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Abstract

Climate change is a significant threat to agriculture-related livelihoods, and its impacts
amplify prevailing gender inequalities. Climate information services (CIS) are crucial
enablers in adapting to climate change and managing climate-related risks by smallholder
farmers. Even though various gender groups have distinct preferences, understandings, and
uses of CIS, which affect adaptation decisions differently, there is little research on gen-
der perspectives of CIS. This study employs a novel intra-household survey of 156 mar-
ried couples to evaluate the gender-differentiated effects of CIS access on the adoption of
climate-smart agriculture (CSA) technologies in Kenya. The findings reveal gender dif-
ferences in access to CIS, with husbands having significantly more access to early warn-
ing systems and advisory services on adaptation. In contrast, wives had better access to
weather forecasts. About 38% of wives perceived that CIS meets their needs, compared to
30% of husbands. As for CIS dissemination pathways, husbands preferred extension offic-
ers, print media, television, and local leaders, whereas wives preferred radio and social
groups. Recursive bivariate probit analysis shows that trust in CIS, a bundle of CIS dis-
semination pathways, access to credit, and membership in a mixed-gender social group,
affected access to CIS for both genders. Access to early warning systems and advisory ser-
vices positively affected decisions to adopt CSA by both genders. Still, access to seasonal
forecasts influenced husbands’ decisions to adopt CSA but not wives. Besides, there were
gender differences in how CIS affected each CSA technology based on gendered access to
resources and roles and responsibilities in a household. It is necessary to disseminate CIS
through gender-sensitive channels that can satisfy the needs and preferences of different
gender groups to encourage the adoption of climate-smart technologies.
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1 Introduction

Climate change and variability remain major threats across sub-Saharan Africa (SSA),
with adverse effects on agricultural productivity, farm incomes, food insecurity, and ampli-
fying prevailing gender inequalities (UNDP 2017; Ofori et al. 2021). Drought and rising
annual temperatures are prevalent climatic risks that impair rain-fed agricultural systems
and jeopardize smallholder farmers’ livelihoods (FAO et al. 2020; WMO 2021). With
growing Africa’s population predicted to reach 2.5 billion people by 2050, the continent’s
agriculture and food systems must undergo significant transformations to meet the increas-
ing demand for high-quality food and nutrition while also addressing climate change,
gender inequality, and environmental degradation (FAO et al. 2020). Increasing access to
climate information services (CIS) to support the adoption of climate-smart agriculture
(CSA) technologies is vital for managing climate risks and improving enabling ecosystem
for CSA scaling (Born 2021).

CSA technologies are critical for addressing climate change and variability and their
consequential effects. The technologies can help overcome the intertwined threats of food
insecurity and climate change by increasing agricultural productivity, strengthening resil-
ience, and lowering emissions (FAO 2013). Despite the potential benefits of CSA technolo-
gies, their widespread adoption is still low among African smallholder farmers (Barnard
et al. 2015; Kurgat et al. 2020), with notably lower adoption rates among female farmers
compared to their male counterparts (Chibowa et al. 2020; Tsige et al. 2020). Less than
30% of female farmers have embraced CSA technologies, compared to 70% of male farm-
ers in Malawi (Chibowa et al. 2020). In Kenya, the adoption rate of individual CSA tech-
nologies is low, with less than 30% of farmers adopting agroforestry, 44% integrating crops
with animals, and 15% using certified seeds. However, more than 80% of smallholder farm-
ers have adopted at least one CSA technology (Andati et al. 2022; Musafiri et al. 2022).
Smallholder farmers’ main constraints to adopting CSA practices and technologies include
biophysical, socio-economic, and software barriers like institutional, policy, willingness
to invest, climate information, and gender-related inequalities (Barnard et al. 2015; Autio
et al. 2021; Phiri et al. 2022). For instance, gender perspectives are crucial while analyz-
ing the adoption of CSA because agricultural practices depend on social structures, gender
roles, and cultural norms, in addition to the fact that women are active agents in climate
change adaptation (Phiri et al. 2022). The main constraints preventing female farmers from
adopting CSA technologies are high costs of inputs, lack of credit, and income and labor
requirements (Chibowa et al. 2020).

Lack of access to CIS is a significant barrier to adopting CSA technologies by small-
holder farmers (Autio et al. 2021). Access to CIS provides a promising conduit for scal-
ing up and out CSA technologies. According to the World Meteorological Organization
(WMO), science-based climate information is essential to strengthen resilience, support
climate change adaptation, and improve sustainable livelihoods and development (WMO
2021). Timely provision of and access to climate information helps to lower the adverse
impacts of climate change through promoting sufficient preparedness and informed deci-
sion-making by farmers, hence building resilience to climate change and variability (ECA
2021). Evidence suggests that access to CIS is a critical strategy for promoting the adop-
tion of CSA technologies in Africa (Djido et al. 2021). Recent research shows that farmers
can effectively plan their farming activities, such as planting dates, crop type and variety
selection, and harvesting time, with access to seasonal forecast (Amegnaglo et al. 2017,
Guido et al. 2020; Djido et al. 2021).
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Different actors and institutions such as government agencies like the Kenya Meteoro-
logical Department (KMD), research institutions, international development agencies, aca-
demia, private sector entities, and non-governmental organizations (NGOs) provide CIS
in Kenya. The main channels of CIS dissemination include newspapers, bulletins, radio,
television, trained intermediaries, short messaging service (SMS), internet, mobile phone
applications, digital platforms, farmer organizations, and agricultural extension offic-
ers (World Bank Group 2016). Despite the advancements in climate predictions and their
potential benefits to farmers, the utilization of CIS in making decisions on the uptake of
CSA technologies by farmers remains low in SSA. For instance, about 40% of smallholder
farmers in Kenya and a small minority of farmers in Senegal use climate information to
decide how to adapt to climate variability (Serra and McKune 2016; Muema et al. 2018).

