  Climate Risk, Vulnerability, and Adaptive Capacity

Climate risk, defined as the probability of hazardous events or trends multiplied by 
impacts if these occur, is the result of the interaction between exposure, vulnerabil-
ity, and hazards (IPCC, 2022). According to the IPCC risk framework, exposure is 
the presence of livelihoods in places and settings that could be adversely affected, 
whereas vulnerability is the propensity or predisposition to be adversely affected. 
Hazards, instead, are interpreted as the likelihood of actual climate physical events 
or trends multiplied by their magnitude (IPCC, 2022).

Vulnerability is a highly complex dimension arising from a wide range of insti-
tutional, geographic, environmental, socioeconomic, biological, and other factors, 
which can vary spatially and temporally. It is also often associated with poverty, as 
impoverished populations are more reliant on ecosystem services for livelihoods, 
are more likely to live in environmentally exposed locations such as flood plains or 
degraded hill slopes, and possess fewer resources to adapt to changing environmen-
tal conditions and recover from disasters. Poverty also influences how people per-
ceive the risks to which they are exposed, how they respond to evacuation orders 
and other emergency warnings, and their ability to evacuate or relocate to a less 
risk-prone location (US Global Change Research Program, 2016). Poorer house-
holds are more likely to be forced into low-agency migration as a means of adapting 
to climate risks and at the same time are the most likely to be immobile or trapped 
in deteriorating circumstances where migration would be a preferred response 
(Fazey et  al., 2016; Leichenko & Silva, 2014). However, the poor cannot be 
addressed as a homogenous group, and so far, studies have failed to sufficiently 
acknowledge the linkages between climate vulnerability, poverty, and heterogeneity 
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(Dodman et al., 2018; Eriksen & O'Brien, 2007). In an attempt to increase resilience 
and prepare for the effects of climate change, it is critical to acknowledge and 
address the distinct experiences and difficulties that many groups, notably women 
and disadvantaged communities, confront. Thus, vulnerability must also be consid-
ered as a gendered dimension.

Women are often claimed to be more vulnerable to the effects of climate change 
for a number of reasons. For instance, women are said to represent a disproportion-
ate share of the poor and, together with children, are found to be more likely than 
men to die during disasters. One example is the Asian Tsunami where the largest 
number of fatalities were said to be women and children under the age of 15. 
Additionally, it has been documented that women in Bangladesh did not leave their 
houses during floods due to cultural constraints on female mobility and those who 
did were largely unable to swim in flood waters. Neumayer and Plümper’s analysis 
(Neumayer & Plümper, 2007) of a sample of 141 countries between 1981 and 2002 
indicated that the adverse impact of disasters on life expectancy of females com-
pared to males is clearly contingent on the extent of socially constructed vulnerabil-
ity. They show that women died more when they were socioeconomically 
disadvantaged. An exception to the contention about women’s higher mortality is 
the case of Hurricane Mitch where more men were said to have died than women. It 
has been suggested that this was due to existing gender norms, as ideas about mas-
culinity encouraged risky, “heroic” action in disaster situations (Röhr, 2006). It 
needs to be noted that the empirical evidence base for the feminization of poverty 
thesis (Arora-Jonsson, 2011; Jackson, 1996) is rather scant. The insistence on wom-
en’s universal vulnerability can have an opposite effect, that is, gender is made 
invisible in the debates on climate change since it is assumed that we know what the 
problem is—the vulnerability of women (Arora-Jonsson, 2011).

