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Abstract

Farm resilience to withstand shocks and stresses has become a key topic in research
and policy debates. However, disproportionate behavior toward women’s empower-
ment may underestimate farm resilience capacity. We examine the effects of gender
equality on farm resilience capacity, with a focus on land ownership and decision-
making processes. By using the Living Standard Measurement Survey—Plus by the
World Bank, we construct the farm’s robust capacity (RC), adaptive capacity (AC),
and transition capacity (TC) in the first stage and farm resilience capacity (FRC) in
the second stage of factor analysis. We also apply a latent class approach to iden-
tify homogenous households representing “low gender equality” and “high gender
equality” topologies. We apply a three-step approach to identify the relationship
between latent classes and resilience. The findings reveal a positive and significant
relationship between the “high gender equality” class and AC or FRC compared to
those households representing “low gender equality.” In conclusion, it is imperative
to strengthen women’s empowerment through ownership and decision-making to
enhance farm resilience capacity. A key contribution of this study was to understand
the importance of access to resources and the decision-making of women to improve
farm resilience in Ethiopia.
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Introduction

A closer examination of the gendering of socioeconomic life and environment
reveals distinct challenges to achieving the Sustainable Development Goals (SDGs).
An actual situation is that the increasing role of women in agriculture, food secu-
rity, and climate change mitigation, combined with limited access to resources and
decision-making, increases the tendency to focus on women rather than feminist
justice. For example, the gendered face of climate change mitigation indicates that
women are disproportionately affected by climate change (de Wit, 2021). However,
the condition for dealing with climate change has been exacerbated due to miss-
ing points for the intersection between gender, climate change, and other factors. In
this case, a feminization of responsibilities poses a challenge that puts extra pressure
on women to contribute to household chores and deal with the consequences of the
environment (Dzialo, 2017; Southard & Randell, 2022). In addition to the restric-
tions on access to resources, women suffer more from food insecurity compared
to household partners, thereby raising the term feminization of food security (Ake
et al., 2020). A plethora of evidence suggests that addressing environmental prob-
lems and challenges requires connecting feminism and environmentalism, referred
to as ecofeminism (Gonda, 2019). In the current unprecedented climate change sce-
narios, enhancing resilience has become analogous to building climate-adaptive
capacity, particularly at the farm level. This also requires the further integration of
gender elements into the resilience approach. This approach has been extended to
gendered farm resilience, particularly by empowering women’s capabilities in farm
households (Huyer & Partey, 2020; Ravera et al., 2016a, 2016b).

Resilience in the literature implies the ability to remain in equilibrium when
shocks intensify within an ecological system (Holling, 1973). The definition of
resilience in socioeconomic science is “the ability of people, households, commu-
nities, countries, and systems to mitigate, adapt to, and recover from shocks and
stresses in a manner that reduces chronic vulnerability and facilitates inclusive
growth” (USAID, 2022). From this context, resilience is a multifaceted concept that
encompasses different socioeconomic elements of the environment (Stotten, 2024).
Therefore, the term resilience is highly context-specific, giving prominence to the
socioeconomic conditions and social norms of the environment. Acknowledging
the needs and differences among people, particularly women’s capacities, is vital to
building resilience (McNamara et al., 2021), requiring a gendered and power-sensi-
tive approach in resilience thinking (Jordan, 2019). In the face of increasingly severe
climate change scenarios, resilience-building strategies have already gained promi-
nence as a potential solution to mitigate the consequences of climate change.

While academics and policymakers use the concept of resilience as a “mobiliz-
ing metaphor” for initiating actions to mitigate climate change, the concept still
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suffers from its inability to capture agency and power. In this case, gender-neutral
approaches to resilience thinking are pervasive in farm resilience studies. Although
integrating gender elements into the resilience approach creates an additional layer
of complexity, gender mainstreaming in resilience recognizes women’s access
to resources and decision-making (Smith et al., 2023). One of the direct methods
to control for gender assumptions is to include a gender dummy variable without
providing any remark on intrahousehold decision-making and resource ownership.
Ignoring women’s contributions to building household adaptation strategies may
lead to biased assumptions due to the missing points in the distribution of respon-
sibilities and power within households (Andersen et al., 2017). Such gender-blind
social research omits critical aspects of dynamic perspectives on intrahousehold
decision-making that should form the basis of climate change discussions (Pearse,
2017).