Several studies have examined the effects of access to CIS on farmers’ decisions
to adapt to climate change, but the findings are generally mixed. A survey by Yohan-
nis et al. (2019) found that using ICT tools like mobile phones and radio could enable
communities, including women, to access localized agro-advisory and climate informa-
tion that helps them improve their livelihood strategies. Similarly, Djido et al. (2021)
found that in Ghana, access to weather and climate information services (WCIS) through
mobile-based technologies improved the adoption of CSA technologies such as multi-
ple cropping practices, water management, and pest-resistant crops. Conversely, Owusu
et al. (2021) reported from their Ghana study that household heads’ use of climate infor-
mation had no significant effect on adopting any climate-smart technology. These studies
show that farmers’ use of climate information services may or may not affect a farmer’s
decision to adopt CSA technologies.

We complement the above studies by focusing on a gender viewpoint, because access
to CIS often fails to consider gender-specific needs or use gender-sensitive dissemination
channels. Evidence shows that female farmers do not have timely weather and climate
information, which constrains their capacity to manage climate risk (Partey et al. 2020).
A recent study by Alvi et al. (2021) shows that COVID-19-related lockdowns have exac-
erbated female farmers’ lack of access to timely climate information, negatively affecting
agricultural productivity. Besides, due to existing inequalities in access to and management
of productive resources, financial services, community institutions, employment possibili-
ties, advisory services, and CIS, women farmers are highly vulnerable to climate change
and variability (FAO and World Bank 2017; Ngigi et al. 2017; Partey et al. 2020). Moreo-
ver, men and women are likely to have different needs for CIS. Diouf et al. (2019) showed
that in Senegal, women demand information on the onset date of the rainy season and
prefer climate information channeled through radio. Several studies have examined gen-
dered access to climate information services (Diouf et al. 2019; Partey et al. 2020; Alvi
et al. 2021). These studies have, however, focused on comparing male- and female-headed
households or men and women with agricultural plots that often lack more nuanced gen-
der perspectives on access to CIS. Further work by Al-Amin et al. (2019) revealed that
husbands and spouses within the same households could have significantly different per-
ceptions about climate change. Notwithstanding this revelation, there is limited empirical
evidence on intra-household interplay in access to CIS, and CIS needs for men and women
within the same household. Because household members hardly work as a unified produc-
tion or consumption unit, intra-household research focusing on individual members is criti-
cal since they have distinct needs and access to resources, including CIS. Hence, the study
uses a collective household model to capture the intra-household dynamics of access to
CIS. This approach is more appropriate because spousal transfers of CIS is complex, each
person has unique preferences regarding CIS and dissemination channels, allocation of
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family resources and responds differently to policy initiatives (Alderman et al. 1995). This
paper extends Ngigi et al. (2017) by demonstrating gender differences in using CIS and
how different types of CIS influence decisions to adopt individual CSA technology.

This study fills the above research gap by assessing gendered access to CIS and its
effects on the uptake of CSA technologies. The study employs a novel intra-household
dataset of 156 married couples to answer the following questions: (i) What climate
information services are available to husband and wife in the same household? (ii) Are
there gender differences in preference to and trust in CIS dissemination channels? (iii)
What factors influence access to CIS for husbands and wives? (iv) Do gender differences
in access to CIS affect the adoption of CSA technologies? The WMO underscores the
importance of improved provision, communication, and use of CIS to strengthen the resil-
ience, productivity, and livelihoods of farmers of both genders (WMO 2021). Therefore,
the findings of this study will aid in climate-related decision-making by assisting in the
development of strategies and interventions for disseminating CIS suited to gender-spe-
cific needs and preferences.

The rest of the paper is organized as follows: “Section 2” provides an overview of the
study’s methodology, “Sections 3 and 4” present the results and discussions, and “Sec-
tion 5” concludes by giving policy recommendations.

2 Methodology
2.1 Conceptual framework

We base our study on the conceptual framework shown in Fig. 1. The framework presents
association pathways between CIS access and CSA adoption and their determinants. It
illustrates that farmers’ adoption of CSA technologies depends on access to CIS and other
factors such as gender-related factors, household and farm characteristics, institutional fac-
tors like social capital, access to credit, extension services, and CSA technology-related
variables (FAO and World Bank 2017; Chibowa et al. 2020; Andati et al. 2022). Further,
access to CIS is not exogenous but is determined by a number of factors, several of which
have also been reported to influence the uptake of CSA technologies (Ndavula and Lungahi
2018; Partey et al. 2020; Djido et al. 2021; Muita et al. 2021). According to these studies,

Fig.1 A framework showing Communication-

hypothesized association path- related and other »  Access to
ways between CIS access, CSA exogenous CIS
technology adoption, and their variables (Z, 1)
determinants
Gender,
household,
perceptions,
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and institutional
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A
CSA Technology- Adoption of
related and other CSA
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factors that influence the use of CIS include access to credit, perceptions about climate
change, demography, gender, and access to communication technologies like telephone
devices and radio.

