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1. Climate resilience, Climate-Smart Agriculture and gender
The increasing variability in climatic events threatens the sources of livelihood of many,
including a large number of smallholder farmers. The occurrence of extreme events (e.g.
droughts or floods) coupled with the unpredictableness of climate change (e.g. shortening or
lengthening of cropping seasons) is already experienced in Sub-Saharan Africa (Jost et al.,
2015; Morton, 2017; Mutabazi et al., 2015). This adds to the current situation of vulnerability
of many rural producers who depend on a stable natural resource base. In the face of the
inevitability of future water stresses and system-wide heat, farmers need to find adaptation
strategies or expect reduced yields (Komba & Muchapondwa, 2018).
Climate-Smart Agriculture (CSA) offers a framework for transforming and adapting
agricultural systems to maintain food security in the context of climate change (Lipper et al.,
2014). It is defined as an approach that increases productivity and resilience and reduces
the emission of greenhouse gases (FAO, n.d.). It thereby regards climate change as a
determining factor for the planning of sustainable agricultural strategies. Practices and
technologies are varied and comprise agroecological farming methods, ecosystem
management but also improvements of agricultural value and food chains (Nyasimi et al.,
2014).
Climate change, however, does not affect all households to the same extent. Rural women
tend to be particularly at risk from adverse effects (Mnimbo et al., 2015): their tasks are
rather sensitive to climate variance (e.g. firewood or water collection), their participation in
farming increases as men migrate, their access to productive inputs and extension services
is often low and the socio-cultural environment can hamper their adaptive capacity (Jost,
2015). Farmers’ resilience is not influenced by their gender alone, but by the gender roles
which dictate what is expected and acceptable for each sex and create gender-specific
obstacles and needs.
This paper studies the relationship between gender roles and the uptake of CSA practices
by smallholder farmers. To shed light on the issue, I use an extensive baseline study
collected at household level among 33 rural villages of Iringa District, in Tanzania, for a
research project of CARE Tanzania, CIAT, Sokoine University and Wageningen University.
Despite being a small contributor to climate change on a global scale, Tanzania already
suffers its effects (USAID, 2018; Shemsanga, 2010), whereby over 70% of natural disasters
are estimated to be linked to climate change (Irish Aid, 2017). In semi-arid areas of Iringa
District, changes in rainfall and temperature patterns as well as in quantities of crop pests
and diseases have already been noted (Kihupi, 2015). In response, the government of
Tanzania (in collaboration with various partners) aims at making its agriculture resilient to
climate change. Initiatives such as the National Adaptation Programme of Action (NAPA
2007), the CSA Guidelines (CSA-G 2017) or the CSA Profile (CSA-CP 2017) point up the
opportunities for CSA in the country and the importance of mainstreaming gender
considerations. In Iringa, many CSA practices (e.g. drought-tolerant varieties, agroforestry,
manure management) can be applied and some (e.g. irrigation, intercropping) are commonly
used by farmers, despite a low awareness that these practices can help them against
climate variability (Osiemo & Kweka 2019).
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I group CSA practices in six categories (crop management, improved varieties, soil
conservation, conservation farming, crop diversification and irrigation) after performing a
factor analysis and construct five gender indicators based on the Women’s Empowerment in
Agriculture Index (WEAI). These gender indicators measure whether decisions about
agricultural production, resources, income, participation in socioeconomic groups and time
spent on domestic tasks are equally shared within couples. After describing the data with
descriptive statistics, I study the relationship between gender indicators (as well as other
demographic factors) and CSA practices with a multivariate model, which is commonly used
to determine factors of adaptation (Rakgase & Norris, 2014; Tazeze, 2012).
I find that although female-headed households generally have lower endowments in
resources than male-headed ones, they do not adopt significantly less CSA practices than
the latter group. I nevertheless maintain that particular attention should be given to these
households in future research and extension programmes since their low endowment in
resources may become an obstacle for the transformation of their production systems. While
the intra-household division of resources is not strongly associated with the uptake of
practices, the division of decision-making and income plays an important role. Moreover, I
observe that the participation of women in socioeconomic groups and the equal division of
domestic tasks is positively related to the adoption of multiple CSA practices. Crop
diversification (crop rotation and intercropping) is highly linked to a high gender equity within
the household. This confirms the importance of taking into account intra-household
dynamics for future programmes aiming at improving farmers’ climate resilience.
I conduct multiple robustness tests to assess the stability of the gender indicators. I thereby
employ non-linear regression methods, alternative specifications of explanatory and of
dependent variables as well as reduced data subsets. The estimates appear to be robust:
gender equity is significantly linked to the uptake of several CSA practices.
This paper provides an important contribution to the literature on gender issues in
agriculture. Multiple studies research the role of women in small-scale farming, in particular
with regard to climate change (Damptey & Essel, 2012; Nyasimi & Huyer, 2017; Swai et al.,
2012). Nevertheless, this paper is one of the few which specifically address how gendered
constraints shape the uptake of CSA practices. I also contribute to the literature by adapting
an important gender research framework and making its use widely applicable. Finally, the
results help gain insight into the potential of the CSA/SuPER project realised in Iringa to
increase gender equity among smallholder farmers.
The rest of the thesis is organised as follows. Section 2 of this paper summarises the theory
on climate resilience and details how gender roles can impact climate resilience. Section 3
details the methodological approach. In Section 4, I present the descriptive results and the
results from the multivariate regression. Finally, Section 5 closes this paper with a discussion
and conclusion.
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2. The importance of gender roles in adaptation to climate change
In this section, I start by defining CSA practices and present how researchers have studied
their uptake and the barriers to their uptake, as well as the role that gender has played in
their research. Then, I detail why it is necessary to incorporate gender roles in studies on
climate resilience and how they have been included in the literature until now. I shortly give
further relevant control variables for this analysis and summarise the discussion with my
conceptual framework and hypotheses.

