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Abstract Climate change is expected to have seri-
ous socioeconomic impacts on smallholder agri-
culture, but overall impacts will also depend on the
extent of household adaptation to climate change.
This study investigates household-level factors that
may help describe and explain perceptions about
climate change and examine how these perceptions
influence choices related to specific land-use adop-
tion strategies. Logistic regressions were applied to
address these objectives. Cross-sectional survey data
were derived from 315 randomly selected smallholder
mixed farmers in Ethiopia. The results indicate that
a significant number of farmers believe that temper-
atures have increased over the last 10-20 years and
that precipitation has declined. Education, agroeco-
logical settings, and social capital significantly influ-
enced perceptions of increased temperature. Gender,
distance, access to climate change information, and
social capital significantly influenced perceptions of
reduced rainfall. The odds of decisions to adopt spe-
cific land-use adaptation measures to climate change
are significantly influenced by perceived changes in
rainfall and temperature but also by social, human,
and natural capital access. Adoption is also linked to
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gender, distance to markets, access to climate change
information, and farm location. Thus, rural interven-
tions aimed at addressing more general agricultural
adaptation to climate change should account for these
factors.
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Introduction

How smallholder farmers respond to climate vari-
ability and change-related events has become an area
of great concern (Yiridomoh et al., 2021). Climate
change affects agriculture mainly through changes in
temperatures and rainfall during planting, growing
or harvesting seasons (Mahato, 2014) and through
changes in pests and diseases (Jacobs et al., 2019).
Among African countries, Ethiopia is one of the
most at risk from climate change impacts on agri-
cultural productivity and food security (Mekonnen
et al., 2021). Smallholder agriculture in Ethiopia con-
tributes largely to the economy (Eshete et al., 2020).
Nevertheless, smallholder farmers face impoverish-
ment, malnutrition, and even forced migration due to
severe climatic risks (Mati & Merrey, 2021).

The changes in temperature and precipitation
have a direct impact on the quantity and quality of
crop yield, feed, and surface and groundwater for
humans and livestock (Gezie, 2019; Lemi & Hailu,
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2019). Subsequent drought caused by too little rain-
fall, floods caused by too much seasonal rainfall,
deep-rooted economic and livelihood reliance on
smallholder agriculture with traditional farming tech-
niques and very low productivity, and soil degrada-
tion caused by overgrazing and deforestation com-
bined with poor complementary institutional services
(extension, credit, marketing, infrastructure) have
already impaired the capacity of smallholder farmers
to adapt to climate change (Deressa et al, 2011).

A better understanding of how, why and under
what conditions farmers perceive and adapt to cli-
mate change is thus needed to craft future adaptation
policies. Therefore, this research aims to investigate
household-level factors that may explain perceptions
about climate change, examine how perceptions of
climate change influence choices related to land-use
adaptations, and examine those household-level fac-
tors that may explain specific land-use adaptation
strategies. We hope that this information will con-
tribute to a policy that can give explicit attention to
climate-smart crops and livestock, natural resource
management, and ecosystem services in the 10-year
perspective plan in the country.

Literature review

A review of the literature indicates that Ethiopia has
experienced droughts (including famine in some
years) for hundreds of years, including 1888-92,
1899-1900, 1920-22, 1933-34, 1973-74, 1983-84,
1987-88, 1990-91, and 1993-94 (e.g., Adem et al.,
2016). A previous study reported that droughts in
Ethiopia can shrink household farm production by
up to 90% compared to a normal year (Tazeze et al,
2012). Bogale and Temesgen (2021) demonstrated
that the 1984/85 drought reduced Ethiopia’s agri-
cultural production by 21%, which led to a 9.7%
decrease in GDP. General circulation models (GCMs)
for Ethiopia further forecast that temperatures will
increase by 0.9—1.1 °C by 2030, 1.7-2.1 °C by 2050,
and 2.7-3.4 °C by 2080 compared to the 1961-1990
mean annual temperature (Zegeye, 2018).

However, forecasts for rainfall show a mix of
increasing and decreasing trends with high intra-
annual variability over the country (Asfaw et al.,
2018). Additionally, a study confirms that rainfall
variability in the growing season and its onset, offset,
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and duration have multiple impacts on the Ethiopian
economy in general and on smallholder agricul-
ture in particular (Matewos & Tefera, 2020). Fig-
ure 1 (above) derived from 25 (1991-2016) years
of rainfall data in the study districts confirms a mix
of increasing and decreasing rainfall trends, during
which farmers might have experienced difficulties
with establishing plans for crop and livestock pro-
duction. Climatic extremes and enormous variability
between years, seasons, months, and rainy days are
concerning in Ethiopia, necessitating adaptations to
guide future adaptation strategies to guarantee future
rural livelihood outcomes (increased food security,
improved wellbeing, reduced poverty and vulnerabil-
ity, increased income and sustained natural resource
bases) (Deressa et al., 2011; Esham & Garforth,
2013).

The impacts of climate change will not be equally
distributed among people; they are likely to vary
depending on the ability of the system to adjust to
climate changes by moderating potential damages,
exploiting related opportunities or coping with the
consequences (Kurukulasuriya & Rosenthal, 2003).
Thus, knowledge of perceived adaptation methods
and socioeconomic and environmental factors may
assist in developing policies that can strengthen adap-
tation via investment in these factors (Deressa et al.,
2009). Ecological security, livelihoods, and the long-
term viability of rural development all depend on the
success of agricultural livelihood/adaptive strategies,
which may be primarily influenced by livelihood
assets/capital along with other factors (Chen et al.,
2018).

Adaptation can be undertaken by an individual for
their own benefit, or it can be composed of actions
by governments and public bodies to protect their
citizens (Adger et al., 2005; Agrawal, 2008; Warner,
2007). Similar to the IPCC (2001), we define adap-
tation to climate change as an adjustment in a sys-
tem (ecological, social, or economic) in response to
observed or expected changes in climatic stimuli and
their effects and impacts to alleviate adverse impacts
of change or exploit new opportunities induced by
climate change.