Alongside socioeconomic positionality, biological sensitivity is a determining 
factor of vulnerability to climate risk. Sensitivity has been associated with develop-
mental stage (e.g., children are at increased mortality risk from diarrheal diseases), 
pre-existing medical conditions (e.g., diabetics are at increased risk during heat 
waves), acquired conditions (e.g., malaria immunity), and genetic factors (Balbus & 
Malina, 2009). Given their immature physiology and metabolism and their high 
intake of air, food, and water relative to their body weight as compared with adults 
(US Global Change Research Group, 2016), children often have unique pathways of 
sensitivity to climate hazards. Hazards are expected to increase childhood risks of 
malnutrition and infectious disease through their impacts on household food access, 
dietary diversity, nutrient quality, water, and changes in maternal and childcare 
access and breastfeeding (FAO, IFAD, UNICEF, WFP,, & WHO, 2018; Perera, 
2017; Tirado et al., 2010). Children living in locations with poor sanitation are espe-
cially vulnerable to gastrointestinal illnesses, with rates of diarrheal diseases 
expected to rise under many climate change scenarios (Wang et al., 2022).

Throughout this article, we put vulnerability in conversation with the concept of 
adaptive capacity, which we outlined in the previous sections. Some of the key attri-
butes of adaptive capacity are thought to be social learning and knowledge exchange, 
empowerment, and “bridging” social networks that link stakeholders and their 
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resources across administrative levels and spatial scales (Armitage & Plummer, 2010; 
Smit & Wandel, 2006). Notably, empowerment (especially of women), when inte-
grated with other attributes of adaptive capacity, is considered useful for addressing 
complex problems (Butler et  al., 2015). Empowerment has been interpreted and 
defined in multiple ways, but generally, it is embedded within agency-structure ontol-
ogies and defined as the improved potential for individuals to make changes and deci-
sions in their lives (Alkire et al., 2013; Eyben & Napier-Moore, 2009; Woroniecki 
et al., 2019). Additionally, empowerment must be understood relationally as it is not 
just a factor of women’s attainments but also of their equality with respect to men. In 
this sense, empowerment entails increasing power of the low- power group.

Several studies have suggested that improvements in empowerment have multi-
plier effects on the three pillars of sustainable development: economic, social, and 
environmental (Charbit, 2018). Control over household income and education of 
women have been shown to have direct positive consequences on health of the 
household and for children’s access to schooling (World Bank, 2012). Using the 
Women’s Empowerment in Agriculture Index, Malapit and Quisumbing (2015) find 
for Ghana that women’s empowerment is more strongly associated with the quality 
of infant and young child feeding practices. Wouterse (2017) finds for Niger that 
more educated, experienced, and empowered households are more to have put in 
place zaï pits, an on-farm adaptive production strategy. Seymour (2017) demon-
strates for rural Bangladesh that reduced gender disparities within households are 
associated with higher levels of technical efficiency in agriculture.

While empowerment has been linked to the adoption of adaptive production 
strategies in agriculture, there is not much literature on the role of empowerment in 
the adoption of resilience-enhancing strategies in urban settings. This is surprising 
because, particularly under uncertainty, subjectively defined adaptive strategies 
become progressively more important in adaptation action. Higher levels of empow-
erment are expected to positively affect adaptive capacity by increasing the uptake 
of adaptive strategies to mitigate climate risk. As Fig. 5 shows, the expected result 
of the adoption of adaptive strategies is lower vulnerability. This means that house-
holds are able to maintain their welfare in the face of climate hazards such as 
extreme flooding.

4  Empowerment and Adaptation

4.1  An Empowerment Index for Adaptation

We draw on data from the Demographic and Health Survey (DHS) for Chad from 
2014 to 2015 to assess the relationship between empowerment and household 
uptake of adaptative strategies that mitigate the risk of children contracting or being 
severely affected by waterborne diseases. DHS are nationally representative and 
provide a wide range of data to monitor areas such as health and sanitation of both 
adults and children in a household, which matches the purpose of this research. 
Moreover, DHS constitute the largest source of data on women’s participation in 

S. Lazzati et al.
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Fig. 5 Conceptual framework. Source: the authors 

decision-making (Calder et al., 2020). The data is georeferenced and collected in 
both urban and rural areas across all of Chad’s administrative regions, which allows 
us to assess within-country variation. This is particularly important when analyzing 
empowerment in connection with location-specific challenges such as climate vul-
nerability and adaptation. In order to obtain an unbiased estimation and to be able 
to evaluate the sampling errors, a scientific probability sampling methodology is 
used in DHS surveys. A probability sample is defined as one in which the units are 
selected randomly with known and nonzero probabilities. Also, DHS data are avail-
able for many countries over multiple years, enabling the replication of this study.5