2.1. Agriculture in a context of increasing climatic variability: Climate-Smart
Agriculture
CSA practices aim at reorienting agricultural systems to ensure food security for all people at
all times despite changing climatic conditions. CSA tackles this by: 1) sustainably
incrementing agricultural productivity and incomes; 2) adapting and increasing resilience to
climate change; 3) reducing greenhouse gas emissions from agriculture (FAO, n.d.; Lipper et
al., 2014).
Researchers often study climate resilience in relationship to farmers’ “adaptation” capacity.
This term has established itself as an evidence of the vulnerability of rural people (Roncoli et
al., 2011). In this research, I define CSA practices primarily as ways to adapt to future
climate shocks (Table 1). In order to study how farmers adapt and answer to climate change,
I examine in particular which CSA practices are adopted and what determines their adoption.
Table 1. Defining adaptation strategies

Adaptation strategies
Definition

Permanent changes in ways in which food is acquired through
medium and long-term strategies (Yohe & Tol, 2002)

Related terms

CSA practices; adaptive capacity

Timing of adoption
(regarding timing of
climate shock)

Ex-ante

Field

Mostly agronomical

Common examples in
literature¹

Soil, crop and water management techniques (adjusting
irrigation area, drought-tolerant crops, water conserving
technologies, reforestation/agroforestry, adapting the quantity
of livestock or the farming area), investments in efficient
resource use (e.g. cooking with gas and solar cookers)

¹ Mehar et al., 2016; Mengistu, 2011; UNEP, 2003; Cooper et al., 2008; IRI, 2006
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The determinants of smallholders’ adaptive capacity (studying both what determines practice
uptake and what hinders it) have already been extensively researched, particularly in West
and East African countries.
Francis et al. (2017) used a cross-sectional survey of 428 households to identify which
factors determine the uptake of adaptation strategies in Southern Malawi (a region
particularly vulnerable to climate-related disasters). The results of the multinomial model
indicate that the age of the household head, a higher land area owned, and engaging in
petty trading or formal employment reduced the probability of adopting more than two CSA
technologies. The amount of land owned is mentioned in other African studies as a proxy for
individuals’ wealth, but it is also found to positively impact the uptake of CSA practices
(Cavanagh et al., 2017). Being a “lead farmer” (ample access to extension and training) and
perceiving an increase in the frequency of floods in the 20 years preceding the study
positively impacted the chance of adopting more than two practices. Interestingly, income
did not significantly influence the results.
A research done in Rajasthan state (India) collected data through survey and group
discussions with 346 households among 16 villages in order to define the determinants of
farmers’ choice of CSA technologies. The authors determine six categories of technologies
(i.e.
water-smart,
energy-smart,
nutrient-smart,
carbon-smart,
weather-smart,
knowledge-smart). The control variables are not statistically significant for the uptake of
every single technology (e.g. being an experienced farmer is not significant for the uptake of
carbon-smart practices). The authors conclude that farmers’ preferences can vary from
practice to practice depending on their farming experience, gender, caste, income level,
landholding size, farming system (i.e. rainfed or not) and location (i.e. with regard to rainfall)
(Khatri-Chhetri et al., 2017).
Hassan and Nhemachena (2008) also found that the adoption of every single CSA practice
has its own determinants. Their research used a cross-sectional survey of over 8000 farms
in 11 African countries to identify the determinants of 10 farm-level adaptation measures
(e.g. multiple crops under dryland, specialised crop under irrigation). High temperatures
have a higher impact than changes in rainfall on the uptake of climate-smart systems, and
farming experience promotes the uptake of most practices. Some factors (i.e. access to
electricity, ownership of machinery, access to markets) particularly promote the uptake of
irrigation and intensive livestock production systems. The data do not reveal any specific
impact of farmers’ gender on the uptake of CSA practices. Still, they suggest that
female-headed households are less likely than male-headed ones to switch from
mono-cropping to more sustainable land uses.
Researchers have also investigated which barriers prevent the uptake of CSA practices.
Peterson (2014) listed existing technologies in Ghana through a questionnaire survey in
addition to focus group discussions and semi-structured interviews with 60 households. He
found that non-adoption does not often result from a lack of familiarity with the practices.
Rather, smallholders indicate issues such as “lack of sufficient financial capital, difficult
access to or low availability of the necessary agricultural inputs (tools, seeds and fertilizers),
and in some cases insufficient labor to carry out the practice”. Women appear to be less
aware of certain practices than their spouses (e.g. erosion control practices, mulching, water
harvesting, improved livestock breeding). This distinction between male and female farmers
significantly impacts the uptake of CSA practices in numerous studies (Hassan &
Nhemachena, 2008; Okonya et al., 2013). This is mainly due to lower awareness levels,
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lower access to and/or control over resources and lower participation in decision-making
processes for female farmers (Twyman et al., 2014).