2.2 Econometric framework

To operationalize the conceptual framework above, we used a regression approach to ana-
lyze the factors that influence both access to CIS and the adoption of CSA technologies.
Our framework has two binary responses: one is the outcome variable (adoption of CSA
technology), and the other is an endogenous explanatory variable (access to CIS). The
regression model for the determinants of CSA technology adoption takes the form:

CSA; = ay+yCIS; + X5, + Z 5, + p;, CSA; =1 [CSA; > 0] (1

where, for each farmer, i, CIS is the binary variable equal to 1 if the farmer accessed each
category of CIS and zero otherwise; y is a coefficient measuring the effect of access to CIS
on decisions to adopt CSA technologies; X is a set of exogenous variables that drive CSA
adoption; Z, is a set of CIS-related and other exogenous variables not captured by X; ; is
a coefficient, while 6, and 6, are vectors of coefficients, to be determined by the model; and
u, is the error term.

The variable CIS in Eq. (1) can be expressed as:

CIS; = ay + X! p, + Z B, + pp. CIS; = 1[CIS, > 0] Q)

where for each farmer, i, X is a set of exogenous variables that influence access to CIS; Z,
is a vector of CSA technology-related and other exogenous variables not captured by X or
Z,; o, is a coefficient while f, and S, are vectors of coefficients to be estimated; and y, is
the error term. The variables included in the model are described in Table Al in the sup-
plemental material.

From our conceptual framework, we have demonstrated that access to CIS and adoption
of CSA are influenced by a number of common variables. Hence, it is plausible to hypoth-
esize that both CIS access and CSA adoption could as well be affected by some common
unobserved factors, making u; and y, and CIS; and y, to be correlated. This means that
the CIS; variable in Eq. (1) could be endogenous, and the parameter y estimated in Eq. (1)
would be inconsistent due to omitted variable bias (Greene 2018).

To address this problem, Egs. (1) and (2) were estimated using a joint maximum like-
lihood procedure that yields more consistent parameters than estimating separate probit
models (Wooldridge 2010; Greene 2018). The procedure was performed using a recursive
bivariate probit model that is characterized by a structural equation, where a binary out-
come (adoption of CSA technology) is expressed as a function of a binary endogenous
treatment variable (access to CIS) (Filippini et al. 2018). Where the outcome and treatment
variables are binary, the recursive bivariate model is able to control for selection bias and
endogeneity, unlike other econometric methods like the instrumental variable approach and
two-stage least squares (Wooldridge 2010; Greene 2018).

The error term, y = (4, 4,), of the model is presented as:

My Ol [1Lp
zc (2] 1)
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The joint distribution function of g, and u, in the recursive bivariate model,
D,(py, 4y, p), is assumed to be independent of (X, X,) and consists of zero means, unit
variances, and correlation coefficients p, generated from a standard bivariate normal
distribution (Wooldridge 2010; Li et al. 2019). The model was estimated using a novel
Stata user-written command, rbiprobit, version 1.0.0, with separate models for husbands
and their spouses. Further, the recursive bivariate probit model was applied to each cat-
egory of CIS, with the overall decision to adopt and for individual CSA technology.

2.3 Assessing the intra-household interplay

The paper examines the degree to which husband and spouse within the same house-
hold agree, or respond contrarily to questions about access to CIS, need for CIS, chan-
nels of CIS, and trust in sources of CIS. Hence, Cohen’s kappa coefficient (k) analyzed
the intra-household and inter-rater agreement of husband and wife. The kappa estimate
uses dichotomous data to measure if the husband and wife had similar answers to ques-
tions about access, sources, and reliability of sources of CIS. The kappa statistic ranges
from—1 to+1, where 1 indicates a perfect agreement between respondents, a value
of — 1 signifies agreement by chance, and 0 indicates no agreement (Viera and Garrett
2005; McHugh 2012). Besides, the #-test assessed the significance of the difference in
the means for continuous variables. The z-test set the equality of proportions to test if
the responses of the husband and wife were independent or differed significantly from
each other.

2.4 Measurement of key variables
2.4.1 Climate information service

CIS involves the production, translation, dissemination, and use of climate information by
individual and community users and their needs for decision-making (Carr et al. 2020). The
service provides weather and climate information that farmers can use to address climate
risks and consequences (World Bank Group 2016). It includes short-term weather fore-
casts, advisory services, long-term information on climate data and products, and appropri-
ate information about technologies necessary to manage climate risks. Weather and sea-
sonal climate forecasts involve the provision of forecasts before starting a farming season
to support farmers in making informed decisions and adapting to climate variability. For
CIS to be helpful and meet the users’ needs, it must have desirable qualities. These quali-
ties include availability, dependability, usability, credibility, authenticity, responsiveness,
timeliness, and flexibility (WMO 2021). In this study, we are interested in determining
access to CIS, if CIS meets the users’ needs, channels for climate information dissemina-
tion, and the level of trust for various channels of climate information dissemination disag-
gregated by gender. A binary variable captured if farmers had access to four categories of
CIS considered in this study, namely, weather forecasts, seasonal weather forecasts, early
warning systems, and advisory services on CSA. A binary variable measured the channels
of CIS and the preferred CIS dissemination channels by husbands and wives. A scale of
one to five, ranging from strongly distrust to strongly trust, measured the level of trust in
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various sources of CIS. Twelve ordinal statements on trust level in CIS were reduced into
a score using nonlinear principal component analysis (NLPCA). The NLPCA was used
for this study because it is more flexible than linear PCA and may be used to analyze both
nominal and ordinal data (Linting and van der Kooij 2012).