Given the multidimensionality of empowerment, which includes concepts such 
as control over personal decisions, autonomy, access to income, involvement in 
decision-making, time poverty, etc. (Alkire et al., 2013; Calder et al., 2020), it is 
common to resort to an index to measure it. An index is a composite measure that, 
based on a set of indicators, provides an indication of the empowerment level in a 

5 Two components of the DHS are used for this study: the individual women’s survey, which con-
tains data on 17,719 women (as well as data for up to six children under the age of 5) of which 
4285 live in urban areas and 13,434 in rural ones; and the individual men’s survey, which contains 
data on 5248 men for all surveyed women.
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given community, city, or country. An empowerment index can be used to enhance 
evidence-based policymaking, monitor progress toward gender equality in the con-
text of certain projects and for policy evaluation purposes in many different areas. 
For our research, we focus on the WEAI, an index that is embedded in a broader 
household setting and captures both individual and household-level empowerment 
(Alkire et al., 2013). The WEAI indicators are reflected in the DHS data available 
for Chad. However, because the WEAI measures empowerment in agriculture and 
we are interested in the role of empowerment in adaptive health capacity in both 
urban and rural areas, we have made some adjustments. Our Multidimensional 
Empowerment Index (MEI) captures the economic and social agency dimensions of 
empowerment through the combination of five domains—employment, income, 
autonomy, leadership, and time. This index reflects the extent to which an individual 
has control of and ability to act upon their own decisions. Each domain features one 
or more binary indicator (see Table 1), which takes the value of 1 when an individ-
ual is considered adequate in a specific empowerment component and 0 when 
instead the individual is considered inadequate.

The employment domain features one indicator that measures the current 
employment status of the respondent. Employment is considered a crucial element 
of economic independence and often used as a partial proxy for empowerment as it 
provides access to an income based on one’s own work engagement (Greig & 
Koopman, 2003). However, access to an income without the possibility to control it 
and choose how to allocate it would mean less independence and reduced agency. 
Therefore, the second domain, income, considers a respondent to be adequate if he 
or she has sole or joint control over their own earnings. For the autonomy domain, 
two indicators are used, each capturing a different aspect of autonomy, which is 
often taken to mean independent decision-making and freedom of physical mobility 
(Bloom et al., 2001; Nigatu et al., 2014). We thus select freedom of movement and 
control over one’s own health and well-being as our indicators. To capture them, we 
use, respectively, the ability of an individual to leave the house by him or herself and 
the control over one’s own healthcare decisions. To measure leadership within the 

Table 1 Multidimensional Empowerment Index—adequacy cutoff scores

Dimension Indicator Cutoff score Weight
Employment Employment Respondent is adequate if currently working 0.20
Income Control over use of 

income
Respondent is adequate if they have sole or 
joint control over use of income

0.20

Autonomy Freedom of movement
Decision over one’s 
healthcare

Respondent is adequate if they have left the 
house alone in the past 12 months
Respondent is adequate if they have sole or 
joint control over one’s healthcare

0.10
0.10

Leadership Input in household 
purchasing decisions

Respondent is adequate if they decide 
(solely or jointly) on household purchases

0.20

Time Leisure Respondent is adequate if they allocate time 
to reading a newspaper or magazine
Respondent is adequate if they allocate time 
to listening to the radio

0.10
0.10

S. Lazzati et al.
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household, we use an indicator of control over household purchases. Due to data 
limitations, leadership outside of the household (e.g., among the community) could 
not be included in the index. Finally, the time domain captures the availability of 
free time to read a newspaper or listen to the radio outside of work or household 
care. Adequacy cutoff scores for all the above indicators are displayed in Table 1.

The MEI is computed for both men and women, to capture the relational compo-
nent of empowerment and compare men’s and women’s scores, but also because we 
consider empowerment as an increase of agency applicable to both women and 
men. Figs. 6 and 7 show important differences in empowerment level with women’s 
total score averaging at 0.25 and men’s total score at 0.48.