2.2. Impact of gender roles on uptake of CSA practices
As exemplified by the last paragraph, the importance of gender in climate resilience is widely
recognised. Nevertheless, women still tend to be seen as a homogeneous group (Perez et
al., 2015, Djoudi & Brockhaus, 2011) and gender alone does not suffice to explain
differences in adaptation capacity. Traditional analyses tend to solely consider the sex of the
farmer as a variable of interest and fail to understand that gender roles and intra-household
dynamics also influence resilience (Jost et al., 2015).
I define gender roles as societal norms based on individuals’ biological and perceived sex
(Kakota et al., 2011). They dictate which conducts are expected and/or acceptable and
influence how individuals dress, speak, think and interact within society. These roles are
typically constructed according to notions of what is feminine and masculine, whereby some
expectations are similar in most cultures and others vary within and across cultures. Along
with a multitude of socioeconomic and institutional factors and biologically-constructed roles,
they create and reinforce gender-specific obstacles, preferences, needs and beliefs (FAO,
1997).
According to the FAO (2007), women and men adapt to climate variability depending on their
needs, knowledge and access to resources. Many studies also acknowledge women’s lower
ownership level and control of resources, limited access to education, credit and information
(Ajani et al., 2013; Huyer, 2016), which leads to gender-differentiated strategies (Kakota et
al., 2011; Smyth & Sweetman, 2015). While structural barriers to gender equality (e.g. lower
land tenure security due to male preference in inheritance, access to agricultural extension
services, time constraints, risks of violence) may make investments in CSA riskier, gender
equity (the process to achieve gender equality) is critical for the uptake of practices
(Glemarec, 2017; Twyman et al., 2017). An intra-household survey studying the adaptation
of 156 couples in Kenya revealed that there is no statistically significant difference among
couples when it comes to specific livestock-related practices. Some crop adaptation
measures however significantly differ among male and female spouses, particularly
regarding changes in crop adaptation, increase in land for production, irrigation, soil
conservation and management (mostly adopted by wives) and uptake of agroforestry (mostly
adopted by husbands). Husbands have higher access to extension services, while women
have a higher access to weather forecast. Gendered perceptions of climate change are also
found to influence farmers’ adaptive behaviour (Ngigi et al., 2017).
It should be noted that gender-differentiated strategies also influence gender relations
(Djoudi et al., 2016), which can favour either gender. Kabote et al. (2014) signal that the
increased production of sunflower (a relatively drought-tolerant crop) in Tanzania has
increased household incomes, but these are not always equally distributed between spouses
and weeding/processing work has increased for female farmers. Migrating in search of
employment is conversely only expected from men (Nombo et al., 2015; Nelson & Stathers,
2009).
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2.3. Other important factors influencing adaptation and gender roles
According to the literature presented above, age and education are believed to influence
both adaptation and gender roles. Moreover, access to extension, to credit, distance to road,
farm area, ownership of livestock and of agricultural assets and village-specific effects are
often cited as relevant control variables. I thus include all nine variables as control variables
in this analysis.
Besides influencing an individual’s power within its household, the age of a farmer partly
determines their ability to make decisions, whereby young farmers are more likely than older
ones to change current farming systems (especially for the adaptation of practices such as
agroforestry which yield benefits after several years). The literature is not consistent on the
effect of age on practice uptake. Ngigi et al. (2017) conclude that the age of the farmer and
their spouse is statistically insignificant for the uptake of crop and livestock-related CSA
practices in Kenya, while Mehar et al. (2016) find that Indian farmers will prefer not to have
additional jobs as they grow older.
The education level a
 nd in particular the literacy of a farmer can influence their capacity to
make decisions about new farming practices. Mehar et al. (2016) notice that educated
decision-makers will tend to engage in sustainable agriculture practices (e.g. crop rotation).
In Ethiopia, Deressa et al. (2010) conclude that high levels of education positively influence
the use of one or of a combination of practices.

2.4. Summary of the discussion and theoretical framework
Figure 1 illustrates the mechanisms through which climate variability and shocks can result
in gender-differentiated adaptation. I assume in this research that climate variability affects
all households of a community. Nevertheless, the extent to which each individual is affected
depends on their responsibilities within the household and community.

Figure 1. Conceptual framework (adapted from Kakota et al., 2011 and Oxfam, 2008)
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The “gender wheel” (in blue) lays out how access to resources changes or reinforces gender
roles. Gender-specific expectations and obstacles determine individuals’ endowment in
resources (such as asset ownership, income use/control, input in productive decisions,
information/knowledge and workload). These five elements are based on a framework
illustrating the components of gender equity - the Women’s Empowerment in Agriculture
Index (WEAI). This index lists crucial indicators of gender equity within five domains:
production, resources, income, leadership and time (IFPRI, 2012). Most of the literature on
gender roles and climate resilience supports the selection of these categories (Huyer, 2016;
Ajani et al., 2013; Djoudi & Brockhaus, 2011).
The power of an individual (over their own life and over others) depends on their access to
resources. In turn, it is likely to reinforce or reshape gender roles. In regions where natural
resources become scarce and women are mostly responsible for fetching food and collecting
water, climate variability further increases workload. This compromises their access to food
and education as well as the time dedicated to income-generating activities, thereby
reducing their power. Men can be expected to migrate and look for other income sources,
thus resulting in new responsibilities for women at the homestead.
Figure 1 challenges the assumption of a “unitary” household model and hypothesises that
the household’s adaptive capacity depends on its resource endowment, not only at
household level but also within the household (relationship evidenced by the green cells).
Consequently, one can expect that the level of gender equity within a household will
influence climate resilience. The fact that gender-differentiated strategies may in turn alter
gender roles is evidenced by the dashed purple line.
Figure 2 completes Figure 1 by giving depth to the term “adaptation” and showing that the
choice of CSA practices is conditioned by a variety of factors. More importantly, it evidences
the differences between the CSA practices researched in this study, which will help the
reader understand the hypotheses detailed hereafter. Despite being based on an extensive
range of publications, this representation is purely indicative and does not pretend to
represent exact relationships between the practices.
Figure 2 suggests that the CSA practices researched differ greatly in their capital intensity,
whereby crop diversification does not require much capital, in contrast to irrigation or
improved varieties. Moreover, not all practices are expected to contribute to household food
security to the same extent: crop diversification, irrigation and improved varieties are namely
expected to have the highest impact. The payback period, defined as the time before
farmers can expect to earn their investment back, might be counted in years for practices
such as soil conservation or conservation farming, in contrast to a few months for irrigation.
Finally, the requirement for female labour is not the same for all technologies and can be an
obstacle for households with little labour available. While conservation farming calls for a low
amount of female labour, crop diversification is much more demanding.
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Figure 2. Female labour requirement, capital intensity, payback period and contribution to household
food security per agricultural practice (Data source: adapted from Brooker, Bennett, Cong, Daniell,
George, Hallett et al., 2014; World Bank Group, FAO & IFAD, 2015; Gerwien, 2019)

The following mechanisms detail the link between gender roles and climate resilience as well
as the proposed hypotheses.
The first mechanism is the gender-differentiated attitudes towards risk. Women are often
found to be more risk-averse than men, which can negatively affect the adoption of new crop
varieties or new technologies, but positively affect the purchase of crop insurance or the
uptake of practices which ensure immediate food security (Jianjun et al., 2015; Binswanger,
1980; Wik et al., 2004). Depending on the division of resources and decision-making, the
woman’s own risk perception might have a strong influence on the household’s practices.
Thus, I suggest H1: The division of control over resources and decision-making
between household members shapes the decision to adopt specific practices. In
particular, practices that highly contribute to food security (e.g. crop diversification,
irrigation) are favoured as women’s control over resources and income increases (in
contrast to men owning resources and controlling income alone).
Secondly, a relatively equal distribution of domestic tasks might change the allocation of
labour on the farm and thus determine the adoption of particular practices. Production in
many Sub-Saharan countries is often carried out on many plots controlled by different
individuals. Plots controlled by women tend to exhibit lower yields than plots controlled by
men due to lack of inputs. A study from Botswana found that yields of female farmers were
about 30% lower than men’s yields, and that higher outputs could be reached by reallocating
labour and fertilisers (Udry, 1996). Thus, I suggest H2: The division of domestic tasks
between household members influences their labour allocation and thus their
decision to take up specific practices. In particular, the adoption of labour-intensive
practices (e.g. crop diversification, soil conservation) may be enabled as women’s

12

domestic burden decreases (in contrast to women being responsible for all the
domestic tasks).
Thirdly, the participation of women in socioeconomic groups may ensure that even in case of
death or disability of the spouse, they do not necessarily slide into poverty and have an
adequate adaptation capacity. Participating in groups also helps individuals gain agronomic
and economic skills and increases their social capital and thereby their sources of
information. Thus, I suggest H3: The participation of women (and not only of men) in
socioeconomic groups influences the household’s decision to adopt specific
practices. In particular, uptake of knowledge- and/or capital-intensive (e.g. irrigation,
improved varieties) practices may be facilitated.