Adaptation patterns are quite varied, and in our
analysis, they are mediated by climate change per-
ceptions on the one hand and on the other hand by a
combination of household capital assets, institutions
and agroecology-related variables, which collectively
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Fig.1 Seasonal rainfall trends over the past 25 years (1991-2016) in the study area, Sidama, Ethiopia (Meteorological Agency of

Ethiopia, 2019)

determine different sets of optimal adaptations for dif-
ferent groups of households (Deressa et al., 2011).
Micro -level adaptation options encompass on-farm
micro-level adaptations (irrigation, crops, and live-
stock intensification), income-related responses
(insurance and credit schemes, income diversifi-
cation, nonfarm migration), institutional changes
(prices, subsidies, agricultural support, and trade),
and technological innovations (crop and livestock
varieties, water and soil management, improved ani-
mal health) (Kurukulasuriya & Rosenthal, 2003; Smit
& Skinner, 2002).

Human cognitive factors such as the perception
of risk and uncertainty influence adaptation behav-
iour (Grothmann & Patt, 2005). A previous study
supports that the concept of “perception” is central
to understanding and reacting to risks related to cli-
mate change, as well as to capturing how we interpret

reality and experience to discern and inform our reac-
tion to form, behaviour, and action (Friedman et al.,
2015). Farmers’ perceptions of climate change are of
great concern because farmers who perceive potential
consequences from climate change are more likely
to support policies and programs that aim to address
problems related to climate change (Niles et al.,
2013). Maddison (2007) argues that adaptation to cli-
mate change first requires farmers to notice that the
climate has changed and then identify and implement
potential adaptation strategies. Nevertheless, percep-
tions alone are not sufficient for adaptation to occur
since farmers who have perceived the change in cli-
mate may not adapt (Maddison, 2007; Mertz et al.,
2009).

The majority of the population in both devel-
oping and developed world has perceived climate
change (Deressa et al., 2011); however, perceptions or
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awareness of climate change are influenced by differ-
ent contextual socioeconomic, institutional and envi-
ronmental factors (Maddison, 2007; Semenza et al.,
2008). Deressa et al. (2011), for instance, indicated
that in Ethiopia, age, wealth, access to information,
and social capital are likely to influence perceptions
of climate change. Gbetibouo (2009) found that in
South Africa, fertile soil, access to irrigation, and
location in wetter areas negatively influenced percep-
tions of climate change. However, the author found a
positive association between farmers’ perceptions and
education and larger farm size. Semenza et al. (2008)
also reported that higher incomes are more likely to
influence farmers’ perceptions of climate change.
Diggs (1991) indicated that households in dry land
are more likely to describe climate change.

Few studies in Ethiopia have attempted to inves-
tigate the empirical association between perceptions
of and adaptation to climate change. However, most
of these studies were undertaken at regional levels
(Kurukulasuriya & Mendelsohn, 2008; Maddison,
2006, 2007); were confined to the Nile basin and
mainly relied on data collected during 2004/2005
(Addisu et al., 2016; Asrat & Simane, 2018; Deressa
et al., 2011; Tilahun & Bedemo, 2014); or applied
qualitative methods (Hameso, 2018) to link percep-
tions to adaptation to climate change. Although these
studies are informative, their results are intentionally
broad so that they can be empirically associated with
perceptions regarding and the likelihood of adapta-
tions made at the specific farm level. These studies
focused on aggregated adaptation strategies; however,
factors influencing the adoption of adaptive measures
may vary depending on the specific adaptation meas-
ures suggested. Moreover, studies using the sustain-
able livelihood approach (SLA) to understand factors
influencing the likelihood of the decision to adopt an
adaptive measure are scarce.

Materials and methods

Conceptual framework: a sustainable livelihood
approach (SLA)

This study used a modified version of the SLA as its
analytical tool. This approach can take perceptions
of climate change into account as a prerequisite for
climate change adaptation on the one hand and can
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consider factors affecting the livelihoods of poor
smallholder farmers on the other hand (DFID, 1999).
The most important assumption with SLA is that a
sustainable livelihood can cope/adapt and is able to
recover from stress and shocks, thereby maintain-
ing or enhancing its capabilities and assets without
undermining the natural resource base (Chambers &
Conway, 1992; De Kock, 2015).

The first assumption in this further modified ver-
sion of SLA is that farmers’ perceptions of climate
change are influenced by a combination of the five
livelihood capital assets, institutional factors such as
access to climate change-related information, agro-
ecological settings and other control variables. The
second assumption is that the probability of choosing
a farm-level specific adaptive strategy is influenced
by a combination of these factors, including percep-
tions of changes in temperature and rainfall.

Another important assumption in this concept is
that farmers choose a given strategy at a point in time
only by assuming maximum livelihood outcomes
defined as increased income, improved wellbeing,
food security, resilience to shocks and improved sus-
tainable natural resources. These livelihood outcomes
may be used to smooth household consumption, solve
liquidity problems, and accumulate wealth for future
investment, which may be used to invest in alternative
adaptive/livelihood strategies (see Fig. 2).

The third assumption is that exogenous factors,
including the vulnerability context, climatic stressors
and their adverse impact on wellbeing, crops, live-
stock, water, and other livelihood resources, affect the
speed of climate change perceptions and the rate of
adopting adaptive/livelihood strategies. Damage to
or the erosion of livelihood assets may occur if they
are sold to address various household-level socioec-
onomic scenarios induced by interplay among these
factors (see Fig. 2).

The study was conducted in Sidama Regional
State located 275 km southwest of Ethiopia. Rain-
fed smallholder agriculture forms the main source
of farm household outcomes and is crucial for the
regional economy (Hameso, 2015). Vulnerability and
poverty at household and regional levels have deep-
ened in response to land fragmentation and degrada-
tion exacerbated by a high population density (690/
km sq.) that is six times higher than the national
population density (115 person/km sq.); a warming
climate; and increasing weather extremes, including
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Fig. 2 The modified version of the sustainable livelihood framework (SLA). Source: Adapted from IISD (2003) and DFID (1999,

2001)

frequent water stress, droughts and floods, and unpre-
dictable rains heralded by climate variability and
change (Eakin et al., 2014). To continue food produc-
tion in this region, therefore, farmers would have to
take perceived adaptive measures to reduce their vul-
nerability to climate change.