Fig. 6 shows that women are particularly inadequate in the income, autonomy, 
time, and leadership domains. To further understand the relevance of urbanization for 
empowerment, we computed urban and rural average empowerment scores for women.

Fig. 7 shows that adequacy in empowerment of women in urban areas is higher 
compared to women in rural areas. We see that the former are more adequate mainly 
because they score higher in terms of adequacy in time.

Fig. 8 shows how empowerment scores are distributed across the country. Wadi 
Fira, in eastern Chad, displays the lowest average empowerment score, and this is 
true when looking at overall scores as well as at rural and urban scores. The Wadi 
Fira region also falls into the higher-risk category of the INFORM subnational risk 
index (2022).6 If we find an association between economic empowerment and 

6 INFORM is a composite multidimensional risk index for disasters and humanitarian crises devel-
oped by the Joint Research Center of the European Commission. It measures domains such as 
hazard and exposure, vulnerability, and lack of coping capacity and is available both at the national 
and subnational levels.

Fig. 6 Adequacy in empowerment of women and men in Chad. Source DHS 2014–2015
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Fig. 7 Adequacy in empowerment of women in rural and urban areas. Source: DHS 2014–2015

adaptive capacity, this could mean that in Wadi Fira, high vulnerability and low 
empowerment significantly hamper adaptation. In contrast, N’djamena yields the 
highest average empowerment score. It is important to specify that all data from 
N’Djamena are collected from urban households as it is a city; therefore, only urban 
results make up its average empowerment score.

4.2  Linking Empowerment and Adaptive Capacity

To study the relationship between empowerment and adaptive capacity, we select 
four adaptation strategies undertaken at the individual level (see Table 2), which can 
contribute to building resilience to infection by waterborne pathogens. We draw on 
existing adaptation research and the specific risk under examination in order to 
identify these strategies. Even though not solely pertaining to the adaptation domain, 
when considered in relation to the risk (contraction of waterborne diseases), these 
strategies can be judged to enhance specific adaptive capacity. For instance, water 
and sanitation interventions are widely regarded as the most effective strategies 
against waterborne infections (Levy et al., 2016). Specifically, water filtration and 
treatment are effective adaptive measures for diarrheal diseases (Mellor et al., 2016). 
However, climate change’s impact on waterborne diseases does not solely depend 
on a system’s ability to respond to a hazard such as flooding but on socio- 
environmental circumstances that increase pathogen exposure (e.g., lack of sanita-
tion facilities, proximity to riverbanks, presence of haphazard urbanization) and, 
importantly, on individual susceptibility (e.g., malnourishment or absence of 

S. Lazzati et al.
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Fig. 8 Mean MEI score per region. Source: DHS 2014–2015; the authors

vaccination) (IPCC, 2022; Levy et al., 2016). The provision of nutritional supple-
ments (Vitamin A) to children and child vaccination (BCG and/or DTP) are there-
fore also selected as adaptive health strategies. 7 It is important to note that the 
surveyed individuals for the latter two adaptation markers are mothers and that only 

7 (Bacille Calmette–Guerin primarily against tuberculosis and Diphtheria, Tetanus, and Pertussis).
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Table 2 Adaptive health strategies for urban and rural households. Source: the authors

Adaptive health strategy All Urban Rural
Woman has health insurance (1 = yes) 0.003 (0.054) 0.012 (0.108) 0.001 (0.025)
Firstborn was given vitamin A 
supplements (1 = yes)

0.276 (0.447) 0.317 (0.466) 0.265 (0.441)

Firstborn was vaccinated for BCG and/
or DTP (1 = yes)

0.334 (0.472) 0.467 (0.499) 0.298 (0.457)

Has applied treatment to make water 
safe to drink (1 = yes)

0.090 (0.287) 0.193 (0.395) 0.0622 (0.242)