In this manuscript, we draw on gendered resilience perspectives to understand the
role of women’s empowerment in strengthening farm resilience. For the conceptu-
alization, we use the concept of resilience in farm households to frame the analysis.
We conceptually apply capacity-based operationalization to quantify or construct
farm resilience capacity. The complementary use of capacity lens measurement
employs robustness, adaptivity, and transition capacities to construct overall farm
resilience capacity (van der Lee et al., 2022). For the gendered perspectives of resil-
ience, we particularly use access to agricultural land, ownership, and decision-mak-
ing to understand how women’s empowerment improves farm resilience capacity.
In the empirical analysis, we investigate how gender equality toward access to land
and decision-making affects farm resilience capacity. The conclusion of the find-
ings explains how household resilience dynamics are shaped by women’s access to
resources and their roles in decision-making. To investigate the relationship between
women’s access to resources/decision-making and resilience, we use sex-disaggre-
gated data from the Living Standards Measurement Study—Plus (LSMS+) for Ethio-
pia, provided by the World Bank.

Ethiopia is one of the most vulnerable countries in Africa, experiencing the
devastating impacts of climate change (Gezie, 2019). It requires special attention
to household resilience under climate stress in Ethiopia (Habte et al., 2022; Sertse
et al., 2021; Tesfaye et al., 2019; Thiede, 2016) for establishing a climate-robust and
resilient agriculture (Senbeta et al., 2022; Tesfaye et al., 2019). Women in Ethiopia
minimally contribute to the development of the country (Bayeh, 2016; Bayissa et al.,
2018), and this situation is further exacerbated due to limited access to control the
resource (Alemu et al., 2018; Teshome et al., 2012) and decision-making (Geleta
et al., 2017). The situation is even more severe in farm operations, where women
often face limited access to resources, land, and decision-making authority regard-
ing agricultural practices (Petros et al., 2018; Tsige et al., 2020). In this case, find-
ings from the Ethiopian context confirm that adaptation strategies and practices are
highly gender-biased (Cholo et al., 2020). This is particularly true for women farm-
ers, who often experience limited access to resources and decision-making (Assefa
& Gebrehiwot, 2023; Mekonnen, 2022; Tsige et al., 2020).

The manuscript is structured into five main sections: “Introduction,” Literature
review on resilience and gender perspectives in resilience,” “Data and methodology,”
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“Results,” and “Conclusions with discussions.” To ensure methodological transpar-
ency and provide detailed information, six further sections are located in the Online
Supplementary Material. The findings in this manuscript are important in support-
ing a gender-sensitive approach, especially in terms of prioritizing women’s access
to resources and decision-making. Gender mainstreaming in the Ethiopian context
should be based on empirical findings at the local level, thereby increasing the
importance of studies on the relationship between gender equality, women’s empow-
erment, and farm resilience capacity.

Resilience and gender
Farm resilience capacity

A resilience conceptualization, emerging from engineering and ecology (Folke
et al., 2010; Gunderson, 2000; Holling, 1973), as well as later from social systems
(Ansah et al., 2019), provides a necessary foundation for the evolution of farm resil-
ience. Further studies provided explicit directions to conceptualize farm resilience
by reconciling different aspects of farm operations (Darnhofer et al., 2016; Meu-
wissen et al., 2019). Similarly, methodologies and frameworks are offered to eval-
uate farm operations, ascertaining a multidimensional adaptive system in farming
(Constas et al., 2022). From concepts to assessment, Urruty et al. (2016) explicated
a conceptual framework of farm resilience by differentiating stability, robustness,
vulnerability, and resilience in agricultural systems. Theoretical notes indisputably
viewed farm resilience through traditional, vulnerability, agroecology, and capacity
lenses (van der Lee et al., 2022), out of which capacity-based measurement of resil-
ience has become one of the prominent approaches in the framework.

Resilience is multidimensional and unobservable (Chamdimba et al., 2021), and
its determinants entail several indicators that show general or specific patterns of
farm resilience (Meuwissen et al., 2019). For the farming system, some authors
methodologically proposed three resilience capacities with related attributes (Meu-
wissen et al., 2019; Nicholas-Davies et al., 2021; Slijper et al., 2022): robustness,
adaptability, and transformability. According to the authors, resilience is amorphous,
including different attributes of a farming system. Within the three capacities, farm
households can differentiate resilience strategies and coping mechanisms. Since the
framework is based on capacity pillars, it can be used for ex post farming systems
and ex ante resilience strategies. The definition of farm resilience in this manuscript
is based on the assessment framework proposed by Meuwissen et al. (2019). The
assumptions of the framework depend on five questions that specify farm resilience:
resilience of what, resilience to what, resilience for what purpose, what resilience
capacities, and what enhances resilience (Nicholas-Davies et al., 2021). Detailed
discussions of the framework are available in Section A1 and Table A1 of the Online
Supplementary Material.