2.4.2 Climate-smart agriculture

In the face of climate change, CSA technologies aid agricultural systems in promoting food
security. CSA aims to increase agricultural productivity while improving resilience to cli-
mate-related risks and lowering agricultural emissions (FAO 2013). The study considered
CSA in crop and livestock production adopted by husband and spouse either on individual
plots or at the household level. For brevity, we generated a binary variable equal to one
if the husband or spouse had adopted any CSA technology in agriculture (either crop or
livestock production) and for each CSA technology, and zero otherwise. The crop climate-
smart technologies considered were change in crop types and varieties, planting dates,
increase land under production, crop rotation, water harvesting, irrigation, agroforestry,
and soil conservation. Changing animal breeds, destocking, changing and diversifying
feeds, supplementary feeds, and diversifying livestock portfolios are examples of climate-
smart livestock technologies considered in this study.

2.5 Data

This paper leverages an intra-household dataset obtained in 2012 from four counties in Kenya.
The sampled counties were Embu, Nakuru, Nyeri, and Siaya. The study used a multi-stage
selection and purposive sampling approach to identify counties with diverse cultural and eco-
nomic backgrounds, agroecological conditions, and climate change susceptibility. Households
where couples were identified for interview were sampled using a random sampling approach.
Hence, intra-household data was acquired by interviewing the husband and wife individually
and simultaneously, with no opportunity for consultation. A random sample of 156 married
couples was involved in the survey amounting to 312 respondents.

The database contains gender-differentiated and intra-household information on access
to specific needs for CIS, access to production resources, individual characteristics, percep-
tions of climate change, and the uptake of CSA technologies. The survey questionnaire
was cautiously pretested in a village in Embu County, which had similar economic and
climate conditions to the targeted study sites. The questionnaire was revised to incorporate
the concerns identified during the pretest. To adhere to research ethics and gender consid-
erations, male and female research assistants interviewed husbands and their spouses. This
allowed for the creation of a pleasant interview setting that ensured the correctness of the
data obtained. Research assistants were trained to ensure quality and ethical data collec-
tion. Furthermore, before the interviews, the research assistants explained the purpose of
the study and obtained verbal consent from the spouses.

The spouses interviewed had individual and household plots, hence having the autonomy
to decide on production. However, the data did not distinguish whether CSA technologies
were implemented on individual or household-level plots. The dataset indicates gender differ-
ences in access to and use of crucial resources that determine access to CIS and the adoption
of CSA technologies. Table Al in the supplemental material presents definitions, descriptive
statistics, and gender differences of the variables.
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3 Results
3.1 Gender analysis of access to and needs for CIS

Table 1 compares access to CIS between husbands and spouses within the same house-
holds. The results indicate that 63% of wives had access to weather forecasts, compared
to 45% of husbands (Pearson X><0.001). This could be attributed to women’s ability to
access radio that mainly broadcasts weather forecasts to farmers easily. A higher propor-
tion of husbands had access to early warning systems, particularly on droughts and floods,
and also had access to advisory services on adapting to climate change compared to their
spouses. The kappa statistics were insignificant for all CIS, meaning there was no agree-
ment on access to CIS, which implies gender differences in access to CIS between spouses.

We further asked respondents whether CIS acquired through various dissemination
pathways met their needs for climate change adaptation. Interestingly, 38% of wives indi-
cated that climate information (CI) received met their needs, compared to 30% of husbands
(»<0.10). This implies that CI received by farmers could be inadequate. Hence, more
information on how to adapt to changing climate and weather variability is required. CIS
needs were significantly different between husbands and wives. More men reported requir-
ing CI on rainfall patterns (25%), compared to 13% of wives. A higher percentage of wives
needed CI on localized weather forecasts (12%) and the effects of climate change (8%)
against 6% and 3% of husbands, respectively. Both husbands and wives stated that they
need accurate weather information to guide them on when to begin planting and advisory
services on appropriate adaptation strategies.

3.2 Gender analysis of CIS dissemination pathways

Table 2 shows that there were gender-specific preferences for different CIS dissemination
pathways. Husbands mostly preferred receiving CIS through agricultural extension officers,
print media, television, and local leaders. In contrast, radio and social groups were wives’
most preferred channels for accessing CIS. Furthermore, husbands and spouses stated that
the CIS conveyed by radio programs and extension officers significantly impacted their
decision to adopt appropriate CSA technologies. For example, CIS influenced decisions
to adopt drought-tolerant crop types and cultivars, soil and water management strategies,
agroforestry, and other agricultural innovations. Trust in the information acquired through

Table 1 Gender differences in access to CIS

Climate information services Overall Husbands Wives Difference in % point
(% yes) (% yes) (% yes)

Accessed at least one CIS 87.50 88.39 87.18 1.21

Accessed weather forecasts 54.17 44.87 63.46 - 18.59™

Accessed seasonal forecasts 28.21 26.28 30.13 —3.85

Accessed early warning systems 32.37 38.46 26.28 12.18"

Received advisory services on adaptation 33.33 42.95 23.72 19.23™

CIS meets the need of farmers 34.29 30.12 38.46 -83"

N 312 156 156

stk

"p<0.1, "p<0.05, "p<0.01, following a z-test for equality of proportions
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Table 2 Gender differences in preferences for CIS dissemination pathways