Number of observations 12,556 2704 9852

Notes: Standard error in parentheses

Table 3 Pairwise correlations—empowerment (women) and adaptive strategies

Adaptive strategy Empowerment
All Urban Rural

Woman has health insurance (1 = yes) 0.066*** 0.113*** 0.038***
Firstborn was given vitamin A supplements 
(1 = yes)

0.107*** 0.075** 0.115***

Firstborn was vaccinated for BCG and/or DTP 
(1 = yes)

0.131*** 0.051*** 0.147***

Has applied treatment to make water safe to 
drink (1 = yes)

0.090*** 0.099*** 0.078***

Number of observations 12,556 2704 9852

Notes: ***denotes significance at the 1% level; **denotes significance at the 5% level

the observations for the firstborn child are used. 8 Table 2 shows the incidence of the 
different strategies as well as differences between urban and rural households.

Given that urban areas are overall more vulnerable to flooding and often the 
hardest hit, higher levels of empowerment could represent a constructive element if 
empowerment is found to positively affect adaptive capacity. A simple pairwise cor-
relation between women’s empowerment scores in urban and rural areas and the 
four adaptive strategies to mitigate the risk of waterborne disease infection is per-
formed in order to understand the last hypothesis in more depth. Table  3 shows 
strong correlations between women’s empowerment and the four adaptive strate-
gies: the uptake of personal health insurance, administering vitamin A to the first-
born, vaccination against BCG and/or DTP, and water treatment before use. These 
positive correlations suggest that more empowerment is associated with an increase 
in adaptive capacity through the uptake of individual strategies. A stronger 

8 The decision to only use data for one child rather than for several was driven by a lack of compre-
hensive information for subsequent children in the dataset, which would have significantly reduced 
our sample and returned an incomplete picture. We are aware of the limitations this might generate, 
namely because of the existing gender bias in decisions over health expenditures and care (Khera 
et al., 2014), which relates to higher observed health expenditure and care for boys.
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correlation with health insurance in urban areas and with vitamin A supplements 
and vaccinations in rural areas is found when urban and rural women’s empower-
ment was looked at separately.

We use regression analysis to obtain a clearer understanding of the effect of 
empowerment on adaptive capacity. In addition to the empowerment index, human 
capital variables of the respondent and of the household head, asset ownership vari-
ables, and an indicator for the location of the respondent (either urban or rural) are 
included within the analysis as well as climate variables. A system of equations is 
specified as follows:

 p MEI M A G Ri i= + + + + + +α α α α α α ε
0 1 2 3 4 5

 (1)

 p MEI M A G Rn n= + + + + + +γ γ γ γ γ γ ε
0 1 2 3 4 5

 (2)

 p MEI M A G Rw w= + + + + + +β β β β β β ε
0 1 2 3 4 5

 (3)

 p MEI M A G Rv v= + + + + + +δ δ δ δ δ δ ε
0 1 2 3 4 5

 (4)

In Eq. 1, the probability of the household being covered by health insurance (pi) is 
explained by our variable of interest MEI, a vector of individual and household 
characteristics; M, age and education, a vector of household assets; A, ownership of 
land or of a home, a vector of household-level geographical variables (G), including 
a binary variable, which takes the value of 1 is the household is located in an urban 
area and 0 if not and a vector of climate variables, R. Similarly, in Eqs. 2, 3, and 4, 
the dependent variables are, respectively, the probability of the administration of 
nutritional supplements to the firstborn, the probability of water treatment, and the 
probability that the firstborn is vaccinated against BCG and/or DTP. The system of 
Eqs. 1–4 is estimated as a seemingly unrelated probit regression with regional fixed 
effects and clustered standard errors.