According to the measurement approach, robustness implies the capacity to with-
stand shocks and stresses without having a functional change in the farm operations
(Slijper et al., 2022). Adaptive capacity indicates that households may experience
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marginal changes to adapt; however, the existing function of the farm operation
should be maintained (van der Lee et al., 2022). A transformation refers to the
capacity of farm households to change the structure to cope with climate change
issues (Meuwissen et al., 2019). In essence, transformative capacity may require
transitions in farm operations that should not be susceptible to shocks and stresses
(Ansah et al., 2019). This capacity is of the utmost importance in transforming farm-
ing operations or systems when positive progress is not being realized. The system
or farm operations may undergo minor and incremental changes, which are inher-
ent in their overall transformative capacity (Termeer et al., 2017). In line with the
capacity approach, reflections on the narrative approach enhanced the understanding
of the farm’s strategic response through three interdependent capacities (Nicholas-
Davies et al., 2021). Therefore, Daniele et al. (2022) concluded that the effective-
ness of farm resilience in the face of shocks and pressures is inextricably linked to
the synergy between the three pillars. For instance, the authors found that socioeco-
nomic challenges require commensurate attention to the combination of adaptability
and transformability. At the same time, the robustness of farm resilience is effec-
tive against economic and environmental challenges. Of course, there are trade-offs
between capacities, as improving one capacity might be at the cost of another one
(Béné et al., 2012; Egamberdiev et al., 2023). However, it does not mean that the
measurement technique should be based on an “either—or” approach, excluding any
pillar from the estimation.

Gender perspectives in resilience

Women exercise agency if they have the power to make strategic decisions. Perhaps
the most conspicuous is women’s empowerment through agency, resources, partici-
pation, and decision-making. Therefore, a conceptualization of women’s empower-
ment is defined as “the process by which those who have been denied the ability to
make strategic life choices acquire such an ability” (Kabeer, 1999). From this per-
spective, it becomes conceivable that the process, which changes from disempower-
ment to empowerment, enables women to make decisions that lead to desired out-
comes. At the same time, it is indispensable that the ability to make strategic choices
incorporates agency, resource, and achievement dimensions of empowerment. In
this case, the conceptualization of three dimensions endeavored to demonstrate
how women, as agents, control resources to achieve their goals. Further attempts
to explain empowerment have brought practically fruitful concepts in agricultural
development and food security (Alkire et al., 2013).

Gender perspectives that refer to a gendered view of resilience recognize unequal
power relations and inequality within the household (Smyth & Sweetman, 2015). In
this case, feminist scholarship on environmental problems has analyzed the signifi-
cance of gendered responses to climate change by defining a “strange resilience” in
relation to environmental changes (Lever-Tracy, 2008; MacGregor, 2009). In other
words, a strong adaptation of climate-resilient agriculture is observed if the gender
gap is addressed by supporting access to resources and decision-making. For exam-
ple, a comprehensive study by Ravera et al. (2016a, 2016b) confirmed that gender
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makes a significant contribution to improving resilience. While the intricacies of
gender patterns in building resilience are complex, Slavchevska et al. (2024) found
that women enhance their resilience through employment, time use, income, and
access to resources. For gender-sensitive analysis in resilience thinking, it is imper-
ative to analyze the economic status of women through their access to resources,
particularly land and assets (Menon & Rustagi, 2020; Najjar et al., 2020). In addi-
tion, women’s decision-making power is another effective proxy indicator of the
role of women in households (Alwang et al., 2017; Fingleton-Smith, 2018), which
can ultimately mobilize efforts to enhance climate change resilience (Misra, 2024).
Similarly, Djoudi et al. (2016) analyzed different articles studying the relationship
between gender and adaptation strategies in the context of environmental changes.
Although incorporating gender into the discourse creates additional challenges in
the conceptualization, gender-based perspective studies confirm that women control-
ling resources are more responsible for building or strengthening resilience (Perez
et al., 2015; Terry, 2009; Tschakert & Machado, 2012). This is especially true for
women’s decisional empowerment in agriculture, which improves adaptive capacity
(Shahbaz et al., 2022) and farm efficiency (Czyzewski et al., 2024). However, ensur-
ing gender perspectives in resilience thinking is happening piecemeal, implying the
existence of inequalities in resource ownership and decision-making.

There are a few studies analyzing farm resilience in Ethiopia. For example, the
findings have endeavored to examine climate change resilience in farm house-
holds (Atara et al., 2020; Dawid et al., 2023; Ghebreyohannes et al., 2022; Negera
et al., 2025b; Quinlan et al., 2015; Teklu et al., 2023; Temesgen Gelata et al., 2024;
Tofu et al., 2023a, 2023b; Williams et al., 2020). The studies analyzing farm resil-
ience included a female gender variable (dummy) in socioeconomic characteristics
(Ali et al., 2023; Asmamaw et al., 2019; Bekele, 2024; Dawid Mume et al., 2023;
Gugissa et al., 2022; Melketo et al., 2021; Tofu et al., 2023a, 2023b; Weldegebriel
& Amphune, 2017). The findings confirmed that female-headed households are less
vulnerable due to limited ownership, access to, and control over assets. In addition
to this, the results concluded that the difference might be due to limited access to
information, land, and other resources (Debela et al., 2025; Demie & Lojka, 2025;
Demisse et al., 2024; Mekuyie et al., 2018; Negera et al., 2025a). By generalizing
the prevalence of limited access to resources and decision-making in agriculture,
the review study by Asefa et al. (2025) confirmed that gender mainstreaming in the
resilience approach is of particular importance.