Dissemination pathway Overall Husbands Wives Difference in % point
(% yes) (% yes) (% yes)
Radio 75.00 68.59 81.41 —12.82"
Extension officers 31.41 4231 20.51 2179
Television 19.73 22.15 17.31 4.84"
Social groups 16.03 12.18 19.87 —-7.69"
Other farmers 6.73 7.05 6.41 0.64
Local leaders 3.21 5.13 1.28 3.85™
Printed media—news paper 2.89 5.13 0.64 4.49"
Field days 1.28 1.92 0.64 1.28
NGOs 0.32 0.64 0.00 0.64
Number of sources of CIS (mean) 1.88 1.91 1.85 0.06
Trust score on sources of CIS (mean) 0.68 0.65 0.70 —0.05"
N 312 156 156

"p<0.1, “p<0.05, “"p<0.01, following a z-test for equality of proportions and r-test for difference in
means

different pathways could also influence the adoption of CSA technologies. Results show
that wives had a higher trust index (0.70) on CIS dissemination pathways than husbands
(0.65) (p<0.05). Wives reported that CIS from extension officers and social groups was
more reliable, while husbands indicated that CIS from university scientists and Kenya
meteorologists was more truthful. The kappa results show that both husbands and spouses
agreed that the CIS obtained from farmer groups, printed media, radio programs, and
extension agents was relevant and trustworthy (p value <0.10).

3.3 Adoption of CSA strategies, by use of various CIS among husbands and wives

Table 3 compares adoption rates between those who had accessed CIS and those who had
not, for husbands and wives.

The findings show that uptake of CSA technologies was higher for farmers who
accessed CIS than for farmers who did not access it. Among husbands, adoption of CSA
was significantly higher for those who had accessed seasonal forecasts, early warning sys-
tems, and advisory services on adaptation, than those who had not accessed these services.
On the other hand, the adoption of CSA was higher for wives who had accessed early
warning systems and advisory services on adaptation than those who had not. Adoption of
CSA by both wives and husbands did not differ significantly by access to weather forecast
information.

Table 4 presents the adoption of each CSA technology distinguished by gender and
access to CIS. Both husbands and wives who had access to advisory services were more
likely to adopt agroforestry, change crop varieties, and reduce the number of livestock
(destocking). A higher proportion of husbands who had access to advisory services on
adaptation embraced crop rotation, soil conservation, change in animal breeds, and diversi-
fied livestock. In contrast, wives with access to advisory services were likelier to change
planting dates but less likely to adopt soil conservation practices.

@ Springer
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Table 3 Access to CIS and adoption of CSA, by gender

Variable CIS accessed

Weather forecasts ~ Seasonal forecasts Early warn- Advisory services
ing systems

Uptake of CSA (% sample)

Husbands Yes 71.43 85.37 90.00 91.05
No 80.23 73.04 67.71 65.17
Difference —8.80 12.32" 22.29™ 25.88™
Wives Yes 84.84 85.11 90.24 97.23
No 84.21 84.40 82.61 80.67
Difference 0.6 0.7 7.64" 16.63"
Whole sample  Yes 81.81 85.57 90.01 93.27
No 79.29 78.57 75.83 74.03
Difference  2.53 6.65" 1427 19.23™

“p<0.1, "p<0.05, ""p<0.01, following a z-test for equality of proportions

Supplemental Tables A2 and A3 illustrate that husbands’ and wives’ access to other
kinds of CIS influenced the uptake of each CSA technology in different ways. Husbands’
and wives’ access to early warning systems led to changing crop varieties. It is linked to
husbands’ decisions to adopt water harvesting strategies, crop rotation, destocking, live-
stock diversification, and increased land under crop production. In contrast, a higher pro-
portion of wives who had access to early warning changed crop types and planting dates
but were less likely to adopt soil conservation practices. Notably, access to weather fore-
casts led to a lower proportion of husbands changing crop varieties and types, adopting
crop rotation, destocking, and livestock diversification strategies.

3.4 Econometric results on factors influencing access to CIS by husbands and wives

Table 5 presents the findings of the second stage of recursive bivariate probit models on
gendered factors determining access to CIS (models 1-8). Results show that age negatively
influenced access to seasonal forecasts by women but not by men. The younger women
were more likely to seek out climate information than older women. The findings on the
influence of levels of education on the use of climate information services were mixed.
Years of schooling negatively influenced access to early warning systems by husbands and
access to appropriate advice on adaptation by wives but positively influenced access to
weather forecasts by wives.

Access to multiple CIS dissemination pathways positively influenced access to CIS by
both husbands and wives. For the husbands, this influence was positive for weather fore-
casts, early warning systems, and advisory services but insignificant for seasonal forecasts.
At the same time, the effect was significant for wives for weather forecasts and early warn-
ing systems. This implies the need to disseminate CI through various platforms that may
fit recipients’ convenience, conditions, and preferences. The level of trust in CI was asso-
ciated with access to seasonal forecasts, early warning systems, and advisory services by
husbands and seasonal forecasts and advisory services by wives. This implies that farmers’
perception of CIS’s reliability could influence CI access consequently, adaptation to cli-
mate change.
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Access to credit had mixed findings: while it positively influenced access to early warn-
ing systems and advisory services, it negatively affected access to weather forecast infor-
mation for both husbands and wives. Farmers with higher incomes, primarily men, were
more likely to access early warning information. Access to credit and income are essential
resources to improve the ability to acquire necessary platforms like radios, mobile phones,
and TVs that increase access to CIS, improving farmers’ adaptive capacity. Further find-
ings show that belonging to a mixed-gender social group positively influenced access to
seasonal forecasts for husbands and advisory services for both husbands and wives. This
implies that such social groups could provide a platform for men and women to interact
and share climate information, improving CIS access.