3. Data and methodology
In this section, I present the data and shortly explain the agroecological context of Iringa. I
introduce my statistical model, detail the transformations made to the independent variables
and finally present the gender indicators as well as the control variables.

3.1. Data sources and sampling
The dataset studied stems from a large primary household survey collected under the
CSA/SuPER project in the District of Iringa, in Tanzania. The region’s climate has shown
important changes in the past 40 years. The average temperature has increased by more
than 0.5°C, whereby temperatures during the second growing season have exhibited a large
annual variation. Heat stress and drought risk are higher now than 40 years ago, and annual
average precipitations vary remarkably. CIAT projections for the next 45 years expect a
further increase in temperature, which will strongly affect production systems. Drought in
particular is a major risk for the production of both food crops such as maize (65% of the
land under food crop production in 2015) and cash crops such as tomato (5% of the land
under cash crop production in 2015) (Osiemo & Kweka, 2019).
This study uses data collected by a research project of CARE Tanzania, CIAT, Sokoine
University of Agriculture and Wageningen University. The questions were designed primarily
by researchers from CIAT and from the universities, and the interviews were conducted by
students of Sokoine University from mid-September to end October 2018.
960 households were selected from 33 villages in total (15 project villages and 18 control
villages) (Figure 3). The control villages were selected with the help of the Ministry of
Agriculture’s local government on the basis of a) their agroecological similarity with the
project villages and b) a minimal level of intervention from external organisations. Figure 3
shows the location of the project and control villages within Iringa District and its
agroecological zones.
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Figure 3. Distribution of project villages in the agroecological zones of Iringa District (Data source:
CSA/SuPER Baseline survey, FAO, RCRMD)

In every village, households were randomly selected with the help of lists communicated by
village leaders and extension officers. In the project villages, 40 households were selected1.
In the control villages, 20 households were randomly selected. In each household, the
household head or a family member taking part in agronomic decision-making was
surveyed. 96.9% of the respondents designated crop or livestock farming as their main
occupation. This data collection should not be considered as representative for the whole
Iringa District.

1

Out of the 40 households, 20 households participated in Farmer Field Business Schools (FFBS) and 20 did not.
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3.2. Methodology
The most common analytical methods for adoption decision studies are the multinomial logit
model (MNL) (Hassan & Nhemachena, 2008; Deressa et al., 2010) or multivariate models
(GC & Yeo, 2019; Mulwa et al., 2017; Ndiritu et al., 2014; Mehar et al. 2016).
I used a multivariate regression model since households tend to simultaneously use a mix of
practices, which implies that decisions for adaptation are inherently multivariate. This
statistical model allows to estimate multiple outcomes simultaneously and allows for
correlation between the decisions2. Univariate models are also inadequate as they ignore the
potential correlation of random error components of the practices, which excludes
information about interdependent and simultaneous adoption decisions (Dorfman, 1996).

The general specification of the model is:
(A) Y

ab

= β ab x ab + ε ab , where:
○ b = 1, …, n represents a category of CSA practices (here n = 6);
○
○

○
○

○
○

a = 1, …, n represents the household (here n = 7753);
Y ab is a count variable for all CSA practices but irrigation, and a binary
variable for irrigation. It estimates the number of practices within the category
b that are taken up by the a th household, with Y b = 0 when the household
does not adopt any technology;
β ab is a τ x1 vector of unknown parameters (to be estimated);
x ab is a 1x τ vector of variables that is related to the decision of the household
a to adopt the practice b . These variables correspond to the independent
variables presented in section 3.3 (gender indicators as well as nine further
control variables);
ε ab is the unobserved error term with a multivariate normal distribution;
equation (A) is a system of n (n = 6) equations to be estimated.

3.3. Independent variables
3.3.1. Gender indicators
I constructed five gender indicators in order to study the influence of gender equity on CSA
practices. These indicators are based on five domains of empowerment (also called 5DE),
which form the main sub-index of the Women’s Empowerment in Agriculture Index (WEAI).
2