By examining gender equality in terms of access to land, ownership, and deci-
sion-making, we analyze the impact of women’s empowerment on farm resilience.
Due to the dynamic nature of the resilience concept, we explore the complexities of
the relationship between women’s empowerment and dynamic resilience determi-
nants (e.g., crop or livestock resistance and changes in farm type). In addition, the
measurement of women’s empowerment utilizes different dimensional determinants
(e.g., the right to improve land, use the parcel, ownership of use or sale, documented
ownership, and decision-making on the parcel). An important step in linking wom-
en’s empowerment to farm resilience is establishing a causal relationship. Therefore,
the results are built upon the causal claims, making the conclusions more direct and
purposeful for policy interventions in Ethiopia.
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Data and methodology
Data and descriptive statistics

The data used for this study are from the Ethiopian Panel Survey (ESPS), supported
by the Living Standard Measurement Survey—Plus (LSMS+) of the World Bank.
The ESPS includes socioeconomic, agricultural, and gender-related modules for
each household member aged 18 and above (WB, 2024). The current study includes
ESPS-4 for 2018/2019 and ESPS-5 for 2021/2022, designed to focus on data differ-
ences across men and women in asset ownership, decision-making, and labor mar-
ket outcomes (Hasanbasri et al., 2021). Both waves, obtained from the two-stage
stratified probability sample, are nationally representative, allowing for the provi-
sion of regional estimates for both rural and urban areas (WB, 2024). The survey
encompasses 10 regions, including both rural and urban areas, and covers house-
holds across the regions. Due to security reasons, the northern parts of the country,
specifically in Tigray, were not included in ESPS-5. The scope of the survey encom-
passes households, communities, postharvest activities, postplanting operations, and
livestock production. As for the sample size, ESPS-5 uses the households, precipi-
tated in the fourth wave of ESPS (ESPS-4).

Table A2 shows the dependent and independent variables used in the estima-
tion. Among resilience pillars, the mean values of resistance capacity and transi-
tion capacity are more than 0.400. Adaptive capacity has the lowest mean value
at 0.382. Resilience capacity or FRC represents more than 0.550 at its mean level.
Concerning individual controlling variables of women respondents, the average
age of the respondents is approximately 34 years old. Approximately one-third of
the respondents have a higher education level. Officially employed respondents
account for close to 1%. The variables explaining household characteristics indi-
cate that the number of financial assets is less than 1, indicating that households
are highly dependent on agricultural assets. The number of people residing in the
household is close to 6. The average expenditure on non-food items accounts for
around 625 ETB. Households, on average, experienced 14 types of idiosyncratic and
exogenous shocks over the last 12 months. The regional distribution of farm house-
holds in the sample reveals that more than 10% of these households are located in
SNNPR, Amhara, Addis Ababa, Oromia, Somali, and Dire Dawa. The remaining
Benishangul-Gumuz, Gambela, Harari, and Afar regions have less than 10% farm
households in the sample.

Conceptual framework for women’s empowerment

It is essential to incorporate sex-disaggregated land indicators for conceptualizing
access to and ownership of land. We construct latent-based variables for women’s
land ownership and decision-making variables through three measures: reported
ownership, document ownership, and effective ownership through decision-mak-
ing. Considering data availability and challenges in modeling, we employ a total
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of 10 variables, mostly related to women’s access to land, ownership, right to use,
and decision-making. In this perspective, we use five observables and one con-
structed variable to cluster households for gender equality. For reported owner-
ship, two variables represent whether women own and use the right to agricultural
land. For documented ownership, we include the variable that defines whether a
woman has her name on the certified documentation indicating that she owns the
land. The importance of this variable lies in the fact that an ownership document
is one of the key indicators for women, demonstrating tenure security in Africa
(Doss et al., 2015). The conceptualization and measurement include a constructed
variable, which entails the right to bequeath, use the land as collateral, rent the
land, and make improvements or investments in the land. Finally, decision-mak-
ing on the parcel is included for the latent classes. Summary statistics of observed
variables are provided in Table A1 of the Online Supplementary Material.

