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A B S T R A C T

Water scarcity traps smallholder farmers in a vicious circle of poverty and challenges individual well-being. This 
study explores the impact of climate change on water resources and the factors influencing smallholder farmers 
to adopt various strategies to overcome water scarcity in the context of climate change. Multi-stage sampling 
techniques were used to collect data from sampled household heads (N = 1946) from five districts in the 
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Rainwater harvesting
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southwestern parts of Ethiopia, namely Diga, Guto Gida, Wayu Tuka, Sasiga, and Gimbi. Household-level water 
scarcity adaptation strategies were explored using a multivariate probit model (MVP) and multidimensional 
econometric model. Results show that 58.6% of household heads reported climate change impacts on water 
availability. Household heads exposed to agricultural yield loss tend to have greater awareness about climate 
change. Results show that access to water resources has a strong negative effect on the use of the rainwater 
harvesting strategy. Social networks, extension services and use of mass media have a positive effect on the 
utilization of water harvesting, water rules, protection of the watershed, public capacity building and the 
improvement of water infrastructures. Variables such as age, marital status, income, and limited institutional 
support significantly influence smallholder farmers’ decisions to utilize different water scarcity adaptation 
strategies. This study generates practical policy implications of the impacts of water scarcity for rainfall- 
dependent smallholder farmers in developing countries.

1. Introduction

Water resources are essential for the daily well-being and livelihoods 
of people (Abanyie et al., 2023). These important resources are under 
pressure globally due to the combined effects of population growth, 
urbanization, overexploitation of water resources and climate change 
(Çelik et al., 2018; Guermazi et al., 2018; Allan et al., 2013; Arnell, 
1999). Climate change is increasingly disrupting hydrological cycles by 
affecting both surface and groundwater resources (Ali et al., 2025; 
Granata and Nunno, 2025; Hassan et al., 2022; Olmstead, 2014). At the 
global level, increasing temperature trends, shifting of precipitation 
patterns, and increased extreme weather affect water resources (Shah 
and Sharifi, 2025; Dao et al., 2024).

Ecosystem services have been degraded as climate change is inten
sified (Ioan et al., 2025; Lungarska and Chakir, 2024; Furtak and 
Wolińska, 2023). The impact of climate change is diverse across various 
sectors with water resources among the heavily impacted sectors due to 
the vast reliance of the resource by various ecosystems. Climate change 
disproportionately affects the farming communities, which rely on 
rainfed agriculture and domestic use (Zahnow et al., 2025; Gilli et al., 
2025; Gemeda et al., 2023; Gosling and Arnell, 2016). 
Rain-fed-dependent agricultural systems were highly vulnerable to 
climate change impacts (Lombe et al., 2024; Niang et al., 2014; Shiferaw 
et al., 2014). The effects of climate change on rain-fed agricultural 
communities are beyond the shortage of food and water; it has sub
stantial impacts on people's migration to other regions in search of better 
lives and jobs.

This study plays a crucial role in contributing to our understanding of 
water-related resources and how climate change affects the availability 
and quality of water resources in Sub-Saharan Africa. It empirically 
examines the adaptation strategies developed by farming communities 
in southwestern Ethiopia to address water scarcity, providing compre
hensive analyses of multiple household-level decision-making processes 
considering economic and social variables. This study not only generates 
theoretical insights but also provides practical policy implications for 
rainfall-dependent smallholder farmers by using a multivariate probit 
model (MVP). The results of this study align with the emphasis of the 
Intergovernmental Panel on Climate Change (IPCC), which contribute to 
the development of both effective climate resilience and water scarcity 
adaptation strategies.

Five distinct but interrelated adaptation strategies for water scarcity 
were analyzed using a multidimensional econometric model. While 
literature often focuses on a single application, this research provides a 
comprehensive framework encompassing both socioeconomic and 
institutional factors, revealing how households simultaneously adopt 
multiple strategies. The MVP model provides a holistic assessment by 
correlations among dependent variables, making the study both meth
odologically innovative and providing a robust analytical model that 
can serve as a model for other developing countries.

Due to less utilization of small-scale irrigation systems and heavy 
dependence on rainfed agriculture, Ethiopia is vulnerable to climate 
change (Conway and Schipper, 2011). Over the recent decade, drought, 
erratic rainfall, and flood frequency have been increasing and degrading 

water availability (Malede et al., 2025; Behailu et al., 2021). The Angar 
and Didessa sub-basin, the upper part of the Abay basin, supports 
diverse rural livelihoods reliant on rain-fed agriculture, livestock, and 
freshwater ecosystems (Dessie and Melesse, 2012). Previous research 
overlooks the correlation between climate variability, ecohydrology, 
and socio-economic vulnerabilities at this sub-basin scale (Worqlul 
et al., 2018). Therefore, the present study assesses how climate change 
threatens water resources and factors that influence the farming com
munities to resolve water scarcity challenges. The results of this study 
aims to bolster resilience and sustainable development in rural areas.