Household size negatively influenced wives’ access to seasonal forecasts and advisory
services. This could imply that a larger family size provides an opportunity for sharing
climate information, but with the possibility of misinformation and inappropriate adap-
tation information among members or women with a larger family size become too pre-
occupied with family issues, limiting their interaction with CIS platforms. Compared to
Nakuru County, male farmers in Embu County were less likely to access advisory services
on adaptation. Females were more likely to access early warning systems information but
less likely to access weather and seasonal weather forecasts and advisory services on adap-
tation options. Female farmers in Siaya and Nyeri counties were less likely to use seasonal
forecasts than female farmers in Nakuru County. These findings point to geographical vari-
ations in CIS access, perhaps due to differences in climatic conditions across the counties.

3.5 Econometric results on the effects of CIS on the adoption of CSA technologies

Table 6 shows the results of the effects of access to CIS on the adoption of CSA technolo-
gies that correspond to the first stage of the recursive bivariate probit model (models 9-16).
Results for the control variables were omitted from Table 6 for brevity but are available
upon request. The findings show that early warning systems and advisory services signifi-
cantly and positively influenced husbands’ and wives’ uptake of CSA technologies. Access
to seasonal forecasts positively affected the uptake of CSA technologies by husbands but
had no significant effect on wives’ decisions to adopt CSA technologies. Contrastingly,
access to weather forecast information negatively impacted husbands’ decisions to adopt
CSA technologies. This could be because weather information is not timely and reliable,
as reported by the farmers. Because husbands had greater access to more CIS diffusion
pathways than wives, this favorably influenced their decisions to embrace CSA technol-
ogy. Wives’ trust in various sources of climate information had a positive effect on their
decision to adopt CSA but did not affect their husbands’ CSA technology adoption deci-
sion. This could be due to wives’ higher level of trust in the sources of CIS than husbands’,
which could have led to a positive perception of climate information, consequently, their
decisions to adopt CSA technologies.

Tables A4 and AS in the supplemental material present the effect of CIS on individ-
ual CSA for husbands and wives, respectively. The findings point to gender differences in
how different categories of CIS affect CSA adoption. Access to early warning negatively
affected wives’ decisions to change crop varieties and types, adopt crop rotation, soil man-
agement, and practice agroforestry, whereas it had a positive effect on husbands’ decisions
to change crop types and varieties, change planting dates, implement crop rotation, soil
management, diversifying livestock feeds, and livestock portfolio. Access to advisory ser-
vices on adaptation positively affected decisions to change crop varieties and types, change
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animal breeds, destock, diversify animal feeds, and diversify livestock portfolios for both
husbands and wives. Access to weather and seasonal forecasts also had mixed effects on
how they influenced decisions to adopt different CSA technologies. This could suggest that
male and female farmers have different understandings of the CIS.

Results on factors influencing the adoption of each CSA technology for husbands and
wives, a case of the advisory services model, are shown in Tables A6 and A7 in the supple-
mental material. The findings provide evidence of gender differences in the variables influ-
encing decisions to adopt each CSA technology. The years of schooling of husbands posi-
tively influenced the adoption of various CSA technologies, such as a change in crop types
and crop rotation. In contrast, it influenced changes in crop varieties for wives. Access to
credit positively affected wives’ decisions to switch to different crop types and diversify
livestock portfolios while negatively impacted husbands’ decisions to diversify livestock
and adopt soil conservation strategies. The husbands’ age negatively affected the deci-
sion to change crop varieties. In contrast, the wives’ age positively affected the decision to
switch crop varieties and destocking but negatively impacted change in crop types and soil
conservation practices. Membership in a mixed-gender group positively affected adopting
agroforestry and crop types for wives, as well as crop rotation and soil conservation prac-
tices. Household size negatively influenced wives’ decisions to change crop types but posi-
tively affected husbands’ decisions to change crop types and adopt agroforestry. Women
with larger family sizes become preoccupied with family issues, making them reluctant to
adopt labor-intensive technologies like agroforestry and soil management measures. Total
TLU positively influenced the husbands’ decision to change animal breeds, who own a
more considerable percentage of livestock, especially cattle and larger livestock.

4 Discussion

This study expands the growing evidence on the role of gendered access to CIS in improv-
ing the uptake of CSA technologies. It illustrates the necessity of moving away from a
unitary agricultural household model toward a model that focuses on individuals within the
household. This is because it is usually a norm that household members have diverse pref-
erences, needs, and budgetary restrictions and differ in control over resources.