It is more relevant for our analysis than a multinomial model, which is used when the dependent variable is
categorical. This would prove adequate in design settings where researchers estimate which practice among
different options is chosen by the farmer (Hassan & Nhemachena, 2008). Moreover, an underlying assumption of
the multinomial model is the independence of irrelevant alternatives, which states that the error terms of the
different equations are not correlated. We nevertheless stated that the farmers in this research often adopt
several CSA practices jointly.
3
I ignored the observations for which respondents were widows/widowers or other family members as they did
not reflect gender roles. For this reason, 185 observations were dropped and the sample size was reduced to
775 households.
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These five domains measure how much control individuals have within their households over
production decisions, resources, income, leadership in the community and time use. Each
domain contains one or more indicators, for a total of ten indicators across the five domains.
The final empowerment score for each individual takes a value between 0 and 1, whereby
greater values indicate a greater empowerment and each one of the five domains
contributes to 20% of the total score. The WEAI also consists of a second sub-index which
reflects the empowerment gap between the primary adult male and female household
members and contributes to 10% of the overall score.
Due to time limitation in data collection, the baseline survey did not allow to follow the exact
same methodology as the one used by the WEAI. My indicators did not reflect some
important indicators of the WEAI domains, such as leisure time, decisions on credit and
capacity to speak in public. Moreover, I did not construct the second sub-index since the
original survey only interviews one member of each household. This might be seen as a
limitation of the study.
Table 2 describes the content of the indicators constructed and the WEAI domains. It shows
the average value scored by all households of the sample on each dimension. Resources
are quite equally distributed between individuals, whereby households score a relatively high
average value of .86 out of 1 on this indicator. In contrast, time spent on domestic tasks is
the least well-distributed, whereby the mean score is .18 out of 1.
The computations can be found in Table A1 (Appendix A). All five indicators score between
0 and 1, whereby 1 reflects a high gender equity within the household. I assumed high
gender equity when the primary adult female had sole or joint control over resources or
decision-making (or according to other WEAI guidelines). Some important notes for
indicators by domain is as follows:
● The Production domain is based on three indicators reflecting decisions about inputs
and practices used as well as farm products.
● I selected the major household assets of the Resources domain a) if they were
owned by at least 200 households and b) if at least 30% of the households that
owned them also believed that they were useful for coping against shocks. This
eliminated the least useful assets from the analysis (e.g. DVD players) and reduced
the resources to radios, phones, sprayers, kraals, storage facilities and chickens.
● The Income domain is computed as the average of ten indicators measuring control
over a) revenues and b) expenditures. For example, it reflects who decides how to
spend the income from cash crops or who receives the income from the sale of small
livestock.
● The Time domain is only proxied by one indicator: who is mostly responsible for food
preparation.
● The Leadership domain is based on three indicators indicating whether women are
members of at least one socioeconomic group. These three indicators take into
account the fact that household members are found to be part of as many as three
groups.
I also sum the scores of all five domains, which gives a unique indicator of empowerment
per household that I call empowerment score. I first use it to examine whether the
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households that adopt different practices differ in their level of empowerment, and I then use
it as a robustness test.
As a result of the strong correlation of .82 (p<.05) between Production and Income (both
estimate the distribution of decision-making in the household) (Table A3, Appendix A), I
create a variable Decision (reflecting the average score of both) in order to avoid
multicollinearity in the model.
Table 2. Description of gender indicators

3.3.2. Control variables
I defined nine control variables likely to influence the uptake of adaptation practices and also
potentially correlated with gender roles (Table 3). The computations of these control
variables can be found in Table A2 (Appendix A) and further explanation is given in the
descriptive statistics section. The details of those control variables are as follows. Farm area
reflects the sum of the area of each cultivated field. I replaced missing values (resulting from
farmers often ignoring the exact size of their fields) by the average field size of each farmer’s
farm. Household wealth reflects the sum of various agricultural assets owned4. I also
considered including the roof type, but the answers did not provide enough variation for the
variable to be of use.
I winsorised outliers on both tails of the distribution at the 5th and 95th percentiles.
Contrary to most studies on adaptation that do not adopt a gender focus, I did not include
the gender of the household head as a control variable5. Doing so tends to reflect the
4

Relevant assets: radio, mobile phone, solar panel, wheelbarrow, car/truck, motorcycle, bicycle, generator,
tractor, plough, sprayer, kraal, water pump.
5
When included in the model, this variable is not significantly associated with the uptake of any CSA practice.
The large standard errors do not even allow to hypothesise whether having a man/woman as household head
positively or negatively influences uptake.
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structure of the household more than its gender dynamics: “since women frequently live in
male-headed households, but female-headed households are often defined as not including
an adult man, the two are not comparable. This approach renders the women living in
male-headed households - the vast majority of the world’s women - as invisible” (Doss &
Kieran, 2014).
Table 3. Description of control variables

3.4. Dependent variables: CSA practices
Most authors that study the determinants of adaptation strategies analyse a limited amount
of practices (usually ranging between 4 and 10) (GC & Yeo, 2019; Mulwa et al., 2017; Ndiritu
et al., 2014; Mehar et al., 2016). They mostly analyse “recent” adaptation, that is to say
practices that households used in the last farming season.
I thus reduced the dimensionality of the data from 18 to 6 variables by removing very
uncommon practices (< 3% of sample) and by performing a factor analysis. Factor analysis
assumes that the interrelationships between different variables can be explained by a set of
latent variables (also called factors). These factors could be synergies between practices,
familiarity with certain practices, etc. High correlation among practices makes them good
candidates for factor analysis, which can be confirmed by a correlation matrix (Table B1,
Appendix B) and by the result of the Kaiser-Meyer-Olkin (KMO) test (.75 = middling sampling
adequacy).
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Any factor with an eigenvalue ≥1 explains more variance than a single practice and was thus
retained. I expected a minimum absolute factor loading of 0.35 to extract sufficient variance
from a variable. I grouped intercropping and crop rotation in one category despite them not
loading on a common factor. These farming practices indeed have similar effects on soil
health and are often presented as alternatives to specialised farming (Hufnagel et al., 2020).
Table 4 summarises the six groups of CSA practices used in the analysis. I chose to analyse
the intensity of adoption (i.e. the number of practices adopted). Since the adoption variables
are binary, I also performed a factor analysis designed especially for dichotomous variables
but traditionally used in health sciences (Benazzi, 2008; Radzius et al., 2003). These results
did not provide much variance and were thus not used. Factor loadings can be found in
Table B2 (Appendix B).
Table 4. CSA practices adopted by households