While research on the impacts of climate change on water resources 
and agricultural livelihoods is increasing in Sub-Saharan Africa 
(Connolly-Boutin and Smit, 2015; Ofori et al., 2021), the existing liter
ature remains limited in terms of studies that simultaneously examine 
multiple adaptation strategies for small-scale farmers facing water 
scarcity. Furthermore, many studies primarily assess water scarcity 
through biophysical factors (Berhanu and Bisrat, 2020; Bojago et al., 
2022), with limited attention paid to the combined role of socioeco
nomic and institutional factors at the household level. In particular, 
empirical studies that holistically examine the combined effects of 
climate variability, social structure, and institutional support mecha
nisms on adaptation decisions are quite limited at the sub-basin level, 
especially in southwestern Ethiopia.

2. Materials and methods

2.1. Descriptions of the study area

This study was conducted in the southwestern parts of Oromia Na
tional Regional State of Ethiopia, which have the most diverse topog
raphy, climate, soil, and vegetation structures, including species 
composition. This study covers five districts from the western parts of 
Oromia National Regional State (Fig. 1). Western part of Oromia re
ceives high precipitation from June to September.

A mixed farming agricultural system is the main economy of the 
study area. Several crops, such as teff, barley, wheat, millet, rice, and 
sesame are cultivated in this region. Because of diverse climate, this 
region is well known for cultivation of various vegetables (tomato, 
cabbage, green pepper, garlic, onion, carrot), fruits (orange, papaya, 
banana, avocado, mango, pineapple, and lemon) and root and tuber 
crops (anchote, potato, sweet potato, cassava, enset, yam, and taro). 
Cash crops such as coffee, tea, oilseeds, peanuts, and other spices crops 
are commonly grown in this region.

The study area has abundant water resources. There are different 
river basins in this region, including the Didessa, Anger, Dabus, and 
Wajja Rivers. In comparison to the northern, centeral, southern and 
eastern regions of Oromia, this area is relatively better in terms of 
vegetation cover and water resources. Over the recent decades, there has 
been intense pressure on forest resources in various places, leading to 
agricultural land expansions. Despite the threat posed to the natural 
forests by agricultural expansions and other economic activities, intact 
Afromontane rainforests are still found in this region (Mengist et al., 
2024; Asefa et al., 2020). Afromontane forests are inherently associated 
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with coffee forests and are very valuable for the preservation of wild 
Arabica coffee and protection of tree genetic diversity (Gole et al., 
2008). Both moist evergreen montane forest and Afroalpine and 
Sub-Afroalpine vegetation are available in this part of the country.

2.2. Research design

This study adopted a multi-stage sampling technique to select the 
sampled household heads from five districts in the southwestern region 
of Oromia. In the first stage, two zones (East Wollega and West Wollega) 
were selected from western part of Oromia. In the second stage, there are 
four districts from East Wollega Zone (Diga, Guto Gida, Wayu Tuka, and 
Sasiga) and one district from the West Wollega Zone (Gimbi) that were 
selected based on stakeholders' recommendations (Table 1). Finally, 
systematic random sampling methods were employed: a random starting 
point was selected, and then every third household was interviewed 
until the required sample size for each district was completed (Mehta 
and Naveed, 2025; Gemeda et al., 2023; Maier et al., 2023).

Due to the homogeneity of the study population, the household 
heads were selected at three regular intervals (Gemeda et al., 2025), 
which means interviewing one head of household after skipping two 
household heads until the required size was reached for each district. A 
total of 1946 sample households were selected from a total of five dis
tricts using Yamane's (1967) simplified formula (Eq. (1)). 

n=
N

1 + N(e)2 Equation 1 

where n is the sample size, N is the sample of the household heads, and e 
is the sampling error (5%) with a 95% confidence level.

The household survey focused on socio-demographic characteristics, 
water resource utilization, and factors influencing the local communities 
to adopt different actions to minimize the impacts of water scarcity in 

Ethiopia. A closed-ended questionnaire was designed using binary re
sponses, yes or no, to explore water resources-related issues, including 
accessibility, consumption patterns, factors affecting accessibility, and 
existing opportunities to overcome water resources-related challenges.

Dependent variables: A total of five dependent variables: Rain
water harvesting, water rule, protecting watershed, public capacity 
building, and improving infrastructure were selected based on stake
holders recommendations and because they represent common, empir
ically studied adaptation strategies in rain-fed agricultural systems of 
Ethiopia and sub-Saharan Africa (Deressa et al., 2009; Gemeda et al., 
2023).