MAP OF THE STUDY AREA

This study purposively selected two highly
vulnerable districts (Lokka Abaya and Hawassa)
among 19 districts in the region (Fig. 3). Abaya
Zuria and Jere Henesa kebeles (the smallest admin-
istrative unit) were randomly selected from the
respective districts.

Fig. 3 Map of the study areas
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-

ABAYA ZURIYA PA

1cm =3 km

Projected Coordinate System:
Adindan_UTM_Zone_37N
Projection:
Transverse_Mercator
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Their vulnerabilities can be attributed to differ-
ences in elevation, agro-ecological settings, popu-
lation density, access to markets and grazing land,
and potential livelihood implications (see Table 1).
The areas also have similarities in terms of livestock-
driven livelihood strategies and their susceptibility
to climate-related challenges. Moreover, these areas
were recently declared to be drought disaster areas.
Table 1 presents a summary of details on the study
locations.

Data

A preliminary survey and several focus group dis-
cussions (FGDs) conducted before the actual survey
helped the researchers understand the study areas
and obtain information on what farmers knew about
climate change, its related hazards, vulnerable local
groups, and the existing adaptation strategies. This
information also helped restructure the survey ques-
tionnaires. The data were collected from 315 ran-
domly selected households. There were 1003 house-
holds in Abaya Zuria and 801 households in Jere
Henesa. Accordingly, to address the study objectives,
a larger sample size (175 out of 1003 households)
was drawn from Abaya Zuria, and a smaller sample
size (140 out of 801 households) was drawn from Jere
Henesa.

Model specification

To analyse the factors that influence the likelihood of
perceived change in climate (temperature and rainfall)
and the decision to adapt to perceived climate changes
in two of the study locations, a discrete choice model
is used. Data from both study locations were pooled,
and the dependent variables for perceived change in
climate and adaptation to perceived change in climate
were created. The dependent variables were dummy
variables equal to 1 if the farmer perceived decreas-
ing rainfall and increasing temperature and adopted
any of the adaptation options in response to perceived
changes in temperature or rainfall and O otherwise.

Analysis of this dependent variable requires a
binary response model. In this case, we have two
options, the logit and probit models. Logit and probit
models can be derived from an underlying latent vari-
able model (Moustaki, 2000).

V' =Ppy+xf+e, y=10">0)y=00"<0)

where y* is the unobserved, or latent, variable; x
denotes the set of explanatory variables, f is a vector
of parameters to be estimated; 1 is normally distrib-
uted disturbance term with 0 mean; a constant stand-
ard deviation of d e; is the error term; and 1 [y* > 0]
defines the binary outcome.

Table 1 Socio-economic and biophysical features of the study locations

Features The study locations
Abaya Zuriya Jere Henesa
Mean distance to regional capital (km) 126 26
Road condition Dry-season, bumpy All-weather, slightly bumpy
Access to inst. Services Poor Average
Staple foods crops Maize Maize, ensete
Dominant livelihood strategy Livestock keeping followed by farming Farming followed by livestock keeping
Altitude (a.s.]) 1500-1768 1700-1850
Rainfall pattern Bimodal Bimodal
Annual rainfall (mm) 833-1574 900-1400
Mean annual temperature “c) 26-29 23-27

Main agroecology
Soil type
Main water sources

Mean distance, common pastures (km) 1.7

Lowland, rugged
Loamy, average fertility
Lake Abaya and River Bilate

Dry midland, rolling plain
Eutric and hablic cambisol, poor
Lake Hawassa

7.2

Source: District Office of Agriculture and Rural Development, 2020
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Therefore, to avoid the problems associated with
the linear probability model, this study used the
logit model to determine the factors that influence
farmers’ perceived change in climatic factors (rain-
fall and temperature) and the likelihood of farmers’
decisions to adapt to perceived climate change. A
set of independent variables was used to draw par-
ticular conclusions about the ways in which per-
ceived adaptation could be promoted within the
given context (see Table 2).

The model variables

Results and discussion
Changes in temperature and rainfall
Our results in Table 3 revealed that 92% and 65%

of respondents perceived increasing temperature
and decreasing rainfall over the last one and two

Table 2 Description of the model variables

Dependent variables

Description

Expected sign

Perceived changes in rainfall

Perceived changes in temperature

Independent variables
Age

Gender

Family size
Cultivated land
Tropical livestock
Natural capital
Physical capital

Financial capital
Human capital
Social capital

Bonding social capital
Bridging social capital
Institutional trust
Social trust

Norms of reciprocity
Distance

Access to information
Land tenure

Location

Per capita income

Binary =1 if the respondent perceives decreasing rainfall trend in the past
10-20 years; 0 otherwise

Binary =1 if the respondent perceives increasing temperature trend in the past
10-20 years; 0 otherwise

Continuous, age of the respondents measured in years
Dummy =1 if male; 0 otherwise

livestock

0 otherwise

0 otherwise

0 otherwise

(+)
(£)

Continuous, number of persons living together in the last six months (+)
Continuous, measured in hectares (+)
Continuous, measured in tropical livestock units (+
Continuous, aggregated value (birr) of cultivated land and livestock (+)
Continuous, aggregated value (birr) of fixed and current assets except land and (+)
Continuous, savings minus debt (birr) or net savings (+)
Continuous, measured in schooling years (+)
Dummy =1 if there is access to family, friends, relatives and neighbourhood ties;  (+)
Dummy =1 if there is connectedness to a development agent (DA) and local (+)
administrative workers; 0 otherwise
Dummy =1 if have trust in local administration, Farmers’ Training Centre (FTC), (+)
and Farmer’s Field Day (FFD); 0 otherwise
Dummy =1 if have trust in people (neighbours, friends, relatives, model farmers); (+)
Dummy =1 if have membership in self-help groups (idir and equip) and com- (+)
munity development groups (watershed management, and forest development);
Continuous, measured in walking km to district main market (=)
Binary, with 1 indicating access and 0 indicating lack of access (+)
Dummied as 1 if own, 0 otherwise (+)
Binary =1 if Jere Henesa (wetter area), 0 otherwise (dry areas) (%)
Continuous, aggregated value (birr) of net income from different sources divided (+)

by household size

Source: Literature review and local context, 2020
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Table 3 Level of
perceptions of climate
change in Sidama, Ethiopia,
2020