4. Results
This result section first introduces descriptive statistics for relevant variables such as the
control variables, the CSA practices, and the empowerment score. Then, I detail the results
of the multivariate model with a particular focus on the gender indicators and present five
robustness tests used to estimate the strength of the results.
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4.1. Descriptive statistics
I first present the descriptive statistics of the control variables. I thereby detail the importance
of the radio, whose ownership is both gender-differentiated and particularly relevant for
climate adaptation. I also briefly describe female-headed households so that the reader can
understand how their climate adaptation may differ from male-headed households. Then, I
present descriptive statistics of the CSA practices and detail how their uptake relates to the
empowerment score.
About 61% of the households have access to extension services, whether through training
related to agriculture or through FFBS activities. In contrast, only 28% of the households
could access credit through either banks, microfinance institutions, village community banks
or village savings and loans associations. For both variables, the variation is equal or higher
than .45, which reflects the important disparities between households. Individuals walk on
average less than ten minutes from their homestead to the main road, with the highest
distance being up to half an hour for 9% of the sample. The mean farm area is 3.5 acres,
and little variation is found in the data. The landowners of the largest farms own up to 13.25
acres. The individuals surveyed are rarely young farmers: the average age is 47 years old,
with no household head being younger than 27 years old. Only 18% of these farmers own
cattle, but here as well I find a large variance in the data distribution. 83% of the individuals
have received a primary education, while almost 9% reached secondary education. Finally,
households own between 1 and 11 agricultural assets, on average almost 5. The assets that
households owned the most are mobile phones, followed by radios, bicycles and solar
panels (owned by respectively 84%, 72%, 52% and 51% of the sample).
Ownership of assets such as radios is critical as it facilitates daily agricultural
decision-making. The radio is indeed the main source of information for all individuals,
providing mostly early warning information on onset of rains and daily weather outlook. I
nevertheless find that radio ownership varies highly according to individuals’ gender. Indeed,
42% of men reported to have access to it against 26% of women. More men intend on
making use of the information than women and 44% declare that the information is not timely
received against 53% of women. Receiving weather information may influence individuals’
perception of climate change, and thus their decision to adopt specific CSA practices6.
Living in a female-headed household can also create further gender-specific obstacles.
Indeed, 79% of the women living in female-headed households report being single or
widows. This reflects the particular structure of these households where less family labour is
available and which tend to be the “poorest of the poor”. T-tests reveal that all gender
indicators are significantly (p<.001) higher in female-headed households than in
male-headed ones7. Rather than suggesting a high level of female empowerment in these
households, this confirms that they abide by different dynamics. Indeed, assets and income
6

Some authors such as Ngigi, Mueller & Birner (2017) had already noted that perceptions of climate change
significantly differ according to the gender of the respondents, whereby 84% of men reported to have noticed
changes in weather and climate in the two years preceding the study against 78% of women. In their research,
both genders perceived similar changes, mostly related to the rainfall (81% note a reduction in the amount of
rainfall, 47% an uneven distribution of the rain and 26% a change in the start of the rainy season).
7

The results of this t-test and all further t-tests mentioned in this paper are available upon request.
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are mostly owned by the female head, decision-making is realised by women and only
women are registered in social groups, which significantly (p<.001) differs from male-headed
households. Female-headed households nevertheless have a significantly (p<.001) lower
education level and economic capacity: they own on average 44% less agricultural assets,
19% less acres of land and 79% less livestock than male-headed households.
Beyond the distribution of resources, female-headed households do not differ much from
male-headed ones in their uptake of agricultural practices. The level of adoption mostly does
not significantly differ, but most practices (crop management, improved varieties, soil
conservation measures, conservation farming, irrigation) are still adopted to a lesser extent
by the former group.
Overall, households use a mix of practices, as hypothesised. The use of any single practice
is indeed significantly correlated with the use of most other practices, with correlations
ranging between .0832 and .6850 (Table B1, Appendix B). On average, farmers declare that
they used 2.4 practices in the past season, whereby answers range between 0 and 12
practices. Only 9% used 8 or more, and 4% did not use any. Crop management practices
are the most popular amongst farmers, with row planting and chemical fertilisers being used
by over 75% of the sample. The practices are often combined as 28% of the farmers declare
that they use all four practices simultaneously. Crop diversification and soil conservation are
adopted to a lesser extent: about 63% of the sample used at least one of the two. Only 39%
irrigate their plots, and very few households employ improved varieties (17%) or
conservation farming practices (16%).
I find that the average empowerment score of the households differs depending on the CSA
practices that they adopt (Figure 4). For example, the households that use at least one
improved variety or one crop diversification practice have an average score of 3.24 and 3.16
respectively, out of a maximum score of 5. At the lower end, I find that households that use a
conservation farming practice or a crop management practice have an average score of 2.83
and 2.99 respectively.
I also conduct t-tests to examine whether households that adopt at least one practice within
each category have the same empowerment score as households that do not adopt any
practices within that category. These tests reveal that for most practices (all the
non-transparent categories in Figure 4), adopting a CSA practice is associated with a
significantly higher empowerment score than not adopting any practice. T-tests also reveal
that the difference between bars is significant for most practices8.

Households that adopt tolerant varieties have a significantly (p<.05) higher empowerment score than
households that adopt other practices, except crop diversification. Households that adopt crop diversification
have a significantly (p<.05) higher empowerment score than households that adopt soil conservation, crop
management and conservation farming. Households that adopt irrigation have a significantly (p<.05) higher
empowerment score than households that adopt conservation farming. Households that adopt soil conservation
have a significantly (p<.05) higher empowerment score than households that adopt conservation farming. Other
differences between bars are non-significant at the .05 level.
8
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Figure 4. Total empowerment score per practice

4.2. Multivariate regression analysis
The relevance of the multivariate regression model is confirmed by the fact that the
Breusch-Pagan test (null: residuals of the dependent variables are independent of each
other) is significant (p<.001). As already hypothesised, the residuals of the equations are
thus not independent of each other. Moreover, testing the significance of the gender
indicators in all the equations shows that the four variables Resources, Decision, Leadership
and Time are, as a group, significant (p<.001) in Model 1 (Table 5). This also justifies the
use of a multivariate regression model. Results are available upon request.
The estimations by the multivariate regression model can be found in Table 59. For the sake
of clarity, village dummies are not presented. Overall, they are significantly associated with
the uptake of crop management and irrigation. The individual regressions explain between
10% and 27% of the dependent variables’ variation around their mean.

Model results do not display robust standard errors since the Stata command -mvreg- does not provide that
option.
9
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Table 5. Results of the multivariate regression model