Rainwater harvesting: This is a means of collecting rainwater by 
using different methods. It is one of the key water management mea
sures to increase water availability in times of water scarcity. Rainwater 
harvesting is frequently used for both household consumption and 
agricultural productivity. Rainwater can be collected by using rain 
barrels or rainwater tank equipment and constructing catchments and 
channels that can be used for both domestic and non-domestic uses 
(García-Ávila et al., 2023; Nandi and Gonela, 2022). Rainwater is highly 
utilized for drinking water and other household consumption during the 
rainy season in rural areas of Ethiopia. It minimizes the workload of 
women and children in water collection from rivers. The use of 

Fig. 1. Map of the study area.

Table 1 
Sample size of household heads.

Districts Total household heads Error margin Sample size %

Diga 12109 0.0025 387 19.9
Guto Gida 18959 0.0025 392 20.1
Gimbi 14925 0.0025 390 20
Sasiga 16113 0.0025 390 20
Wayu Tuka 12228 0.0025 387 19.9
Total 74334 ​ 1946 100
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rainwater for household consumption during the main rainy season is 
increasing due to less accessibility to tap water and other freshwater 
resources in rural areas.

Water rule: is a local context rule on water utilization and man
agement, particularly for small-scale irrigation practices. The farming 
communities developed rules and restrictions for water distribution and 
allocation to ensure fairness and justice on the one hand and control 
monopolistic behaviour on the other hand in water use.

Protecting the watershed: Water quality management at the 
watershed scale contributes to the availability of water resources. 
Watershed management is one key measure that can minimize the 
problem of water scarcity in rainfed-dependent agricultural commu
nities (Vema et al., 2018). Poor water quality is the result of watershed 
degradation (Gavrilaş et al., 2025; Zhang and Barten, 2009). Protecting 
and governing watersheds requires strong collaboration between local 
communities and policymakers (Lalika et al., 2015).

Public capacity building: Public capacity building refers to the 
development of public knowledge and skills on water resources and 

factors that influence water scarcity adaptation options.
Improving infrastructure: Improving infrastructure in this study 

refers to upgrading and maintenance of water infrastructure, water 
source rehabilitation, building small-scale dams and reservoirs, water 
treatment plants and other activities that can improve the availability of 
water resources. Water infrastructure includes protecting wells and 

springs, drilling wells, and constructing and maintaining small dams.
Explanatory variables: explanatory variables are used to predict 

the most important factors that influence the farming communities to 
utilize different adaptation strategies towards water scarcity. In this 
study, eleven explanatory variables, namely, sex, age, marital status, 
family size, education, income, access to water resources, social net
works, limited infrastructures, extension services, and access to media 
resources, were included in the model as shown in Table 2.

2.3. Data analysis

Data was analyzed using frequency counts that were calculated for 
each item, summarizing the total number of Yes (1) and No (0) re
sponses. To predict water scarcity adaptation options by smallholder 
farmers, factors such as demographic variables, economic factors, 
community perception of climate change, effects of climate change on 
water availability, role of social networks, the effects of limited infra
structural development, role of agricultural extension services, and 
public mass media were considered.

Data were collected through the socioeconomic survey (N = 1946) 
was analyzed using the Stata software Version 15. The multivariate 
probit (MVP) model was employed to explore factors that influence 
smallholder farmers' decisions to adopt various strategies to minimize 
the impacts of water scarcity on agricultural production and other so
cioeconomic activities. The MVP model has been utilized by different 
studies to explore factors influencing the local communities to choose 
various adaptation options (Yu et al., 2025; Gemeda et al., 2023; Ojo 
et al., 2021).

The MVP measures multiple and correlated binary outcomes simul
taneously (Delporte et al., 2025; Ntsoane et al., 2025; Shah and Sharifi, 
2025). Empirically, the choice of adaptation strategies using the MVP 
model can be modelled as follows. Let Y*ik represent the benefits to the 
household that adopts different strategies like rainwater harvesting (Y1), 
water rule (Y2), protecting watershed (Y3), public capacity building (Y4) 
and improving infrastructure (Y5). The household decides to adopt the 
kth adaptation strategies if the benefits are deemed to be higher. The net 
benefit (Y* ik) that the household gets from choosing adaptation stra
tegies is a latent variable determined by observed explanatory variables 
(Xi) and the error term εi).

Y*ik =Xiβk + βi (k=Y1,Y2,Y3,Y4,Y5) (Equation 2) 

The unobserved preference in equation (2) translates into the 
observed binary outcome equation for each adoption as follows: 

Yik =

{
1 if Xi + βi > 0

0 otherwise (k=Y1,Y2,Y3,Y4,Y5) (Equation 3) 

Xi is a matrix of explanatory variable, βk is a vector of coefficients,

Table 2 
Description of dependent and explanatory variables.