5  Results

Regression results for determinants of the uptake of the various adaptation strate-
gies are given in Table  4. A positive significant relation between empowerment, 
uptake of health insurance, water treatment, and the decision to vaccinate the first-
born child is observed. The latter result is similar to that of Wendt et al. (2022) who 
finds for low- and middle-income countries that children of more empowered 
women are less likely to be left out of complete vaccination cycles and that wom-
en’s intrinsic agency is a strong determinant of child vaccination. Contrary to expec-
tations, see, for example, Santoso et al. (2019), no statistically significant relationship 
is observed between empowerment and administration of vitamin A supplements. 
Instead, education seems to be a better predictor here. In addition to empowerment, 
education is a strong determinant of the uptake of all four adaptive health strategies. 
The average formal education level of women in our sample is less than 2 years 
against almost 4 years for men. The sex of the household head also plays an 
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Table 4 Multivariate probit results

Health 
insurance Vitamin A

Water 
treatment

Vaccination BCG 
and/or DTP

Age respondent 
(years)

0.010 (0.009) −0.015 
(0.002)***

0.001 (0.003) −0.028 (0.002)***

Education 
respondent (years)

0.073 
(0.011)***

0.021 
(0.005)***

0.062 
(0.006)**

0.046 (0.005)***

Empowerment 0.960 
(0.251)***

0.042 (0.052) 0.132 (0.079)* 0.257 (0.058)***

Sex of household 
head

−0.051 
(0.168)

0.097 
(0.036)**

0.011 (0.059) 0.112 (0.038)***

Age of household 
head

0.003 (0.006) −0.005 
(0.001)**

−0.003 
(0.002)*

−0.007 (0.001)**

Household size 0.009 (0.018) 0.021 
(0.004)***

0.024 
(0.007)**

0.032 (0.004)***

Owns land 0.369 
(0.183)**

−0.041 
(0.053)

0.062 (0.062) −0.022 (0.047)

Owns house −0.290 
(0.187)

0.033 (0.055) −0.071 
(0.061)

−0.052 (0.049)

Location 
(urban = 1)

0.639 
(0.185)***

0.233 
(0.053)**

0.473 
(0.068)**

−0.386 (0.059)**

Wet days 2015 
z-score

−1.060 
(0.579)*

−0.126 
(0.281)

−0.633 
(0.442)

−0.739 (0.338)**

Rainfall 2015 
z-score

2.131 (1.197)* 0.303 (0.693) −0.657 
(1.174)

0.825 (0.848)

Constant −3.347 
(0.887)***

−0.872 
(0.922)

−4.235 
(1.538)***

−0.352 (1.063)

R-squared 0.30 0.11 0.14 0.14
Number of 
observations

12,556

Notes: Clustered standard errors in parentheses
Regional level fixed effects are not reported
***denotes significance at the 1% level; **denotes significance at the 5% level; *denotes signifi-
cance at the 10% level

important role in the administration of vitamin A as well as in vaccination decisions, 
which are both more likely in households headed by a male. In terms of assets, land 
ownership is positively correlated with the uptake of health insurance. Location—
urban or rural—explains the uptake of the four adaptive health strategies but not in 
the same direction. Women in urban areas are more likely to have taken up health 
insurance, administered vitamin A to their firstborn, and treated their water before 
drinking and to have vaccinated their firstborn against BCG and/or DTP. Our cli-
matic variables, the z-scores for the number of wet days in 2015 as well as the 
z-score for 2015 rainfall are, respectively, negatively and positively associated with 
uptake of health insurance. The z-score for the number of wet days in 2015 is also 
negatively associated with vaccinations.

S. Lazzati et al.



205

Table 5 Interaction effects

Health insurance Vitamin A Water treatment
Vaccination BCG 
and/or DTP

Empowerment 0.003 (0.002) 0.003 (0.018) 0.009 (0.011) 0.117 (0.190)***
Education 0.001 (0.000)*** 0.010 (0.002)*** 0.014 (0.001)*** 0.023 (0.002)***
Location −0.008 

(0.002)***
0.061 (0.015)*** 0.058 (0.010)*** 0.191 (0.017)***

Empowerment 
X Location

0.024 (0.005)*** 0.034 (0.037) 0.021 (0.024) −0.151 (0.040)***

Education X 
Location

0.002 (0.000)*** −0.004 (0.003) 0.003 (0.002) −0.011 (0.003)***

Notes: standard errors in parentheses
***denotes significance at the 1% level; **denotes significance at the 5% level; *denotes signifi-
cance at the 10% level