4.2.1. Control variables
Access to extension services is positively related to the uptake of irrigation (p<.1, b=.0740).
Access to credit is strongly and positively associated with the uptake of crop management
(p<.05, b=.2990) and conservation farming practices (p<.05, b=.1122). The latter result may
be surprising since some crop management practices (chemical fertiliser, inorganic
pesticides) require expensive inputs but conservation farming typically requires little capital.
A close distance to the main road is positively connected with the uptake of crop
management practices (p<.001, b=.0204), irrigation (p<.001, b=.0081) and conservation
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farming (p<.1, b=.0050). For many of these practices, off-farm inputs are required, which
justifies the result. Large farms are prone to adopt crop management practices (p<.001,
b=.1298), improved varieties (p<.001, b=.0478), crop diversification (p<.001, b=.0592) as
well as irrigation (p<.001, b=.0492). This follows previous findings according to which a close
market location and a good access to technology highly determine irrigation and improved
varieties uptake - also in the context of Tanzania (Hassan & Nhemachena, 2008, Shiferaw et
al., 2008). The age of the household head is not significantly related to any variation in the
results, as found by Ngigi et al. (2017). The ownership of livestock is highly associated with
the uptake of soil conservation (p<.05, b=.2232) as found by Makokha et al. (2001), which
may be explained by the fact that obtaining manure is challenging for the farmers that do not
own livestock. Both primary (p<.1, b=.2172) and secondary (p<.05, b=.3232) education
levels (in comparison to “no education”, the base category) are positively related to the
uptake of conservation farming. A high quantity of agricultural assets owned is positively
connected to the uptake of soil conservation measures (p<.1, b=.0261).
4.2.2. Resources
My first hypothesis suggested that an equal distribution of resources and decision-making
between household members would favour practices that highly contribute to food security,
such as crop diversification or irrigation.
I find that an equal division of resources is associated with a .48 higher quantity of crop
management practices adopted (p<.1, b=.4834). Crop management practices are assumed
to have a large impact on household food security. This positive relationship is found for all
CSA practices in this category, but to a great extent for plant spacing. The variable
Resources is however not significantly associated with neither crop diversification nor
irrigation, contrary to what I hypothesised.
4.2.3. Decision: Production and Income
The equal control of individuals over agricultural production decision-making as well as
income (Decision) is positively and significantly associated with the uptake of irrigation
(p<.05, b=.1810), of crop diversification (p<.001, b=.3135) and of improved varieties (p<.1,
b=.1247). Having an equal control within the household is associated with a .31 higher
quantity of crop diversification practices adopted. All three categories are assumed to have a
large impact on household food security, which gives strong evidence supporting the first
hypothesis.
4.2.4. Time
My second hypothesis suggested that an equal distribution of domestic tasks enables the
uptake of practices with high female labour requirements, such as crop diversification and
soil conservation.
Model 1 shows that an equal division of domestic tasks indeed is positively related to the
uptake of crop diversification practices (p<.05, b=.1837). This category of CSA practices is
the most demanding of all in terms of female labour requirements (Figure 2). Time is not
significantly associated with any other CSA practice. A t-test suggests that households
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where women are the main responsible for domestic tasks (81% of the sample) adopt
significantly less (p<.1) soil conservation practices. Similarly, uptake is higher when domestic
tasks are shared equally. It is thus possible that a reallocation of labour within the household
enables the uptake of these practices. These findings provide important support for the
second hypothesis.
4.2.5. Leadership
My third hypothesis postulated that the participation of women in socioeconomic groups may
be associated with the uptake of knowledge- and or/capital-intensive practices such as
irrigation or improved varieties.
Leadership (whether participation of women in at least one socioeconomic group) is
significantly linked with the uptake of crop management (p<.001, b= -.3541) and crop
diversification practices (p<.1, b=.0991). It has a negative relationship with the uptake of
crop management (this applies to all four: plant spacing, chemical fertiliser, inorganic
pesticides and row planting), but a positive one with crop diversification. The negative
relationship with crop management is quite surprising as village groups typically promote the
use of chemical fertilisers and inorganic pesticides. I find that participation (of any household
member) in a group is more relevant than gender to explain the use of chemical fertiliser and
row planting. Practice uptake is indeed lower when any household member participates in a
group, which weakens the hypothesis of a relationship between women participation in
groups and practice adoption. Uptake of plant spacing and inorganic pesticides is however
significantly lower (p<.05) when women do participate in groups. Further research should
examine whether village groups that women participate in advise against the use of these
techniques. Moreover, a t-test shows that significantly more (p<.1) improved varieties are
planted when a woman participates in a socioeconomic group, as hypothesised. These
findings suggest that the third hypothesis is at least partially valid.

4.3. Robustness tests
As previously mentioned, the methodology used includes risks of reverse causality and of
model misspecification. Five robustness tests are conducted to assess the stability and
strength of the results. The robustness test results can be found in Appendix C.
The first (Table C1) tests whether there might be a bias in the answers depending on the
gender of the participants. Female headed-households are excluded from this test due to
their particular structure, which may cause female answers to exceedingly vary from male
ones. The data collection type can be detrimental in terms of accuracy since respondents
provide an answer that their partner may not necessarily have agreed on (Fisher et al.,
2010). The WEAI interviews both spouses to account for such possible discrepancies. With
two-sample t-tests with unequal variances, I tested for the existence of a potential gender
bias in the variables that the gender indicators are built on. The null hypothesis of equal
means is rejected for all but one variable, which may be a limitation of the study. Men assert
that they own most assets, while women tend to say that assets belong to both spouses.
Men indicate that decision and income are controlled by both, while women indicate that
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men mostly control them. However, men also say that responsibility for food preparation and
group membership is shared, while women claim to be the main participants.
The second test (Table C2) assesses whether the model changes if female-headed
households are excluded from the analysis. One could expect that due to their particular
structure (only one female adult being in charge of the household for most of the year and
being thus responsible for daily decision-making) their gender indicators might score much
higher than in male-headed households. Only the association of group membership with
crop diversification becomes insignificant once female-headed households are removed, but
no other gender indicator changes significance nor sign.
The third test (Table C310) estimates Model 1 with non-linear estimation methods. I used
Poisson estimation for count variables and logit estimation for binary variables. The results
show that the link between Leadership and crop diversification and between Resources and
crop management becomes insignificant. No other estimate changes sign or significance.
The fourth test (Table C4) offers an alternative specification of the explanatory variables by
using the empowerment score instead of four gender indicators. Higher gender equity is
positively related to the uptake of crop diversification (p<.001, b=.1220) and soil
conservation practices (p<.1, b=.0504), but negatively related to conservation farming
(p<.05, b=.0260). Its relationship to other practices is not significant.
The fifth test (Table C5) uses a stability test inspired by Bellows and Miguel (2009). I start
with a model containing only the gender indicators and add the control variables one by one.
87.5% of the estimates have a stable sign (percentage of estimates that do not change sign
between Model 5 and Model 14) and significance rate (percentage of statistically significant
estimates in Model 5 that are statistically insignificant in Model 14). The inclusion of Age is
mostly responsible for the changes in significance level. The results shown in the appendix
only include my main variables of interest - the gender indicators -, and omit the control
variables.
I considered the use of instrumental variables to further test the robustness of the results.
Participation in gender training may influence gender roles but not technology adoption. This
variable is available in the dataset but using it leads to multicollinearity with Leadership a
 nd
the village variables. It could thus not be used in the multivariate regression model. The
influence of media on gender roles is undeniable (Wood, 1994) and a variable reflecting how
men and women are portrayed on television/posters/radio according to each individual could
be constructed for future research. This could evidence how society may influence the
individuals’ perception of gender roles.