Source: Survey data, 2020
** and *** respectively

Change category Study locations
Sample Abaya Zuria Jere Henesa X 2-test/P value
(N=315) (n=175) (n=140)
Increasing temperature 92 98 86 19.5%%%*
Decreasing temperature 7.0 2.0 12
Constant 1.0 0 2.0
Increasing precipitation 34 31 37 8.8%%*
Decreasing precipitation 64.5 69 60
Constant 1.5 0 3.0

represent significance levels
at 5% and 1%

decades, respectively. In contrast, 7% and 34% per-
ceived decreasing temperature and increasing rain-
fall, respectively, over this period. If we compare the
perceived level of climate change by study location,
a significantly larger share (98%) of farmers situated
in drier areas (Abaya Zuria) perceived increasing
temperature (98%) and perceived decreasing rainfall
(69%) (Table 3). Studies (Deressa et al., 2009; Diggs,
1991) confirm that farmers living in drier areas are
more likely to describe climate change as warmer and
drier compared to wetter areas due to more exposure
to climatic risks.

According to focus group discussants, the out-
comes of climate changes impacts include the fol-
lowing: changing planting and harvesting times;
increasing crop loss induced by late/early onset/off-
set of rainfall or too much or too little rainfall dur-
ing critical times; increasing livestock/crop/human
disease; drying surface water (river and springs) and
underground water sources; intensely decreasing
land/livestock/labour productivity; intensifying vul-
nerability and poverty; decreasing access to grazing
resources; increasing school dropout rates induced by
hunger, frequent soil erosion; and recurrent and sub-
sequent flooding and drought followed by damaged
livelihoods.

Determinants of perceptions of change in temperature
and rainfall

The main goal of this section is to investigate the
determinants of perceived change in rainfall and
perceived change in temperature over the past one
and two decades in rural districts of Sidama, South-
ern Ethiopia. To understand how sensitive farmers
perceived climate change to livelihood assets, insti-
tutional factors and agro-ecological settings, we ran
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logit regression, and the results indicated strong
explanatory power with a significant Wald x 2 rang-
ing from 72 to 78 and P < 0-001 (Table 4).

The results showed that farmland size seems
to increase the probability that farmers perceive
long-term changes in rainfall and temperature. The
marginal effect confirms that the probability of
farmers’ perceived change in rainfall and tempera-
ture increases by 14% and 5.1%, respectively, for
a unit increase in farmland size. This implies that
wealthier farmers with more land are likely to rec-
ognize changes in climate, as a larger farm size
allows them to practise various agricultural activi-
ties through which they can increase their practical
knowledge, which is in line with Waha et al. (2018).

Natural capital represented by values of land and
livestock has a negative impact on perceived change
in temperature. The marginal effect confirms that
the probability of perceiving a change in tempera-
ture decreases by 0.97% for a unit increase in the
value of natural capital. This reflects that wealthier
households with more farmland value are less likely
to perceive changing temperatures probably they
are situated in areas less exposed to climatic haz-
ards and may own more fertile land that can provide
adequate food and feed. Similarly, a recent study
(Koirala et al., 2022) indicated an inverse relation-
ship between farmland productivity and farmers’
responsiveness to climate change.

Financial capital represented by net income
over debt negatively influences the likelihood of
perceived change in temperature. The marginal
effect reveals that the probability of farmers’ per-
ceived change in rainfall decreases by 1% for a unit
increase in financial capital. This reflects that higher
income may allow wealthier households to invest in
relatively more stable non-land-based alternatives.
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Table 4 Results of binary logistic regression for perceptions model in Sidama, Ethiopia, 2020

Independent variable

Perceived change in rainfall

Perceived change in temperature

Marginal effect dp(y = 1/x)/0x)

Marginal effect dp(y = 1/x)/0x

Age (years) 0.00037
Gender (1 =male) 0.066
Family size (persons) 0.019
Cultivated land (ha) 0.14%*
Livestock (tropical livestock units) —0.0038
Natural capital (value) 0.000038
Physical capital (value) —0.000018
Financial capital (net savings) —0.01%%*
Human capital (education in sch yr.) —0.008
Bonding social capital (BoSC) 0.088
Bridging social capital (BrSC) 0.15%%*
Social trust (STSC) 0.06
Norms reciprocity (NR) 0.168%**
Institutional trust (ITSC) —0.22%%*%
Distance to market —0.011%*
Access to CC information (1 =access) 0.49%**
Land tenure (1 =own; 0 otherwise) 0.31
Location (1 =Jere Henesa) —0.12%*
Net per capita income (birr) 0.98

N (sample size) 314
Pseudo R? 0.72
Wald (X?)(14) P<0.001

1.03
—0.00083
0.0024
0.051%**
—0.00035
—0.000097%**
0.000015
—00041
0.088***
0.12
0.0023
0.024
0.042
0.11
—0.019%*
—0.0055
0.026
0.0047
314

78
P<0.001

Source: Survey data, 2020

** and *** indicate significance levels of 5% and 1%, respectively

As expected, distance has a negative impact on
both perceived change in temperature and rainfall,
implying that perception decreases with increas-
ing distance from the urban market. This implies
that marketplaces give farmers an opportunity to
exchange mutually rewarding information with trad-
ers, relatives, friends and other farmers. The mar-
ginal effects further confirm that the probability of
farmers perceiving changes in rainfall and tempera-
ture decreases by 1.1% and 6.4%, respectively, for
every one km increase in distance from the urban
market centre.

As per prior expectations, access to climate change
information has a positive impact on perceived change
in rainfall. Improved access to climate change-related
information that may occur through improved access
to extension services is believed to enhance farm-
ers’ perceived change in climate. The marginal effect
depicts that the probability of perceiving a change in

rainfall increases by 49% for a unit increase in access
to climate change information.

Education seems to increase the probability that
farmers perceive long-term changes in temperature.
The marginal effect confirms that the likelihood of
perceived change in temperature increases by 29%
for a unit increase in schooling year. Thus, educated
farmers are more likely to perceive local tempera-
ture as a real issue of global and immediate concern,
which agrees with Debela et al. (2015).