To further unpack the location effect, some interaction terms are introduced. 
Results are given in Table 5. Indirect effects suggest that there is significant compli-
mentary role of location in the uptake of health insurance. Women in urban loca-
tions who are more empowered and more educated are more likely to have taken up 
health insurance. For the administration of vitamin A, there is no complimentary 
location effect, and more educated women in either location are more likely to 
administer vitamin A to their firstborn. Similarly, for water treatment, there is no 
complimentary effect of location with respect to education and empowerment, 
while education remains strongly significant. Lastly, a trade-off between empower-
ment and location was noted for vaccinations, where women who were more 
empowered were less likely to vaccinate their firstborn when in an urban setting. 
The direct effects of empowerment and education on vaccination remain strongly 
significant.

6  Conclusion and Policy Implications

Water insecurity is one of the key risks associated with climate change and can 
manifest with the spread of waterborne diseases during flooding events. Chad is 
subject to a multiplicity of water insecurity-related stresses and shocks, including 
flooding, but levels of responsiveness have remained low. Urban areas in Chad are 
particularly affected by flooding, while the lack of services in and marginalization 
of informal urban settlements make them especially vulnerable to water insecurity. 
Various adaptive strategies can be adopted to mitigate the risk of waterborne dis-
eases: health insurance uptake, provision of nutritional supplements, water treat-
ment, and child vaccination. But so far, it has not yet been understood what the 
drivers of the uptake of these strategies are. In particular, the role of empowerment 
has remained relatively under analyzed although it has been identified as a critical 
element of adaptive capacity.
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In this chapter, we used the 2014–2015 DHS data to formulate an empowerment 
index based on adequacy in the employment, income, autonomy, leadership, and 
time domains and assess the role of empowerment in relation to the uptake of four 
adaptive health strategies that could mitigate the risk of waterborne diseases, which 
are particularly prevalent during flooding. Empowerment scores indicate that there 
is a significant gap between men and women in both rural and urban areas. In par-
ticular, women are found to be less adequate compared to men in terms of employ-
ment, autonomy, and leadership. Women in urban areas are more empowered 
compared to women in rural areas, in particular because they are more adequate in 
the time domain.

Our regression results for the adoption of the four adaptive strategies demon-
strate the role of women’s empowerment in the uptake of various adaptive health 
strategies. More empowered women are more likely to have taken up health 
insurance, to treat their water before drinking, and to vaccinate their firstborn. 
This means that, when women are more empowered, they themselves as well as 
their children are less at risk of water insecurity. Interaction effects reveal that 
there are important differences between urban and rural areas where there is a 
positive indirect effect of empowerment and an urban location on insurance 
uptake but a negative indirect effect of empowerment and an urban location on 
vaccination.

While adaptive capacity remains strongly associated with the level of education, 
the important role of empowerment opens up a window for understanding and plan-
ning interventions that enhance empowerment. As women are particularly inade-
quate compared to men in the domains of leadership, autonomy, and employment, 
various channels for strengthening empowerment can be explored. For instance, 
creating employment opportunities for women could be a particularly promising 
strategy. To help households adapt and mitigate the risk of water insecurity, local 
and central government authorities, nongovernmental organizations, and external 
funding and/or implementing agencies could adopt policies and collaborate with 
local institutions to create jobs and build skills.

Finally, the higher levels of empowerment and adaptive capacity found in urban 
areas, which tend to be more heavily affected by flooding and the related spread of 
waterborne disease, constitute a promising finding. An understanding of the specific 
impact pathways for enhanced adaptive capacity would offer opportunities to design 
interventions that can be scaled. Further research on the topic should also include 
dedicated data collection in urban and rural areas to understand different trends and 
needs. An expansion of our research through an analysis with georeferenced climate 
vulnerability data (flooding, extreme temperature, extreme precipitation) as well as 
additional waves of nationally representative household-level data presents an 
important next step. 
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