Descriptive statistics point to differences in CIS access, dissemination pathways, and
whether CIS met the needs of husbands and spouses within the same households. Wives
had more access to weather forecasts, while a higher percentage of husbands had access
to early warning information and advisory services. CIS needs were significantly different
between husbands and wives. Husbands indicated that they need CIS on rainfall patterns
and wives on local-specific weather forecasts and effects of climate change. Our findings
resonate with those of Diouf et al. (2019) in Senegal, who found that men had more access
to CIS, but both men and women required timely forecast information, such as the onset of
the rainy season. To cope with unpredictable climate risks, Muita et al. (2021) discovered
that farmers in Kenya require sub-seasonal and seasonal forecasts with reliable informa-
tion on rainfall onset dates and distribution. The study also found significant gender-spe-
cific preferences in CIS dissemination pathways where husbands preferred receiving cli-
mate information through agricultural extension officers, print media, television, and local
leaders, whereas the wives mainly preferred radio and social groups. Radio programs and
extension officers were most influential on husbands’ and wives’ decision-making on the
uptake of CSA technologies. Our findings are partly consistent with those of Henriksson
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et al. (2021), who found radio the preferred means to communicate climate information,
particularly weather forecasts, by both men and women farmers, but accessing forecasts
through knowledge brokers was preferred mainly by women in Malawi. Diouf et al. (2019)
similarly found that in Senegal, a higher percentage of women (46%, compared to 39% of
men) prefer rural radio programs as the primary channel to access CIS. Evidence points
out that local radio stations that use regional dialects play a vital role in disseminating
local-specific and up-to-date weather and climate information to farmers, helping them
make timely adaptation decisions. Yohannis et al. (2019) found that community radios help
farmers access real-time and relevant local-specific climate information such as weather,
seasonal forecasts, and agro advisories. However, Gumucio et al. (2018) suggest that child-
care and household responsibilities could hinder women’s attentiveness and ability to listen
to radio programs, hence missing vital CIS. In such scenarios, repetitive radio broadcast
programs could help reach many women farmers. In Malawi, mostly male farmers with
higher education levels prefer accessing forecasts through the internet and mobile phones
(Henriksson et al. 2021). This study found that wives preferred receiving CIS through
social groups while being a member of a mixed-gender group influenced access to CIS
for both husbands and wives due to the broader networks in such groups. This is because
social networks, groups, and producers’ organizations disseminate CIS to farmers, improv-
ing adaptive capacity, particularly for women farmers (Diouf et al. 2019). Furthermore,
men preferred acquiring CIS through print media like newspapers, which may be explained
by men having more years of schooling than women, as also reported by Henriksson et al.
(2021).

Understanding the prerequisites across heterogeneity regarding gender and other factors
is crucial to designing effective CIS communication and dissemination strategies and inter-
ventions. The study found gendered differences in factors influencing access to CIS due
to inequalities in socio-economic characteristics. Perception of climate change influenced
husbands’ access to CIS, considering gender differences in perception of climate change.
Contrary, Diouf et al. (2019) suggested that willingness to act against the effects of climate
change influenced access to CIS by women. The age of the farmers influenced access to
CIS by women, whereby younger women were more likely to access CIS. Our findings also
indicate that high-income farmers, primarily men, were more likely to access and use CIS.
Partey et al. (2020) similarly found that in Ghana, financial resources influenced access
to CIS by men, enabling them to purchase mobile phones that facilitated easy access to
CIS. The results indicate that both men and women require accurate CIS. While wives
had a higher index of trust in CIS sources, perceptions of reliability and the level of trust
in the CIS influenced access to the CIS by both husbands and wives. Farmers’ high trust
level in the CIS is linked to more accurate climate information, implying that forecasts
play out as predicted. These results resonate with recent studies that have shown that the
use of CIS requires that users perceive that information as reliable, accurate, and logical
(Tembo-Nhlema, et al. 2019; Henriksson et al. 2021) and be disseminated before the agri-
cultural season, preferably through communication channels that the users deem pertinent
(Tall et al. 2018). Amegnaglo et al. (2017) found that farmers in West Africa needed pre-
cise seasonal forecasts provided at least two months before the onset of rains. Besides, both
husbands and wives reported that weather forecasts are not accurate and dependable, which
was confirmed by the finding that weather forecasts were negatively associated with adop-
tion decisions by men. The study by Muita et al. (2021) resonates with our conclusions that
farmers’ perceptions of information influenced the choice of CI, while lack of trust, preci-
sion, and relevance of CI results in low use of information by farmers in Kenya, but their
study overlooked gender perceptive of CIS. However, because there is inherent uncertainty
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in climate information, events might not always turn out exactly as projected (Tall et al.
2018). Farmers’ access to different CIS dissemination pathways influenced access to
CIS by men and women. Access to ICT tools such as radio, TV, short messages through
mobile phones, agricultural extension officers, participation in social groups, and active
participation of NGOs in disseminating adaptation practices and climate information pro-
moted uptake and use of CIS by farmers (Mwaniki et al. 2017; Ndavula and Lungahi 2018;
McKune et al. 2018; Muita et al. 2021). Kumar et al. (2021) found that co-production of
CIS with farmers and a bundle of communication that integrated forecast visualization,
face-to-face interaction, printed media, and a smartphone app improved the uptake of CIS
by farmers in the Bengal Delta.

Evidence points to difficulties in examining the extent to which using CIS influences
farmers’ decision-making (Tall et al. 2018). To explore the effects of CIS, we focused on
the outcomes of behavioral changes in adaptation decisions, i.e., the overall decision to
adapt CSA and adopt individual CSA practices, such as changes in crop varieties and types
and changes in plating time. Both descriptive and econometric results point to gender dif-
ferences in how access to CIS affects the decision to adapt and adopt specific CSA technol-
ogy. Access to early warning systems and appropriate advice on climate change adaptation
had the highest effects on husbands’ and wives’ uptake of CSA technologies, while access
to seasonal forecasts positively affected the uptake of CSA technologies by husbands only.
Access to different kinds of CIS influenced the uptake of specific CSA technologies among
husbands and wives. For example, wives who had received advisory services increased
their capacity to change crop varieties and types, change animal breeds, and diversify ani-
mal feeds and livestock portfolios. Climate services help farmers make informed decisions
to improve their food security, yield, and income and acquire resources to invest in CSA
technologies. Farmers who receive CIS increase their capacity to understand and adopt
CSA (Born 2021).