We employ latent class analysis (LCA) to identify patterns of gender roles by
clustering households based on their access to resources and the decision-making
of women. LCA has become one of the prominent models used to construct a
typology through a set of observed variables. Therefore, the model allows identi-
fying unobserved subgroups of respondents within a population (Collier & Leite,
2017). Technically speaking, the model represents a mixture modeling approach
that successfully deals with heterogeneous samples by obtaining homogenous
clusters (Collins & Lanza, 2009). The application of LCA has been explored in
the field of gender studies. Detailed discussions explaining women’s empow-
erment through LCA are available in Section A2 of the Online Supplementary
Material.

The measurement strategy of latent analysis primarily aims to associate the
created typology (clustered latent class or profile) with other variables (Collins &
Lanza, 2009). In this case, the latent class variable may be either an independent
or dependent variable, as it can be investigated through the associations between
typology and other variables. Latent class models with covariates facilitate the
identification of the relationship between the characteristics of other variables and
latent classes (Collier & Leite, 2017). From this perspective, there are two exten-
sions of latent class models: one-step and three-step approaches. We employ a
three-step approach, and further detailed discussions are available in Section A3
of the Online Supplementary Material.

In the estimation, a causal relationship between latent women’s empowerment
and resilience outcomes is established through a three-step approach. LCA is
modeled through two parameters: class prevalence (class membership) and item-
response probabilities (Collins & Lanza, 2009). The estimation of parameters
is based on maximum likelihood (ML) estimates. To obtain ML estimates, the
maximum number of iterations and the maximum absolute deviation (MAD) are
used to stop the ML procedure. A detailed explanation of model parameters is
available in Section A4 of the Online Supplementary Appendix. To obtain the
best-fit models, we utilize the Akaike information criterion (AIC) and the Bayes-
ian information criterion (BIC) (Collins & Lanza, 2009).
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Conceptual framework for farm resilience

Since resilience is a latent phenomenon, it is challenging to construct indicators
that accurately reflect the levels of farm resilience. A two-stage factor analysis
methodology is used to measure the farm resilience capacity (FRC) (Section AS
in the Online Supplementary Material). In the first stage, the constructed vari-
ables for robustness capacity (RC), adaptive capacity (AC), and transformation
capacity (TC) are measured. As for the farm resilience capacity (FRC) construc-
tion, the index is obtained from using PCA on three RC, AC, and TC pillars. For
the construction of pillars and farm resilience, we use principal component analy-
sis (PCA) (d’Errico et al., 2018). To obtain the estimation value for the resilience
pillars and resilience itself, we use Bartlett’s scoring method (Bartlett, 1937):

IIAPy (1)

in which T' = A7¢~!A is the unrotated loading matrix. The diagonal matrix
of uniqueness is defined by ¥, while the vector of observed variables is y. A
is the factor loading, and it is used together with W for obtaining the weight
of observed data. For the factorability analysis, we apply the Bartlett test, the
Kaiser—-Meyer—Olkin (KMO) test, and the determinant of the R-matrix (Acock,
2013). Factorability findings for each pillar and FRI are provided in Table A4 of
the Online Supplementary Material. The min—-max scaling technique for the pil-
lars and resilience capacity is applied (d’Errico et al., 2018):

X = Xpin

Xscaled = (2)
Xmax ~ Xmin

We use a variety of variables to measure the farm resilience capacity levels.
The choice of the selected variables is explained by the context in Africa and
the availability of data. Section A6 and Tables A5—A7 in the Online Supplemen-
tary Material provide detailed information on the selected variables with related
sources. For robustness (RC), we employ related variables that describe how
farms are resilient to changing environments. It captures the dynamic changes in
four variables: crop diversification, the number of livestock, crop damage, and the
number of negative consequences experienced due to the shock (rescaled to show
the resistance). Regarding the AC pillar, we use various variables that reflect how
farm households adapt to a changing environment. For example, the estimation
incorporates the extension service because it represents one of the most prevalent
strategies to strengthen farm resilience (Antwi-Agyei & Stringer, 2021). Moreo-
ver, techniques such as crop rotation, improved fertilizer, and seed assistance are
of particular importance in strengthening farm resilience in Sub-Saharan Africa
(Acevedo-Siaca & Goldsmith, 2020; Holden, 2018). Since cropping plans and
crop rotation decisions are dynamic processes (Dury et al., 2012), the estima-
tion strategy for the TC pillar includes changes in parcel rent, mixed cropping,
and farm type. We also include dummy variables for changes in farm type, mixed
cropping practices, and renting the land, as practiced by the farmers over the
2018 and 2021 waves.
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Estimation strategy

As for latent class literature, the literature proposed the relationship between latent
class variables (class membership) and covariates using a three-step approach. For the
general finite mixture model, f(x) is the composite density function of x observed vari-
able forallk=1,...,K:

fO) =mfi(x.0,) + - + mfi(x, 6,) 3)
where a single density function fi (x, HK) is the component for component-specific
parameter vector 0. The mixing proportions equal to one are defined by 7, ..., =,

(McLachlan & Peel, 2004).
As for LCA, the density function of a single x in class k is given below:

fado ~ I pi™ “@
j=1

where 1{x =) as the indicator function is 1 for each observed variable taking the
value of j. Otherwise, it is equal to 0. The probability of j value in the class & is denoted
by pj. The variable taking the number of possible categories is defined by n.