Bridging social capital formed by connecting with
people outside social norms (heterogeneous group),
such as agricultural development agents (DAs) and
local administrative workers, positively influenced
the likelihood of perceived change in rainfall. The
marginal effect further confirms that the likelihood of
perceiving a change in rainfall increases by 15% for a
unit increase in bridging social capital. This implies
that such a network enhances perceived climate
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change through improved access to new ideas and
resources that may emanate from private and public
sectors (Howden et al., 2007; Kobayashi, 2010).

Norms of reciprocity, which refers to people’s
willingness to help others and generate good will to
others, help farmers adopt climate change adapta-
tion strategies by facilitating the exchange of benefi-
cial information and resources (Cox & Orman, 2010;
Putnam, 2000). The marginal effect confirms that
the likelihood of perceptions of change in rainfall
increases by approximately 17% for a unit increase
in norms of reciprocity. People’s connectedness to
mutual self-help groups (idir, equip) and membership
in watershed and environmental protection groups
helps to construct norms of reciprocity social capital.
In this regard, people respond to changing environ-
mental conditions by changing their behaviour and
norms to reduce their vulnerability to climate change
(Meinzen-Dick et al., 2014).

In general, perceived changes in rainfall and tem-
perature are more likely influenced by livelihood
assets, distance, and exposure to climatic risks.

Specific adoptions to climate change

This section focuses on various adjustments made
by farming activities if farmers perceived change in
the climate. Limited land size, lack of active labour,
lack of savings or credit, high cost of inputs, and lack
of awareness about appropriate adaptation measures
were cited by 161 (51%) nonadopters (Table 5) as
their main barriers to adaptation. Gbetibouo (2009)
adds that failure by farmers to adopt adaptive meas-
ures may also be attributed to failure to isolate

climatic stimuli from other stimuli that they face in
the real world, as well as their high level of concern
about responding to short-term climatic variability
rather than long-term climatic changes.

Effects of perceived change in rainfall and
temperature on specific adaptation measures

The study employed a logit model to analyse the fac-
tors determining the likelihood of adopting specific
adaptive measures. Pseudo R? ranging from 0.28 to
0.64 with P<0-001 shows strong explanatory power
of the model.

Farmers’ responses to perceived changes in tem-
perature and rainfall are likely different (Table 6), in
line with Gbetibouo (2009). Perceived change in rain-
fall significantly influenced the likelihood of adopting
irrigation, high-yielding varieties, herd diversifica-
tion, income diversification, and changing planting
date strategies. On the other hand, perceived change
in temperature significantly influenced the probabil-
ity of adopting soil and water conservation measures,
herd diversification, high yielding drought tolerant
variety, changing planting dates, seasonal mobility
and rotational grazing. This confirms that adaptation
to climate change is a necessary precondition to guide
effective land-based adoption (Gbetibouo, 2009;
Maddison, 2006).

As the main strategy to adapt to decreasing rain-
fall, 170 (55%) respondents adopted irrigation. Gbeti-
bouo, (2009) noted that building water harvesting
schemes (ponds, diverting rivers) is a popular adapta-
tion strategy for those experiencing decreasing rain-
fall. The marginal effect confirms that the probability

Table 5 Reported adoption
strategies in Sidama,

Ethiopia, 2020

Adopted strategies Adopters Nonadopters Index
1. Soil and water conservation (SWC) 43 (133) 57 (177) 0.43
2. Irrigation agriculture (Irr) 55 (170) 45 (141) 0.55
3. High yielding variety (HYV) 64 (198) 36 (112) 0.64
4. Herd diversification (HD) (> 2 livestock 68 (201) 32 (110) 0.68
species)
5. Crop diversification (> 2 crop types 28 (85) 72 (216) 0.27
6. Off/nonfarm income diversification 13 (41) 87 (270) 0.13
7. Change in planting date (CPD) 50 (154) 50 (152) 0.50
8. Seasonal mobility (SM) 51 (154) 49 (152) 0.50
9. Rotational grazing (RG) 64 (198) 36 (111) 0.64
Sample mean 49 (154) 51 (161) 0.49

Source: Survey data, 2020
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Table 6 Factors affecting the adoption of specific adaptation strategies in Sidama, Ethiopia
Independent variable Results of logistic regression (marginal effect=dp(y = 1/x)/0x)
SwWC IRR HYV HD CD NFS CPD SM RG
Age (years) 1.010 -0.0037  —.0029 —0.0013 —-00047  —0.00004 0.0029  0.0022 0.000805
Gender (1 =male) 0.013 2.01 1.400 0.83 1.400 0.620 1.180 0.420 0.530
Household size (persons) 0.039%* 0.0035 0.025 0.0073 .0023  —0.00980 0.83 -0.005  0.015
Perceived change To (C? 0.22%%* 0.160 0.35%*%* 0.310%** —0.240 0.990 0.69%**  (0.350%** 0.400%**
Perceived change rainfall 0.110  0.19%*%*  0.25%** (.230%** —0.100 0.120*** —0.160*** 0.110 —-0.032
(mm)
Cultivated land (ha) —0.0054 -0.0015 0.011  0.107** —.033 —-0.030 0.12%* -0.068  —0.031
Livestock (TLU —0.0045 -0.0049 —0.0024 —0.013 —.0050 0.0043 0.0016  0.0035 0.100%*
Natural capital (value) —0.0002 0.230 0.0051 —.1300  0.2900 —0.0005 —0.104 0.120 —-0.160
Physical capital (value) -0.0001 -0.017 0.057** 0.0016 .051#%  0.990 0.0062  0.0074 0.110
Financial capital (net —0.0018 1.010 0.950  0.990 1.010  -0.0004 —0.037** 0.990 —0.0018
saving)
Human capital (sch.yr) 0.00021 0.0054 -0.0012 -0.016 0.016 0.0094 0.032*%** (0.980 0.0066
Bonding social capital —-0.078 0.072 0.012  0.220%** —0.130* —0.018 0.019 -0.089  -0.011
(BSC)
Bridging social capital 0.42%%* 0.120* —-0.040  0.130** —0.095 0.055 —0.048 —0.110  0.150%**
(BrSC)
Intuitional trust 0.06** —0.180%* 0.077 -0.017 0.073  -0.019 0.108**  —0.16%*  0.029
Social trust 0.17%*%*  0.28*** —-0.133 0.055 —0.005 -0.081 0.40%**  —0.14*%*  —0.081
Norms of reciprocity 0.099 0.14* 0.20%** —0.022 0.0045 0.059 —0.18 0.042 0.026
Distance to market (hr) 1.020 —0.013** —0.016¥* —0.067  —0.023** —0.0041 —0.019%** —0.013** —0.014%%**
Access to CC info (1 =yes) 0.040 0.750 0.860  2.830 0.110 0.960 6.20%**  0.730 6.960
Land tenure (1 =own) 0.980 0.460 0.740  0.800 1.170 0.650 0.890 0.780 0.660
Location (1 =Jere.H) 0.070 0.890 0.540  0.0021 2.490 2.300 0.201*** (0.380 —0.008#**
Per capita income (birr) 0.980 0.0014 -0.0018 0.890 0.0023 0.980 0.0036  —.009*** 0.960
Sample size (N) 314 314 314 314 314 314 314 314 314
Wald x2 (10) 1396 1°2.16 18.76  11.11 23.55 9.15 4431 23.09 20.54
Pseudo R? 0.42 0.54 0.60 0.27 0.28 0.76 0.75 0.48 0.64
Loglikelihood —208.83 —209.48 -206.99 -201 -171 -115 -167 -210.85 -202.72