10

For both Model 2 and Model 3, I used robust standard errors, and marked in bold the coefficients whose
significance varies from Model 1.
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5. Discussion and conclusion
This study investigated how gender roles are related to farmers’ adoption of CSA practices
in rural Iringa by using five gender indicators based on the Women’s Empowerment in
Agriculture Index. I made use of a multivariate model to analyse the link between gender
indicators (along with relevant demographic factors) and the uptake of six categories of CSA
practices, namely: crop management, improved varieties, soil conservation, conservation
farming, crop diversification and irrigation.
Adaptation to climate change is strongly linked to the access of farmers to climate
information, which, as shown in the results section of this paper, very much depends on their
gender. The lower access of women to this information could form a major obstacle to their
adaptation. I also suggest that female-headed households may become particularly
threatened by climate change. Their uptake of new practices might be jeopardised by their
low ownership of assets and land and their lower education level compared to male-headed
households.
With my first hypothesis, I theorised that the division of control over resources and
decision-making between individuals largely determines their choice of practice. I supposed
namely that as women’s control increases, practices that contribute to food security are
favoured. Control over resources nevertheless only influences the uptake of crop
management practices. I thus fail to affirm that an equal division of resources influences
adaptation at the household level. It may have an impact that the available data could not
capture, but that gender-disaggregated data at plot-level might evidence.
On the other hand, the division of decision-making and income between spouses is strongly
linked to the uptake of CSA practices. A higher control by women is associated with the
uptake of irrigation, crop diversification and improved varieties. Interestingly enough, the first
two practices are also believed to contribute the most to food security. Validating this
assumption in the local context (further interviews with the farmers) would allow me to
confirm the first hypothesis.
My second hypothesis suggested that the division of domestic tasks determines the uptake
of agricultural practices: households where women do not bear the whole domestic burden
may be able to also adopt labour-intensive practices such as crop diversification or soil
conservation. Households score the worst on this gender indicator, confirming that domestic
tasks (and in particular preparation of food) is a quite gendered activity. I find that
households with an equal division of tasks are more likely to adopt crop diversification
practices, and that households where only women prepare food are much less likely to use
soil conservation practices. Validating the assumption that these practices are the most
labour-intensive ones in the local context would strongly confirm this second hypothesis.
With my third hypothesis, I argued that the participation of women in village groups
influences the household’s agricultural practices. Namely, it may increase the uptake of
knowledge- and/or capital-intensive practices, such as irrigation or improved varieties. I find
that female group membership is negatively linked to crop management and positively to
crop diversification uptake. Also, households where a woman is a group member indeed
plant significantly more improved varieties than households where women do not take part in
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any group. It nevertheless remains difficult to determine to which extent group participation
influences empowerment: do socioeconomic groups actually increase women empowerment
and facilitate their households’ access to particular practices, or do only the most
empowered women participate in village groups?
Among all CSA practices, crop diversification (crop rotation and intercropping) is the one
whose uptake is the most strongly associated with higher gender equity. Households that
take up crop diversification have the second-highest empowerment score, following
households that use improved varieties. Both practices strongly contribute to household
security and a short payback time. On the other hand, households that take up conservation
farming exhibit the lowest empowerment score. This practice mostly differentiates itself from
the others by its very low female labour requirements.
To summarise, I found some evidence supporting the first hypothesis. An equal control over
resources is thereby positively associated (p<.1) with the uptake of one CSA practice, and
an equal control over decision-making is positively related (p<.1) to the uptake of the three
CSA practices that were expected. The data give important support to the second
hypothesis, since the equal division of domestic tasks is positively linked (p<.1) to the uptake
of the two CSA practices that were expected. Finally, I find partial evidence supporting the
third hypothesis. The participation of women in socioeconomic groups is positively
associated (p<.05) with the uptake of one of the expected CSA practices.
An important limitation of the study results from the interviews having only been conducted
with one spouse of each household. Despite a bias in the answers depending on the gender
of the respondents, men and women’s answers depend on whether income, resources or
decision-making are considered and do not always tend towards the same outcome. I thus
still expect the gender indicators to be valid. Another limitation of the study is that I could not
establish how the farmers perceive each practice in terms of labour, capital and knowledge
requirements. This would have allowed to much better understand the mechanisms linking
gender roles and practice uptake. Their classification based on various publications still
offers a starting point to understand the households’ adaptation decisions.
For future research, I recommend researching the adaptation of female-headed households
to climate change more in-depth. A better method should be developed in order to estimate
the empowerment of the women that live in these households. One could think that gender
roles may change over time when husbands are absent (due to economic migration for
example), eventually leading to the uptake of different practices than male-headed
households would. By giving particular attention to these more vulnerable households, one
would hope to guarantee their climate resilience in the long-term. Moreover, it appears
particularly relevant for future research to follow the methodology of authors such as Ngigi et
al. (2017) and to retrieve data at plot-level. Doing so would namely help to understand
whether farmers favour the adaptation of certain crops - food or cash crops, and whether a
gender-effect can also be found at plot-level - female-managed plots thereby being much
less taken care of than male-managed ones, as found by Udry (1996).
An important policy implication of this research is that programs aiming at increasing
farmers’ climate resilience imperatively need to be guided by gender analyses. The success
of such interventions requires policy makers to first understand what may be the constraints
28

to the uptake of new practices, and to then promote gender-responsive practices (i.e.
affordable and adoptable practices based on the needs of men and women). Interventions
which specifically target women can be of great value - either by facilitating their access to
inputs through seed banks, grants to purchase improved varieties or dedicated
demonstration plots, or by promoting practices that do not require increases in female labour
(e.g. crop rotation, cover crops). Finally, programs should make use of the above information
proving the relationship between gender roles and climate resilience and include trainings
sensitizing men and women to the necessity of sharing resources and decision-making.
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