Dependent 
variables

Mean SD Descriptions

Rainwater 
harvesting

0.38 0.48 Categorical (No = 0, Yes = 1)

Water rule 0.37 0.48 Categorical (No = 0, Yes = 1)
Protecting the 

watershed,
0.33 0.46 Categorical (No = 0, Yes = 1)

Public capacity 
building

0.36 0.48 Categorical (No = 0, Yes = 1)

Improving 
infrastructure

0.39 0.48 Categorical (No = 0, Yes = 1)

Explanatory variables
Sex 0.72 0.45 Categorical (Female = 0, Male = 1)
Age of the 

household heads
40.99 13.09 Continuous

Marital status, 1.34 0.88 Categorical (Married = 1, Single = 2, 
Divorced = 3, Widowed = 4)

Family size 1.91 0.64 Categorical (1-3 = 1, 4-6 = 2, greater than 
7 = 3)

Education 0.59 0.49 Categorical (Otherwise = 0, literate = 1)
Income 1.29 0.88 Categorical (Agriculture = 1, Handcraft =

2, Daily labor = 3, Employed = 4, Rent =
5, Remittance = 6, otherwise = 7)

Access to water 
resources

0.75 0.44 Categorical (No = 0, Yes = 1)

Social networks 0.54 0.49 Categorical (No = 0, Yes = 1)
Limited 

infrastructures
0.78 0.41 Categorical (No = 0, Yes = 1)

Extension services 0.43 0.49 Categorical (No = 0, Yes = 1)
Public media 0.64 0.48 Categorical (No = 0, Yes = 1)

where Yi represents a vector of dependent variables (adaptation choice to water scarcity)

εi is a random error term, n is number of observation with zero means and unitary variance 
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The MVP is an econometric technique used to simultaneously predict 
multiple binary (0/1) outcome variables, accurately reflecting real- 
world decision-making processes by accounting for potential correla
tions among these outcomes (Cappellari and Jenkins, 2003; Chib and 
Greenberg, 1998). In situations where decisions are interdependent, it 
increases predictive power by modelling the relationships between 
dependent variables (Manda et al., 2023).

The MVP is widely used in multiple strategy or policy research, such 
as agriculture (Li & Zhang, 2023; Kassie et al., 2022; Hassen et al., 
2021), health and sociology (Wang and Zhang, 2024), and environ
mental (Nguyen and Tran, 2023) research, where multiple strategy or 
policy choices are involved (Manda et al., 2023). The model goes beyond 
classical single-variable probit analysis by revealing the joint effect of 
both observed and unobserved factors on multiple outcomes. As 
simulation-based estimation methods are used, the model generates 
robust statistical results while also providing more realistic data in
terpretations for policymakers and researchers.

3. Results and discussions

3.1. Socio-demographic characteristics

The total sampled population was 9056, with an average family size 
of 4.65. Among the total 9056 population, children under 15 years are 
2754 (30.41%), while adults aged 15 to 64 comprise 5966 (65.88%), 
and the older people, aged 65 and above, are 336 (3.71%). More than 
85% of the household heads are married. The high proportion of married 
households suggests that extended family structures are dominant and 
that may influence collective decision-making processes in water use 
and adaptation strategies.

The economically active population, which includes both children 
and older people, accounts for about 34.12%. The male-headed house
holds account for about 72%, while those headed by females make up 
28%. The fact that the vast majority of households are headed by men 
indicates that a gender-based structure is still prominent in decision- 
making processes. This reveals that men play a decisive role in access
ing water resources and adopting adaptation strategies, consistent with 
previous studies in Ethiopia and other parts of Sub-Saharan Africa (Van 

and Holvoet, 2016; Eaton et al., 2021; Assefa and Gebrehiwot, 2023; 
Fonjong and Zama, 2023).

Concerning household size, about 58% of a family have four to six 
children, while 16.5% have more than seven family members. A large 
family size is more exposed to water stress than small family size. Ac
cording to Seaman et al. (2014), large households typically have higher 
water demands, which put more strain on already scarce water supplies. 
More than half of the household heads are literate. Majority of the 
literate household heads completed primary school. Specifically, 767 
household head completed primary school, 366 completed high school, 
and only 6 household heads attained tertiary education. Level of edu
cation can influence people's attitudes towards climate change (Köse 
et al., 2025; Hoekstra et al., 2024). The predominance of primary edu
cation and the small percentage of higher education achievers suggest 
limited access to advanced information and technical knowledge, 
despite the seemingly high literacy rates. Higher levels of education 
improve farmers' capacity to identify climate risks and implement 
practical adaptation measures, according to earlier research (Hassan and 
Knigh, 2023). In this situation, households' ability to adapt and their use 
of information-intensive adaptation options may be limited by low ed
ucation levels. Like other parts of Ethiopia, most of the household heads 
are dependent on agriculture (87.3%), which is vulnerable to climate 
change (Table 3).