Source: Survey data, 2020. ** and *** indicate the 5% and 1% significance levels, respectively. abbreviated adaptation strategies

Adaptation strategies in Table 6 are abbreviated as follows: SWC soil and water conservation, /RR irrigation, HYV high-yielding
varieties, HD herd diversification, CD crop diversification, NFS non/off-farm strategies, CPD changes in planting date, SM seasonal

mobility, and RG rotational grazing

of adopting irrigation strategies increases by 19% for
a unit increase in perceived decrease in rainfall. This
implies that irrigation is perceived as protection dur-
ing drought and famine and can improve farm pro-
ductivity (Dowgert, 2010).

Those respondents who perceived both increasing
temperature and decreasing rainfall adopted high-
yielding drought-tolerant varieties (HYV) as a strat-
egy to protect harvest and reduce losses in times of
intense drought (Alamgir et al., 2021; Paul, 1998).
The marginal effects confirm that the probability of

adopting high-yielding variety increases by 25% and
35% for a unit increase in the likelihood of perceived
change in rainfall and temperature, respectively,
reflecting that farmers’ response may vary depending
on the extent of riskiness of climatic factors.

A significantly larger share (68%) of respondents
adopted herd diversification as a strategy to adapt
to perceived changes in rainfall and temperature.
The marginal effect confirms that the probability
of adopting herd diversification increases by 23%
and 31% in response to a unit increase in perceived
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change in rainfall and in temperature, respectively.
Studies (Martin et al., 2020; Tichit et al., 2004)
argue that keeping a mix of livestock species ena-
bles farmers to exploit possible synergies and com-
plementarities between species due to differences in
their behaviour, feed requirements, susceptibility to
disease and parasites, seasonality and duration of
production cycles and products.

As a strategy to protect their families against
the loss of income/yield from their primary activ-
ity (Dogan et al., 2020), only 41 (13%) respondents
adopted an income diversification strategy. This
may reflect scanty access or high entry barriers to
remunerative activities away from their own farm.
The likelihood of adopting this strategy increases
by 12% for a unit increase in perceived change in
rainfall, as confirmed by the marginal effect.

Farmers (50%) who perceived increasing temper-
ature adopted changing planting dates to skip yield
loss or crop failure. Sakurai et al. (2018) indicated
that the global average crop yield could poten-
tially be increased by approximately 30% through
optimal selection of the planting date. Most likely,
this group of farmers also adopted soil and water
conservation strategies to support herd diversifica-
tion, high-yielding varieties, and rotational graz-
ing, implying that land-based adoptions are likely
complementary. For instance, the marginal effect
confirms that the probability of adopting a soil and
water conservation strategy increases by 22% for a
unit increase in perceived change in temperature,
and the probability of adopting a high-yielding
variety, herd diversification, and rotational grazing
increases by 35%, 31%, and 40%, respectively, for
a unit increase in perceived change in temperature.

However, if farmers perceive further decreasing
rainfall and have limited access to technologies that
improve water and soil moisture, they assume that
dropping changing planting dates reduces the cost
of crop failure or yield loss. This reflects that farm-
ing households are more likely to reduce the risk of
increasing temperature by improving soil moisture
and/or access to irrigation or to drop strategies more
sensitive to moisture stress to reduce risks associ-
ated with decreasing rainfall. The marginal effect
confirms that the probability of adopting changing
planting dates decreases by 16% for a unit increase
in perceived fall in rainfall.

@ Springer

On the other hand, farmers tend to adopt sea-
sonal migration strategies to adapt to increasing tem-
peratures to spread risks associated to feed shortage
over space, in contrast to rotational grazing intended
to spread risk of feed shortage over time. Van et al.
(2018) argue that seasonal migration is an ecologi-
cal necessity in areas with severe climates and highly
variable environmental conditions. Undersander et al.
(2002) suggest that rotational grazing increases soil
fertility, forage production, forage quality and bio-
mass and reduces forage waste.

The effect of institutional variables and
agro-ecological settings

Institutional factors often considered in the litera-
ture to influence the adoption of new technologies
are access to information through extension services,
land tenure (Gbetibouo, 2009) and distance to market
(Maddison, 2006).

A longer distance is expected to negatively influ-
ence the probability of adopting an adaptive measure
to climate change as it decreases access to informa-
tion and technology (Bryan et al., 2009). The mar-
ginal effect confirms that a unit increase in distance
from the farm to the urban market centre decreases
the probability of adopting irrigation, high-yielding
varieties, crop diversification, changing planting
dates, seasonal migration and rotational grazing by
1.3%, 1.6%, 2.3%, 1.9%, 1.3% and 1.4%, respectively
(see Table 6). This reflects that a longer distance
increases the cost of information and inputs and trans-
portation, thereby reducing the efficient use of farm
inputs and effective price farmers receive for outputs
(Maddison, 2007).