For the latent class variable denoted by 7, the posterior distribution of latent classes
is used below:

px|n) - p(n)

p(nlx) =
> p@lm) - p(n)

®)

In the third stage, a latent categorical variable (class membership) can be used as
one of the predictor auxiliary variables (Collier & Leite, 2017). For the given relation-
ship between resilience variables and gender equality class membership, independent
sample ¢-test and multinomial logistic regression are used:

Resilience or Pillar,, = p + p,Gender Equality;,_, + p,Z; + €, 6)

where Resilience or Pillar;, is for woman i in the household at time ¢.
GenderEquality;,_, is a lagged latent variable to capture gender equality dynamics in
the past. The vector Z;, denotes other socioeconomic characteristics of women (age,
higher education, employed over the last 12 months, and holding the number of finan-
cial assets) and households (household size, non-food expenditure, the number of
shocks experienced, and related geographical locations). €;, is the unobservable error
term. Summary statistics for the variables are provided in Table A2 of the Online Sup-
plementary Material.
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Table 1 Fit information of latent

No LL df AIC BIC
models
1 —1694.284 6 3400.568 3427.908
2 11,582.643 13 3191.286 3250.524
LL log-likelihood, df number of free parameters, AIC Akaike infor-
mation criterion, BIC Bayesian information criterion
Results

Topologies for gender equality

Summary statistics for the variables used to construct gender empowerment
latent classes in Table 1 show that the right to use the parcel is relatively high at
79%. However, parcel ownership is low, suggesting that 52% of women own par-
cels. Regarding documented ownership, 90% of women reported that their names
are listed on the ownership document. Other variables for the effective ownership
imply that the ownership to sell/rent the parcel is high (87%); however, the con-
structed variable (right to bequeath, use the land as collateral, rent the land, and
make improvements or investments in the land) has a mean value of 26%. Land use
decision-making implies that 90% of women are capable of making decisions.

Table 1 shows the AIC and BIC criteria for the two-class model. Although we do
not have any convergence in the third model, a two-class model has a better fit com-
pared to the one expressed with a one-class model.

As for a two-class model, 19% of the sample falls into Class 1. The remaining
81% of the sample represents Class 2 in the latent analysis. To interpret the classes,
we estimate the item response probability using the statements that characterized
women’s access to resources and decision-making in the household.

Based on the item response probabilities in Fig. 1, we label the classes through
distinct differences across classes. For example, a key feature of Class 1 is that a
substantial proportion of women have a scale for statements 3—6 that is less than
the predicted mean. They, however, have a higher predicted mean scale score for
the constructed variables. We label Class 1 as “low equality.” Accordingly, Class
2 exhibits the highest item response probabilities for all statements except the first
indicator, indicating higher gender equality within the household. This nature in
Class 2 implies that women have higher resource ownership and decision-making,
although they do not fully control the land regarding the constructed variable. We
label this class as a “high equality” class.

Relationship between gender equality and resilience

This section presents the results obtained from the relationship between resilience
and gender equality classes, considering whether the difference is statistically sig-
nificant. The findings from the #-fest analysis confirm that adaptation capacity, as
a condition for anticipating and responding to change in farm operations, directly
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Low Gender Equality High Gender Equality

Predicted mean

Fig. 1 Latent class for gender equality. Note: 1—constructed variable (right bequeath, use the land as
collateral, rent the land, and the make the improvement or investment in the land); 2—right to use the
parcel; 3—parcel ownership; 4—available name on the ownership document; 5—decision-maker on the
parcel; 6—ownership to sell/rent the parcel

Table 2 Across class differences Low equality High equality p value

Robustness capacity 0.445 0.431 0.645
Adaptive capacity 0.372 0.452 0.020
Transition capacity 0.493 0.442 0.146
Farm resilience capacity  0.497 0.586 0.000

refers to women’s abilities to navigate inevitable change (Table 2). The contribution
of women certainly depends on access to ownership and decision-making, which is
inherent in women’s capacity to adapt in the first instance. A positive and signifi-
cant relationship between adaptive capacity and gender equality recognizes that gen-
der role dynamics, particularly in relation to asset ownership and decision-making,
shape farm adaptive capacity in farm households.