3.2. Impact of climate change on water resource

Results show that the farming communities perceived the effects of 
climate change on water resources. About 1141 household heads 
(58.6%) understand climate change impacts on water resources over the 
past decades. Those household heads who had already been exposed to 
yield loss tend to have more knowledge of the effects of climate change 
on their economy and well-being. The farming communities can easily 
understand climate change and its associated impacts based on their 
experiences (Chowdhury et al., 2025; Ricart et al., 2025; Sheikh et al., 
2024). The household heads have noted the occurrences of climate ex
tremes such as excess rainfall, shortage of rainfall, drought occurrence 
and warmer temperatures (Table 4).

The strong dependence on subsistence rainfed agriculture further 
amplifies exposure to climate variability and extreme events. High 
agricultural dependence, combined with limited income diversification, 
reduces households’ resilience to economic and climatic shocks, a 
pattern widely observed in rural Ethiopia (Zeleke et al., 2021; Tofu et al., 
2022; Maru et al., 2021). Limited reliance on remittances and non-farm 
income sources suggests that migration plays only a marginal role in 
buffering climate risks, thereby reinforcing structural vulnerability. 
Overall, these socio-economic conditions collectively increase suscep
tibility to water scarcity and climate-related stress, corroborating find
ings reported by Bizelk and Tadesse (2023).

Climate change is evident in many regions, and various entities such 
as government agencies, non-governmental organizations, educational 
institutions, agricultural extension services, and different media outlets, 
including newspapers, radio, and television, along with capacity build
ing and training initiatives, serve as a main source of information 
(Table 5). Local mass media (63.6%), agricultural extension services 
(42.5%), and government agencies (33%) are the top three channels to 
disseminate climate change and water resources-related information.

Table 3 
Socio-demographic characteristics of respondents (N = 1946).

Respondent characteristics

All measures Frequency Percentage

Sex Male 1402 72
Female 544 28
Total 1946 100

Marital status Married 1667 85.7
Single 69 3.5
Divorced 44 2.3
Widowed 166 8.5
Total 1946 100

Household family size 1-3 498 25.6
4-6 1127 57.9
>7 321 16.5

Religion Protestant 1186 60.9
Orthodox 488 25.1
Muslim 161 8.3
Catholic 98 5
Wakefata 13 0.7
Total 1946 100

Education status of the household 
members

Literate 1139 58.5
Otherwise 807 41.5

Main source of household income Agriculture 1699 87.3
Daily 
laborer

142 7.3

Handcrafts 63 3.2
Remittance 22 1.1
Others 9 0.5
Total 1946 100

Table 4 
Key indicators of climate change (N = 1946).

Indicators Frequency Percent

Heavy rainfall 367 18.85
Rainfall shortage 327 16.80
Drought occurrence 245 12.58
High temperature 202 10.38
Total 1141 58.6
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About 1029 (52.9%) of the household heads reported that climate 
change is affecting water availability, which can influence agricultural 
production and community livelihoods and well-being. About 976 
(50.2%) of the respondents reported that there is a substantial decline in 
rivers and streams during dry seasons. Declining surface-water avail
ability, including reduced streamflow during dry periods, is widely 
recognized as a key climate-related threat in drought-prone farming 
systems (Nimma et al., 2025; Chan et al., 2021; Arsiso et al., 2017; 
Alauddin and Sarker, 2014). Almost half of the household heads, 970, 
comprising 49.8%, reported lower water levels. Low water levels 
contribute to water scarcity, particularly for irrigation during dry sea
sons. Increasing frequency of water shortage (42.3%) and changes in 
rainy seasons (39.4%) were other key threats. Water availability and 
food security are directly interrelated (Liu et al., 2025; Ringler et al., 
2022; Vallino et al., 2020).

3.3. Adaptation strategies to minimize water scarcity

The radar chart below visually summarises the regression co
efficients of explanatory variables affecting five adaptation options to 
water scarcity (Fig. 2). The variables (extension services), social 

networks, and media (media) have high effects across all strategies; this 
indicates that social awareness and information dissemination signifi
cantly encourage water adaptation behaviours (Oumer et al., 2025). 
Overall, the graph visually reflects a complex decision-making process in 
which both individual and structural factors influence the adoption of 
water adaptation strategies.