Access to climate change information, which is
inversely related to distance positively influenced the
probability of adopting changing planting dates by
62% implying that better access to climate change
information given other factors enhances farm-level
adoptions. In this connection, farm location closer to
urban markets (Jere Henesa) increases the probabil-
ity of adopting changing planting dates (CPDs) by
21% implying that reduced distance to urban markets
reduces cost of adopting adaptive measures by reduc-
ing the cost of information and inputs. Nevertheless,
the probability of adopting some strategies increases
with increasing distance or marginality. For instance,
the marginal effect of farm location confirms that the
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probability of adopting rotational grazing strategy
increases by 0.8% as distance increases by a unit.
This implies that marginal areas offer better access to
land to adopt the rotational grazing strategy to reduce
risks of feed shortage over time.

The effect of the five capital assets on specific
adaptation

Individuals attempt to turn livelihood capital/assets
into reasonable livelihood outcomes, thus enabling
the adoption of adaptive measures that reduce mainly
climate change-based risks. The marginal effect con-
firms that the probability of adopting herd diversifica-
tion and changing planting dates increases by 10.7%
and 12%, respectively, for a unit increase in land size.
Evidence (Jalén et al., 2018) shows that improved
access to livelihood assets such as land enhances
farm-level adoption. This reflects that large-scale
land holdings improve access to grazing resources,
thus enabling farmers to exploit livestock species
diversity and reduce stress under thermal trends
while also planting crops during optimum planting
dates to reduce climate change-related risks during
critical developmental phases and ultimately prevent
decreases in the productivity of agronomic crops
(Abbas et al., 2019, in line with Gbetibouo, 2009).

Physical capital consists of tangible, human-made
goods (farm tools and equipment) that assist in the
creation of products or services (Haines & Sharif,
2006). The marginal effect confirms that the prob-
ability of adopting high-yielding variety and crop
diversification strategies increases by 5.5% and 5.1%,
respectively, for a unit increase in the value of physi-
cal assets. Sargani et al., (2022) in this connection
noted that the quality and quantity of physical assets
sustainably enhance farm production and productiv-
ity, which also reflect farmers’ means of living con-
ditions and determine farmers’ land use decisions
(Nguyen et al., 2017; Sargani et al., 2022).

Financial capital, which refers to net income
over debt, credit, and other forms of funding, is
necessary to acquire or purchase physical capi-
tal for the production of goods and services and
undertake adaptive measures (King & Plosser,
1984). Nevertheless, the marginal effect confirms
that a unit increase in financial capital and net per
capita income decreases the likelihood of adopting
changing planting dates and seasonal migration by

3.7% and 0.9%, respectively. This may reflect that
increasing farm financial wealth encourages farm
households to invest in livelihood methods, espe-
cially agri-enterprises that enable farm families to
accumulate more wealth with more assets (cattle
and production assets) (Sargani et al., 2022).

The marginal effect of human capital represented
by formal education confirms that the probability of
adopting changing planting dates increases by 3.2%
for a one-year increase in schooling. Evidence (Dunn
& Kennedy, 2019; Gbetibouo, 2009) shows that edu-
cation increases one’s ability to receive, decode and
understand information for innovative decisions.
Sargani et al. (2022) add that human capital/assets,
including education, are generally acknowledged
as critical aspects of farm households to implement
various informed livelihood/adaptive investment
decisions.

The marginal effect confirms that the probability
of adopting a soil and water conservation strategy
(SWS) increases by 3.9% for a unit increase in house-
hold size. Gbetibouo (2009) noted that a larger house-
hold is more likely to adopt labour-intensive strate-
gies such as SWSs. Croppenstedt et al. (2003) suggest
that a larger household size enables farm households
to accomplish various agricultural tasks, especially
during peak seasons.

We observe that social capital (bonding, bridg-
ing, institutional trust, social trust and norms of reci-
procity) that emerges from networks of relationships
among people is strongly associated with the likeli-
hood of adopting several land-based adoptions. Social
capital enables society to function effectively and is
essential for any agrarian society in particular to cope
with and adapt to climatic risks (Lee & Foo, 2020).
These social networks are often measured using an
indicator or combinations of indicators (Belay &
Fekadu, 2021).

The marginal effect confirms that the probability
of adopting a herd diversification strategy increases
by 22% for a unit increase in bonding social capital,
ceteris paribus for a unit increase in bonding social
capital, formed by connectedness to relatives, friends
and neighbours. Strong norms of trust, reputation,
and monitoring behaviour of the membership with
close ties are the probable reasons that an opportunity
to share emotional and material support facilitates
adaptations to climate change (Hamilton & Lubell,
2019).
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In contrast, bridging social capital with weak ties
formed by connectedness with far-reaching people
such as development agents and local administrative
workers (Adger, 2003; Adger et al., 2005) is believed
to facilitate adaptation to climate change. This is
because of the fact innovative supports from diverse
actors beyond social norms would enable farmers
to learn new ideas and more effectively adapt to cli-
mate change. The marginal effect confirms that the
probability of adopting soil and water conservation,
herd diversification and rotational grazing strategy
increases by 42%, 13% and 15%, respectively, for a
unit increase in bridging social capital.

Institutional trust refers to the belief or expectation
that the government will do the right thing under nor-
mative standards (Hetherington, 2005; Norris, 2017).
The positive marginal effect confirms that the likeli-
hood of adopting soil and water conservation and
changing planting dates increases by 6% and 10.8%
for a unit increase in institutional trust. This implies
that reliance on local administrative workers, farmers’
training centre (FTC), and farmer’s field day (FFD)
as indicators of institutional trust may have assisted
local farmers to adopt adaptive strategies primarily
induced by government. On another hand, the mar-
ginal effect confirms that the probability of adopting
irrigation and seasonal migration strategies decreases
by 18% and 16%, respectively, for a unit increase in
institutional trust. This implies that adopting irriga-
tion strategy is likely constrained by access to capital,
technology and skilled labour, whereas that of sea-
sonal migration is most likely discouraged by Ethio-
pian government and emerging conflicts over water
and grazing pasture.