Regarding the outcomes obtained from the multinomial logistic regression, a
positive and significant relationship is observed between gender equality and adap-
tive capacity (Table 3). In this case, contemporary literature also accentuates the
significance of gender role dynamics in the household, contributing to farm adaptive
capacity (Cohen et al., 2016). The capacity building of women further explains this
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Table 3 Gender equality and

. . AC TC RC
resilience pillars
High equality 0.080%** -0.034 -0.015
(0.032) (0.037) (0.032)
Age —-0.001 0.001 -0.001
(0.001) (0.001) (0.001)
Higher education —0.042 —-0.011 0.020
(0.029) (0.034) (0.032)
Employed last 12 months —0.062 0.080 0.016
(0.049) (0.059) (0.056)
Financial assets 0.035%* —0.001 0.010
(0.016) (0.019) (0.018)
HH size 0.021%** —0.009 —0.011**
(0.005) (0.006) (0.005)
Nonfood expenditure 0.001 0.001 0.001**
(0.001) (0.001) (0.001)
Total shock 0.003 —0.001** —0.009%*
(0.003) (0.001) (0.003)
Addis Ababa and Oromia ~ 0.635%#* —-0.073 —0.094
(0.232) (0.298) (0.224)
Somali 0.222 —-0.352 0.008
(0.281) (0.342) (0.256)
Ambhara 0.703%** -0.114 —0.001
(0.233) (0.299) (0.225)
Benishangul-Gumuz 0.728%** —0.194 —-0.029
(0.240) (0.307) (0.234)
SNNPR 0.601%** —0.087 0.001
(0.232) (0.297) (0.224)
Gambela 0251 0.024 0.051
(0.237) (0.303) (0.229)
Harari 0.387 -0.114 —-0.170
(0.234) (0.300) (0.227)
Observation 405 471 321

*p < 0.10; **p < 0.05; ***P < 0.001

Standard errors in parentheses; a “Low equality” profile is a refer-
ence group for latent profile variable. Afar is a reference group for
regional variables. SNNPR is Southern Nations, Nationalities and
Peoples Region

apparent relationship through control over assets and the decision-making process,
intermingled with farm adaptability and resilience (Dev & Manalo, 2023). In the
context of Ethiopian farmers, women can engage in building adaptation strategies
through their actions to strengthen farm resilience (Aryal et al., 2022).

As for the relationship between gender equality and farm resilience in Table 4,
households characterized by “high equality” are positively and significantly associ-
ated with farm resilience capacity compared to the base class, “low equality” class.
There is sufficient evidence to suggest that gender equality dimensions in the house-
hold are one of the particular determinants of Ethiopian farm resilience (Chanamuto
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Tab.I-e 4 Ge.nder equality and ERC
resilience pillars
High equality 0.071%#%*
(0.029)
Age —0.001
(0.001)
Higher education —0.008
(0.028)
Employed last 12 months —0.069
(0.047)
Financial assets 0.0427%%%*
(0.015)
HH size 0.004
(0.005)
Nonfood expenditure 0.001
(0.001)
Total shock —0.001
(0.003)
Addis Ababa and Oromia 0.253
(0.173)
Somali 0.182
(0.209)
Ambhara 0.324*
(0.175)
Benishangul-Gumuz 0.374%%*
(0.182)
SNNPR 0.283
(0.173)
Gambela 0.095
(0.179)
Harari 0.121
(0.176)
Observation 267

#p <0.10; #p <0.05; *+%p <0.001

Standard errors in parentheses; a “Low equality” profile is a refer-
ence group for latent profile variable. Afar is a reference group for
regional variables. SNNPR is Southern Nations, Nationalities and
Peoples Region

& Hall, 2015), facilitating gender-responsive adaptation (Devonald et al., 2024).
From this perspective, enhancing resource ownership and decision-making to
empower Ethiopian women within the household is locally relevant for strengthen-
ing resilience (Balehey et al., 2018).

The findings confirm a positive relationship between financial assets and adapta-
bility (AC) or farm resilience (FRC). Since financial capital increases the liquidity of
farm households, the findings underscore the importance of financial assets (Chep-
koech et al., 2020). In this case, the availability of financial assets facilitates the
establishment of flexible and adaptive measures. The methodological assumptions
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for measuring farm resilience, as proposed by Meuwissen et al. (2019), confirm
that farm size is one of the main determinants of characterizing farming systems.
A negative relationship between household size and robustness can be explained by
the fact that household size does not reflect the growth of farm size. Otherwise, the
findings confirm a positive relationship between farm size and robustness, primar-
ily through productivity (Sheng et al., 2015). As expected, a positive relationship
exists between shocks and resilience pillars. The extent of the association is statisti-
cally significant in the outcomes of TC and RC. However, the relationship between
shocks and AC or FRC is not significant, which may be due to coping strategies
being activated relatively in the short term (Egamberdiev et al., 2024). Although
some regions exhibit statistically significant results, insignificant findings may be
attributed to sociocultural context, institutional support, or sample size. In this case,
gender empowerment should be tailored to the regional context, capturing better
dynamics between regions and changes in resilience capacity.