The variable sex significantly influences the use of different capacity 
building activities [Coefficient = −0.134 and p = 0.069]. The variable 
age significantly influences the use of water rules [Coefficient = −0.005 
and p = 0.058], watershed protection [Coefficient = 0.008 and p =
0.003] and infrastructural improvement [Coefficient = −0.007 and p =
0.008]. Among the demographic variables, marital status showed a 
statistically positive influence at 1% significance level on the use of 
water rule, protecting the watershed, public capacity building, and 
improving infrastructures (Table 6). Among all explanatory variables, 
family size does not influence the adoption of different adaptation 
choices to reduce the potential impacts of water scarcity.

The importance of social capital, institutional support, and infor
mation access is emphasized in the discussion of adaptation strategies. 
Due to their wide reach and affordability, mass media emerge as a 
crucial tool for increasing awareness, and perceptions of climate risk are 
further shaped by individual experiences and a variety of information 
sources (Zhang et al., 2025; Perga et al., 2023; Rosenthal, 2022). 
Consistent with previous research highlighting the role of social capital 
in climate adaptation, the positive impact of social networks across the 
majority of adaptation strategies highlights the significance of commu
nity cohesion and collective action in managing water scarcity (Navarro 
et al., 2017; Carmen et al., 2022; Li and West, 2024). Understanding 
adaptive capacity of the smallholder farmers to water scarcity challenge 
is essential for sustainable water management and agricultural pro
ductivity (Nega et al., 2025; Touch et al., 2024).

Conversely, the negative effect of water access on rainwater har
vesting adoption suggests a substitution effect, whereby households 
with relatively secure water access are less inclined to invest in alter
native water management practices. Institutional constraints and edu
cation show strategy-specific effects, indicating that a complex 
interaction between household characteristics and enabling environ
ments shapes adaptation decisions. Gender- and age-related differences 

Table 5 
Household sources of information about climate change and water resources.

Where do you typically obtain 
information about climate change 
and water resources?

Household 
Response

Frequency Percentage

Government agencies responsible for 
environmental protection

Yes 642 33
No 1304 67

NGOs working on climate change and 
environmental advocacy

Yes 570 29.3
No 1376 70.7

Educational institutions Yes 599 30.8
No 1347 70.7

Extension services Yes 828 42.5
No 1118 57.5

Local media outlets: newspapers, 
radio stations, and television

Yes 1238 63.6
No 708 36.4

Training programs and capacity- 
building initiatives

Yes 742 38.1
No 1204 61.9

Fig. 2. Radar chart of coefficients across five strategies.
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further suggest that adaptation preferences vary across demographic 
groups, supporting earlier evidence that adaptation behavior is not 
uniform within rural communities (Belay et al., 2022; Deressa et al., 
2009). Finally, the negative influence of income on 
infrastructure-intensive strategies highlights financial barriers faced by 
low-income households, limiting their ability to invest in long-term and 
capital-intensive adaptation measures (Saha et al., 2019).

The adoption of water scarcity adaptation strategies is heavily 
influenced by social networks, extension services, and the media, 
underscoring the significance of community-based interventions. The 
creation and development of regional water user organizations, water
shed committees, and farmer cooperatives that promote group decision- 
making and information exchange should be given top priority by pol
icymakers. These community-driven strategies can strengthen social 
cohesiveness and encourage the spread of low-cost adaptation tech
niques like rainwater collection and locally enforced water-use regula
tions. Institutional support and information access suggest that water 
scarcity adaptation strategies should be better integrated into national 
climate and water policies, including Ethiopia's Climate-Resilient Green 
Economy (CRGE) strategy and national adaptation planning frame
works. Institutional and policy approaches aimed at minimizing water 
loss and enhancing the efficiency of water development initiatives are 
essential (Tefera et al., 2023). Aligning household-level adaptation ini
tiatives with existing national policies can improve coordination among 
government agencies, extension services, and non-governmental orga
nizations, ensuring that local adaptation efforts are supported by 
broader institutional mechanisms.

Water security is increasingly recognized as a multidimensional 
concept that involves complex economic, social, and environmental 
trade-offs, thereby requiring adaptive and integrative management ap
proaches under conditions of climate change (Pahl-Wostl et al., 2013). 
Evidence from rural smallholder settings also shows that farmers’ per
ceptions of climate risk and their adaptation responses are strongly 
shaped by socio-economic and institutional conditions, underscoring the 
need for policy and programming that prioritize awareness, capacity 
building, and locally appropriate support mechanisms (Gandure et al., 
2013). Similarly, research from Odisha (India) highlights that rising 
temperatures, erratic rainfall, and extreme events can undermine agri
cultural productivity and food security and translate into direct liveli
hood pressures for rural households, reinforcing the need for targeted, 
climate-resilient interventions (Rout and Sharma, 2024).