The marginal effects confirm that the probability
of adopting soil and water conservation, irrigation
and changing planting dates increases by 17%, 28%,
and 40%, respectively for a unit increase in social
trust. This implies that social trust/belief that others
are generally honest, fair, diligent and good may be
a vital means to share critical resources and acquire
information knowledge during the agricultural peak
season, and sustained cooperation primarily for poor
people (Adger, 2003; Taylor et al., 2007). Neverthe-
less, the marginal effect confirms that the probability
of adopting seasonal migration decreases by 14% for
a unit increase in social trust. Probably this reflects
that rural wealthier households with more number of
livestock are less likely to trust or rely on others to
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acquire resources and/or information to make such
a risky adaptive decision but their own background
experience and entrepreneurial skill to calculate
opportunity cost of a given adaptive strategy such
seasonal migration.

Norms of reciprocity is a social norm that obliges
people to return favors or benefits that they have
received from others is an another means to facili-
tate taking up of measures to reduce vulnerability
to climate change. For instance, the marginal effect
confirms that the probability of adopting high-
yielding varieties and irrigation increases by 20%
and 14%, respectively, for a unit increase in norms
of reciprocity. This probable reflects that nonmarket
exchange of beneficial information and resources
among people willing to help others and generate
good will to others influences human behaviour and
relationships that enhances adaptation to climate
change through increased sharing of resource, infor-
mation and new ideas (Bates, 1995).

We observe that some strategies, such as soil and
water conservation, are labour intensive, while oth-
ers, such as irrigation, are both capital and labour
intensive. On another side, strategies such as seasonal
mobility and rotational grazing, are mainly driven
by distress factors, such as feed scarcity/shortage
induced by climate change.

Conclusions and policy recommendations
In this study, we set out to investigate three questions:

1. Which farm household-specific factors influence
perceptions of climate change?

2. Do perceptions of climate change significantly
influence the adoption of a set of specific meas-
ures?

3. Finally, which farm household-specific factors
influence the adoption of specific land-related
strategies?

This study used binary logistic regressions to
investigate factors influencing perceived changes in
climate (temperature and rainfall) and factors influ-
encing the probability of adopting specific adaptation
strategies.

Indeed, most farmers in the study areas recognize
that temperatures have increased and that there has
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been a reduction in the volume of rainfall over the
recent past one to two decades. Findings suggest that
the perceived change in climate is influenced by dif-
ferent factors. For instance, livelihood assets such as
farmland size positively influenced both perceived
change in rainfall and temperature; human capital and
natural capital positively influenced perceived change
in temperature; and financial capital and social capital
(institutional trust) negatively influenced perceived
change in rainfall. On the other hand, institutional
variables such as distance negatively influenced per-
ceived changes in both rainfall and temperature, while
access to climate change information, which is a
function of distance, positively influenced perceived
changes in rainfall. Meanwhile, location variables
negatively influenced both perceived changes in rain-
fall and temperature.

Thus, understanding the way in which various fac-
tors are associated with perceived change in climate
and the likelihood of adopting an adaptive measure
are vital to designing effective land-based adoption.

Our results suggest that the probability of adopt-
ing a specific adaptation strategy is significantly
influenced by perceived changes in climate, reflect-
ing that perceptions of climate change are necessary
preconditions to make informed adaptive decisions.
For instance, farmers who perceive decreasing rain-
fall are more likely to adopt irrigation and off/non-
farm activities but are less likely to adopt changing
planting dates. On the other hand, farmers who per-
ceive increasing temperatures are more likely to adopt
soil and water conservation, changing planting dates,
seasonal migration, and rotational grazing strategies.
Meanwhile, farmers who perceive both decreasing
rainfall and increasing temperature are more likely to
adopt high-yielding varieties and herd diversification.
This implies that the probability of adopting an adap-
tive measure is likely guided by farmers’ perceived
change in specific climatic elements. Moreover, the
complementarity between rural adaptation strategies
is also important in influencing farmers’ adaptive
decisions.

Distance, which is an institutional variable, nega-
tively influenced the probability of adopting irriga-
tion, high-yielding varieties, crop diversification,
changing planting dates, seasonal migration and rota-
tional grazing, implying that distance increases the
cost of taking up adaptive measures. The implication
for the positive association between access to climate

change information and the probability of adopt-
ing planting dates is that improved access to climate
change information induced by a reduced distance
to urban market centre facilitates informed adaptive
decisions. This further implies that marginal locations
need to receive policy attention to reduce the costs
associated with acquiring critical inputs, information
and technologies.

Moreover, the probability of adopting specific
adaptation strategies is more likely influenced by live-
lihood assets. For example, the positive correlation
between the probability of adopting changing plant-
ing dates and the marginal effect of human capital
(education) and farmland, the probability of adopting
crop diversification and the marginal effect of physi-
cal assets, and the probability of adopting rotational
grazing and the marginal effect of livestock reflects
that wealthier households are more likely to adopt
strategies to reduce their potential vulnerability to cli-
mate change. This further reflects that wealth, which
refers to past achievement and the ability to bear risk
in the past, enhances land-based adaptation to climate
change, in line with Gbetibouo (2009).

Nevertheless, the negative association between the
marginal effect of financial capital and net income
and the probability of adopting changing planting
dates and seasonal migration strategies reflects that
rural wealthier households with more liquid assets are
less likely to invest in land-based adaptive strategies;
rather, they invest in livelihood assets to accumulate
wealth to invest in the future given other factors.

More generally, we observed that typologies of
rural land-based adoptions are more likely influ-
enced by the type of livelihood capita/assets owned
or accessed. For instance, land size induced wealthier
households to adopt changing planting dates, while
the number of livestock induced wealthier households
to adopt seasonal mobility.

In terms of social capital, our results confirm that
elements of social capital are vital to facilitate land-
based adaptation to climate change by reducing the
costs associated with adaptation to climate change.
For instance, bonding social capital positively influ-
enced herd diversification; bridging social capital
positively influenced soil and water conservation,
herd diversification, and rotational grazing; institu-
tional trust positively influenced soil and water con-
servation and changing planting dates; social trust
positively influenced soil and water conservation,

@ Springer



5790

GeoJournal (2023) 88:5775-5793

irrigation, and changing planting dates; and finally,
norms of reciprocity positively influenced the prob-
ability of adopting irrigation and high-yielding
varieties.

Thus, we further believe that investing in small-
and large-scale irrigation, improving access to and
productivity of livelihood assets and empowering and
acknowledging local social networks would be criti-
cal to enhance land-based effective adaptive measures
given heavy reliance on rain-fed small-scale agricul-
ture with very low productivity.
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