Discussion and conclusion

Climate change exacerbates gender inequality and injustice, particularly in farm
households (Eastin, 2018; Rather & Mahalik, 2025). In this case, women suffer more
in the context of climate vulnerabilities. Climate-induced losses in farm households
increase the burden of work on women due to high male migration in rural areas
(Mayer et al., 2023). In the context of the feminization of agriculture and the femi-
nization of responsibilities, women are at the forefront of building farm resilience to
respond to climate change consequences. Therefore, it necessitates gender-respon-
sive approaches to support women who build climate-resilient agriculture. In other
words, incorporating gender-based approaches into household resilience in Ethiopia
allows for gender-transformative climate change resilience in the long term. In this
circumstance, resilience enhancement policy should recognize women as more than
objects of discussion. In other words, interventions should involve adaptation prac-
tices that facilitate access to resources and promote informed decision-making. In
practice, the situation in many African countries garnered more attention such that
women’s access to resources and decision-making is barely audible in sustaining
farm resilience. Instead, the efforts are given to the model, indicating “one-size-fits-
all,” in which gender-specific constraints are less accentuated.

Societies have already changed their behavior, undeniably presenting changes
in the perception of gender roles in the presence of climate change. Our direct
contribution in this manuscript is analyzing building farm resilience through
a gender lens. In other words, recognizing gender equality in the household is
found to be promising in strengthening and building farm resilience capacity. It is
particularly true for the adaptive capacity of farm households. Therefore, neglect-
ing women’s access to resources and decision-making exacerbates the negative
consequences of climate change, rigidly constraining farm resilience to climate
change. A unique methodology for gender analysis in this manuscript is based on
the mixture modeling approach, employing LCA applications. LCA is considered

@ Springer



76 B. Egamberdiev et al.

a “person-centered” approach because it focuses on the patterns of behavior
rather than variables proposed by the “variable-centered approach”.

The feminization of responsibility and the feminine task stereotype for house-
work hinder progress toward gender equality. Although the current situation in
Ethiopia is tied to gender social roles and cultural norms, feminization of envi-
ronmental responsibilities should not be allowed without supporting women’s
access to resources. Therefore, a key contribution of this study was to understand
the importance of access to resources and the decision-making process of women
in improving farm resilience in Ethiopia. Previous work analyzing the resilience
phenomenon used a dummy gender variable without accounting for dynamic
gender relations in the household. By controlling access and agency domains
in gender roles, we provided important results for integrating gender relations
into resilience thinking. Methodologically, applying latent analysis for cluster-
ing households toward resources and agency of women has promise as a novel
approach for empirical analysis and is readily applicable to policy recommenda-
tions. Although there are comprehensive methods to analyze women’s empower-
ment in agriculture, the methodological aspect provides new insight into dealing
with the multidimensionality and heterogeneity issues in the estimation of gender
roles in the household. The integration of latent analysis can be a useful method
for researchers to categorize gender-related patterns in the household that can be
useful for gender intervention programs and policies.

Resilience-building activities in the context of the feminization of agricul-
ture should be based on linking the assessment to the vulnerability context.
For example, future studies should also focus on how women can use resources
innovatively, as findings by Loarne-Lemaire et al. (2021) indicate that women’s
innovation in climate change is particularly important in mitigating the negative
consequences. Moreover, the gendered-resilience approach should be shock-spe-
cific. In this case, Knippenberg et al. (2019) suggested that resilience-building
activities are highly sensitive to the type of shocks, requiring an understanding
of resilience to “what.” Further research on the relationship between gender and
resilience should consider the intersectionality of demographic characteristics.
For example, Quandt (2019) argues that the intersection of gender and ethnic-
ity may provide more robust results for gendered approaches in resilience think-
ing. In addition to this, there is a need to go beyond technical explanations of
farm resilience to climate change; instead, the efforts should consider social capi-
tal (Egamberdiev et al., 2024), social learning (Ross et al., 2024), and women’s
agency of the households to unveil implicit and explicit factors to improve farm
resilience (Bullock & Tegbaru, 2019). Further research studies should consider
other aspects of women’s empowerment. For example, the integration of the
Women’s Empowerment in Agricultural Index (WEAI) by Malapit et al. (2019)
might provide new insight into farm resilience modeling.
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