Consistent with basin-scale evidence from northern India, where 

precipitation projections remain highly uncertain and natural variability 
can dominate the climate-change signal, resilience-focused adaptation 
and coherent planning at catchment/river-basin scales are recom
mended to reduce vulnerability under both anticipated and unantici
pated conditions (Moors et al., 2011). Prioritizing investments in 
capacity-building initiatives, agricultural extension services, and 
affordable water infrastructure, such as protected wells, rainwater har
vesting systems, and small-scale reservoirs, can reduce adoption barriers 
for low-income households. By focusing on scalable, cost-effective, and 
community-oriented solutions, policymakers can strengthen small
holder farmers’ adaptive capacity while advancing long-term sustain
ability goals for water security, climate resilience, and rural livelihoods 
in Ethiopia.

4. Conclusions

This study explores factors influencing smallholder farmers to adopt 
various adaptation strategies to overcome water scarcity in the presence 
of climate change. Results show that rainwater harvesting, water rule, 
protecting the watershed, public capacity building, and improving 
infrastructure are key adaptation to water scarcity. This study provides a 
comprehensive framework encompassing both socioeconomic and 
institutional factors, demonstrating how households simultaneously 
adopt multiple strategies. A decline in water resources due to over
exploitation under rapid population growth expected to be severe 
challenge for rural communities, which typically possess limited adap
tive capacity and resource constraints.

More than half of the respondents perceived the effects of climate 
change on water resources. Household heads exposed to climate change 
impacts tend to be more willing to adopt various strategies, while those 
who are less exposed were reluctant to adopt adaptation measures. The 
local communities can easily understand climate change and its asso
ciated impacts based on their experiences. Access to water resources 
shows a strong negative effect on the adoption of the rainwater har
vesting strategy. The social networks variable has a positive effect in 
almost all strategies, which indicates that social bonding and solidarity 
within the community play a major role in managing water scarcity. This 
study will support decision makers in investing in adaptation strategies 
for water scarcity by enhancing public capacity building and upgrading 
water infrastructure development.

This study demonstrates that effective adaptation to water scarcity 
among smallholder farmers emerges from the interaction of climatic 

Table 6 
Multivariate probit model output and determinants of water scarcity adaptation strategies.

Explanatory variables Water scarcity adaptation strategies

Rainwater Harvesting Water rule Protect watershed Public capacity building Improve Infrastructure

Coef. (Std.Err) p-value Coef. (Std.Err) p-value Coef. (Std.Err) p-value Coef. (Std.Err) p-value Coef. (Std.Err) p-value

Sex −0.106 [0.067] 0.115ns 0.034 [0.070] 0.630ns 0.006 [0.071] 0.932ns −0.134 [0.069] 0.054** −0.212 [0.067] 0.002*
Age −0.001 [0.003] 0.655ns −0.005 [0.003] 0.058*** 0.008 [0.003] 0.003* −0.003 [0.003] 0.323ns −0.007 [0.003] 0.008*
MarStatus −0.050 [0.037] 0.173ns 0.102 [0.037] 0.006* 0.105 [0.037] 0.004* 0.136 [0.036] 0.000* 0.106 [0.035] 0.003*
FamSize 0.078 [0.048] 0.107ns 0.056 [0.051] 0.268ns −0.029 [0.051] 0.569ns 0.045 [0.050] 0.367ns 0.063 [0.049] 0.196ns

Education 0.089 [0.069] 0.192ns −0.031 [0.071] 0.661ns 0.125 [0.072] 0.081* 0.075 [0.070] 0.284ns 0.093 [0.068] 0.173ns

Income 0.009 [0.021] 0.668ns 0.011 [0.022] 0.623ns −0.063 [0.023] 0.006* −0.060 [0.022] 0.006* −0.046 [0.021] 0.027*
Accesswater −0.581[0.070] 0.000* −0.122 [0.077] 0.115ns −0.105 [0.079] 0.184ns 0.007 [0.079] 0.928ns 0.055 [0.077] 0.473ns

Socialnetwork 0.231 [0.067] 0.001* 0.356 [0.070] 0.000* 0.391 [0.068] 0.000* 0.300 [0.067] 0.000* 0.151 [0.066] 0.021*
LimitInstitute 0.256 [0.083] 0.002* −0.030 [0.083] 0.719ns 0.436 [0.090] 0.000* 0.278 [0.082] 0.001* 0.240 [0.079] 0.002*
Extenservice −0.489 [0.067] 0.000* 0.968 [0.065] 0.000* 0.304 [0.066] 0.000* 0.623 [0.064] 0.000* 0.764 [0.062] 0.000*
Medias 0.327 [0.067] 0.000* 0.361 [0.069] 0.000* 0.560 [0.072] 0.000* 0.488 [0.068] 0.000* 0.480 [0.066] 0.000*
_cons −0.283 [0.172] 0.100 −1.167 [0.184] 0.000 −1.854 [0.191] 0.000 −1.373 [0.185] 0.000 −1.056 [0.178] 0.000