Past evidence on the role of CIS and CSA adoption indicates mixed findings and conclu-
sions. For instance, Chiputwa et al. (2021) reported mixed results whereby seasonal fore-
casts increased the use of improved seed, fertilizers, and manure but lowered the adoption
of crop diversification. A recent study by McKune et al. (2018) found that in Kenya, CIS
helped farmers make changes in farming operations without significant differences between
men and women. However, there was no direct association between using CIS, adopting
CSA practices, and food security. Roudier et al. (2012) found that decadal and seasonal
forecasts induced adaptation decisions of millet farmers, making them adopt various millet
cultivars, multiple fertilization, and different sowing dates. Chiputwa et al. (2021) found
that weather and climate information increased the production of higher-value crops, which
improved the income and livelihoods of farmers in Senegal. Kumar et al. (2021) found that
weather forecasts helped farmers make strategic crop and livestock production decisions
like better timing of inputs application that increased agricultural systems’ profitability. In
Ghana, Djido et al. (2021) found CIS increased the adoption rates of CSA practices such as
pest-resistant crops, water management strategies, and multiple cropping practices. Contra-
rily, Owusu et al. (2021) found no significant impact of CIS on farmers’ decision to adopt
CSA technologies. This study adds to our understanding of how CIS promotes specific
CSA technology and varies across male and female farmers.

Lastly, the econometric findings suggest gendered factors influencing decisions to adopt
specific CSA. While these results focused on socio-economic and institutional factors, a
keen look suggests that gendered roles, responsibilities, control over resources, and labor
allocation could also affect CSA adoption. Access to credit and age positively affected
wives’ decisions to switch to different crop types and diversify livestock portfolios, while
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household size negatively affected wives’ adoption of different crop types. A larger house-
hold size could imply added responsibility to a woman in a household on family issues
like food preparation and (child) care responsibility. Even with access to advisory services
on adaptation, women were still reluctant to adopt labor-demanding CSA technologies
like soil conservation and agroforestry. In Kenya, agroforestry is predominantly the men’s
responsibility, who also enjoy better land rights than women. CSA technology adoption
also depends on diverse gendered roles in producing and distributing agroforestry benefits
(Schiirmann et al. 2020). Besides, amidst the gender gap in access to productive resources,
women still play an important role in four pillars related to food security, more so in many
aspects of crop production. Hence, women may be reluctant to change crop types or adopt
any CSA technology before they are guaranteed of food security.

5 Conclusion and policy implications

This study evaluates the differential effects of CIS access on the adoption of CSA tech-
nologies between married couples. This study found significant differences in CIS access,
means of access, perceptions, and needs between husbands and spouses within the same
household. Wives had more access to weather forecasts, while a higher proportion of hus-
bands had access to early warning information and advisory services on adaptation. CIS
needs were significantly different between husbands and wives, whereby men needed infor-
mation on rainfall patterns and women on local-specific weather forecasts and effects of
climate change. There were significant gender-specific preferences for CIS dissemination
pathways, whereby husbands preferred receiving CIS through agricultural extension offic-
ers, print media, television, and local leaders. In contrast, the radio and social groups were
the most preferred channels for receiving CIS by wives. The study concludes there are
gendered differences in factors influencing access to CIS due to inequalities in socio-eco-
nomic characteristics and perceptions. Income and perception of climate change influenced
husbands’ access to CIS, while age, education level, household size, and agroecological
regions influenced wives’ access to CIS. Trust in CIS, access to a bundle of CIS dissemina-
tion pathways, access to credit, and membership in a mixed-gender group influenced access
to CIS for both husbands and wives, while access to and use of CIS significantly affected
the uptake of CSA technologies among both genders. Further, access to early warning sys-
tems and advisory services had the highest effects on husbands’ and wives’ uptake of CSA
technologies. In addition, access to seasonal forecasts positively affected CSA’s adoption
by husbands but negatively impacted wives’ decisions. In contrast, access to weather fore-
casts was negatively associated with husbands’ decisions to adopt CSA technologies.
These findings bring out the need to create synergies to improve access to CIS and
CSA adoption. There is a need to tailor the CIS to meet the needs and preferences of men
and women. Moreover, CIS ought to be channeled through gender-sensitive communica-
tion pathways that can also meet the needs of both male and female farmers. Radio, social
groups, and producer organizations could be used to communicate CIS, training, and sup-
port to women farmers, whereas agricultural extension services, TVs, and local leaders
can be made more women-friendly to reach more female farmers. Amid evolving digital
innovations, ICT-based channels like mobile phones, smartphone apps, and social media
could increase the likelihood of women accessing and using essential CIS. The timing of
communicating CIS should align with men’s and women’s livelihoods, societal engage-
ments, roles, and responsibilities, where multiple radio or TV broadcasting, repetitive
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messaging, and social group meetings could increase access to CIS by both genders. More
so, there is a need to use a combination of communication pathways to promote access and
use of CIS by men and women farmers. In addition, there is a need to consider gender-
related constraints to accessing CIS and adoption of CSA, like the low literacy of women,
while designing CIS and CSA strategies and interventions. For instance, technical CIS and
CSA information could be simplified using local dialects, short videos, and visualization
to reach out to more female farmers. Gender-related factors like access to credit for wives,
engagement in mixed gender social groups and access to multiple information dissemi-
nation pathways, considerations of gender roles and responsibilities, and property rights
could improve adoption rates of specific CSA technology.

Further research should evaluate the spillover effects of access to CIS within a house-
hold and how it affects adaptation behavior. Moreover, research should explore if CIS
impacts crop productivity, food security, and income, which have received relatively little
attention.
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