Values outside the brackets were the Coefficient, and values inside the brackets were the Standard Error.
1%, 5%, and 10% significance level is indicated by *, **, ***, respectively.
Likelihood ratio test of rho21 = rho31 = rho41 = rho51 = rho32 = rho42 = rho52 = rho43 = rho53 = rho54 = 0: chi2 (10) = 1018.73.
Prob > chi2 = 0.0000.
Multivariate probit (SML, draws = 5) Number of orbs = 1946.
Log likelihood = −5040.4357 Wald ch2 (55) = 1021.29.

Prob > chi2 = 0.
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exposure, social capital, and institutional support rather than from water 
availability alone. The findings highlight that investments in extension 
services, public capacity building, information dissemination, water 
recycling, and fostering cross-sectoral cooperation are essential to 
minimize the impacts of water scarcity. Moreover, an integrated and 
people-centered decision-making framework that provides affordable 
water infrastructure can reduce vulnerability among resource- 
constrained rural households, enhance collective resilience to climate 
extremes, and support the development of sustainable and scalable 
water governance strategies in the face of ongoing climate change and 
population pressures.

CRediT authorship contribution statement

Dessalegn Obsi Gemeda: Writing – review & editing, Writing – 
original draft, Visualization, Validation, Supervision, Software, Re
sources, Project administration, Methodology, Investigation, Funding 
acquisition, Formal analysis, Data curation, Conceptualization. Tadesse 
Mosissa Ejeta: Writing – review & editing, Validation, Methodology, 
Investigation, Formal analysis, Conceptualization. Gamachu Biftu 
Jabana: Writing – review & editing, Validation, Methodology, Investi
gation, Formal analysis, Conceptualization. Zera Kedir Alo: Writing – 
review & editing, Validation, Methodology, Investigation, Formal 
analysis, Conceptualization. Yadeta Bekele: Writing – review & editing, 
Visualization, Validation, Software, Methodology, Investigation, Formal 
analysis, Data curation, Conceptualization. Marta Hailemariam 
Mamo: Writing – review & editing, Validation, Methodology, Investi
gation, Formal analysis, Conceptualization. Diribe Makonene Kumsa: 
Writing – review & editing, Validation, Methodology, Investigation, 
Formal analysis, Conceptualization. Lidiya Dereje Mekonen: Writing – 
review & editing, Validation, Methodology, Investigation, Formal 
analysis, Conceptualization. Getachew Abeshu Disassa: Writing – re
view & editing, Validation, Methodology, Investigation, Formal anal
ysis, Conceptualization. Gadise Edilu Tufa: Writing – review & editing, 
Validation, Methodology, Investigation, Formal analysis. Fedhasa 
Benti Chalchissa: Writing – review & editing, Validation, Methodology, 
Investigation, Formal analysis, Conceptualization. Gudetu Wakgari 
Bortola: Writing – review & editing, Validation, Methodology, Investi
gation, Formal analysis, Conceptualization. Jale Amanuel Dufera: 
Writing – review & editing, Validation, Methodology, Investigation, 
Formal analysis, Conceptualization. Soreti Fufa Eticha: Writing – re
view & editing, Validation, Methodology, Investigation, Formal anal
ysis, Conceptualization. Indale Niguse Dejene: Writing – review & 
editing, Validation, Methodology, Investigation, Formal analysis, 
Conceptualization. Tadelu Girma: Writing – review & editing, Valida
tion, Methodology, Investigation, Formal analysis, Conceptualization. 
Meseret Wagari: Writing – review & editing, Validation, Methodology, 
Investigation, Formal analysis, Conceptualization. Ayantu Habtamu 
Nemera: Writing – review & editing, Validation, Methodology, Inves
tigation, Formal analysis, Conceptualization. Habtamu Tamiru: 
Writing – review & editing, Validation, Methodology, Investigation, 
Formal analysis, Conceptualization. Dereje Hinew Dehu: Writing – 
review & editing, Validation, Methodology, Investigation, Formal 
analysis, Conceptualization. Hana Desalegne Geleta: Writing – review 
& editing, Validation, Methodology, Investigation, Formal analysis, 
Conceptualization. Wakjira Takala Dibaba: Writing – review & editing, 
Validation, Methodology, Investigation, Formal analysis, Conceptuali
zation. Mehmet Ali Çelik: Writing – review & editing, Validation, 
Methodology, Investigation, Formal analysis, Conceptualization. Mela
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