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Abstract: This paper discusses how climatic and non-climatic factors, either separately or together,
shape the adaptation responses of smallholder farmers in the Raya Azebo district of Ethiopia. Their
adaptation responses included adjusting planting periods, crop diversification, changing crop types,
adopting improved seeds, using irrigation, conducting migration, participation in wage employment,
selling local food and drinks, and owning small shops. These adaptation responses were motivated
by various climatic (e.g., drought and rainfall variability) as well as non-climatic factors (e.g., market
conditions, yield-related factors, land scarcity, labor shortages, soil fertility issues, crop diseases,
and limited local employment options). We therefore argue (i) that successful adaptation requires
a broader understanding not just of climatic factors but also of the various social-ecological factors
that shape smallholder farmers’ adaptations; and (ii) that the successful design and implementation
of locally appropriate planned adaptation interventions require the inclusion of both climatic and

non-climatic factors.

Keywords: smallholder farmers; adaptation decision-making; climatic and non-climatic factors;
Ethiopia; Africa

1. Introduction

Climate change is an increasing concern for Africa. A report by the Intergovernmental
Panel on Climate Change (IPCC) indicates that over the past 50 to 100 years, temperatures
in most parts of Africa have increased by 0.5 °C or more [1]. Rainfall is projected to
decline in some regions of the continent with serious consequences for agriculture and
food security [1,2]. In Sub-Sharan Africa, for instance, smallholder farmers will be affected
by the impact of climate change because of their dependence on rain-fed farming and low
adaptive capacities [3-5].

In Ethiopia, climate change has become one of the biggest threats to smallholder
farming systems in recent decades [6-8]. Increasing temperatures, erratic rains, severe
drought, and flooding events have become common occurrences across the country [9-11].
The Tigray region, where the site for this study was located, is highly affected by climate-
linked risks [12,13].

Particularly, the region experiences high spatio-temporal variabilities in temperature
and rainfall parameters. Analysis of historical temperature data (1954-2008) shows that
both average annual minimum and maximum temperatures in the region have increased by
about 0.72 and 0.36 °C every ten years, respectively [14]. Over most parts of the region, an
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increase in mean annual maximum and minimum temperatures by a range of 0.8-5 °C and
0.8-5.6 °C is expected for the period of 2030-2050, respectively [15].

Between 1980-2009, both increasing and decreasing trends in annual precipitation
totals have been observed in different parts of the Tigray region, but these trends are
not statistically significant [16]. Over the period of 2030-2050, the Kiremt (long-season)
rainfall totals are projected to increase in most areas of the Tigray region, while the Belg
(short season) rainfall amounts are expected to decrease significantly across the region [15].
Beyond rainfall totals, the region experiences erratic and unreliable rainfall patterns, which
are characterized by late or early cessation of rainfall during crop planting seasons [17,18].
Historically, the region also suffers from severe and recurrent droughts [13,19].

In Tigray, the adverse impact of climate change on smallholder farmers’ livelihoods
as well as on natural resources including freshwater availability and land and forest
resources is significant [20,21]. Adaptation is therefore fundamental for minimising the
present and future risks of climate change and building the adaptive capacities of local
communities [22-24].

Over recent decades, the concept of adaptation has gained increasing attention within
the field of climate change. In the scholarly literature, numerous definitions of adaptation
exist. However, there is a lack of consensus on how adaptation on the ground should be
framed to build the adaptive capacity of climate-vulnerable groups such as smallholder
farmers [25,26]. Some scholars relate adaptation to specific climate change impacts, while
others relate it to conventional development objectives [27,28]. The IPCC defines adaptation
as “the process of adjustment to actual or expected climate and its effects” [29] (p. 5). Other
scholars define adaptation more broadly such as “changes in social-ecological systems in
response to actual and expected impacts of climate change in the context of interacting
non-climatic changes” [30] (p. 22026). This paper follows the latter definition. Some schol-
ars suggest merging adaptation with development, thereby highlighting efforts towards
reducing general vulnerability and increasing resilience to climatic and non-climatic stres-
sors [25]. In this sense, adaptation has the potential to improve development outcomes by
strengthening the livelihoods and capacities of vulnerable people.

Adaptation actions are classified into two forms: autonomous and planned adap-
tation [31]. While the former denotes adaptation measures that are taken proactively by
households or communities without external support, the latter refers to measures taken by
governments and development organizations to reduce the impact of climate change [32,33].
As autonomous adaptation is insufficient to address risks associated with climate change,
planned adaptation has become a major policy response [34].

Most empirical studies have explored the different adaptation measures taken by Africa’s
smallholder farmers to reduce the current and future impacts of climate change [35-38]. While
these studies are important, some researchers have highlighted that rural households’ vul-
nerability to climate change impacts does not occur in isolation from other socio-economic,
institutional, and political drivers of vulnerability [39-41]. Consequently, their adaptation
decisions are shaped by both climatic and non-climatic factors [42—44].

In a broader sense, decision-making is a process of choosing options to deal with a
particular situation. Smallholder farmers can be considered as utility maximizers [45,46],
who make decisions to maximize benefits by reducing risks and by taking advantages
from new opportunities. For example, farmers adjust farming practices to reduce risks
that are associated with drought, erratic rains, pest infestations, land degradation, and
labour shortages [47-49]. They also adjust their farming strategies in response to emerging
markets, new technologies, improved infrastructure, and institutional support [44,50,51].
One could view farmers as rational actors with full information about their available choices
that make deliberate decisions to maximize their benefits, relying on the information they
obtain to meet that goal [52].

Under conditions of uncertainty, however, individuals regularly make decisions with
heuristic shortcuts (i.e., based on instinct, emotions, and experiential learning) instead of us-
ing rational decision-making methods [52,53]. Smallholder farmers in developing countries
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often operate in a complex and uncertain environment where climate change and other
broader development challenges are characterized by these uncertainties [49,54,55]. Hence,
it is expected that they utilize heuristic decision-making approaches in this context [52].

As other researchers have argued, climate change adaptation decision-making should
be explored with a recognition and deep awareness of the socio-economic, cultural, institu-
tional, and political factors that also shape adaptation actions simultaneously [56—60]. This
is because, adaptation research that solely focuses on climatic factors will not adequately
inform planned adaptation measures that are aimed at enhancing smallholder farmers’
adaptive capacities. In this paper, we explore farmers’ adaptation responses to climate
change within the context of non-climatic influences in the Raya Azebo district of the Tigray
region. We use adaptation as the core conceptual frame driving our investigation. We seek
to understand the non-climatic factors that affect implementation of effective adaptation:
how these dynamics affect adaptation in situ. This focus on adaptation clearly delineates
this study from rural development and livelihood studies, although our findings will have
implications for both. By doing so, this study provides valuable knowledge that can be
used to inform the development of effective planned adaptation interventions, strategies,
and policies that benefit smallholder farmers in Ethiopia and other developing countries
with similar socio-economic contexts.

2. Methods

The study was carried out in the Raya Azebo district, which is part of the Tigray
region of Ethiopia (Figure 1). It was chosen purposely as it is one of the rural districts most
vulnerable to climate change, as well as to other socio-economic challenges, in Ethiopia [13].
The district has a total area of 1343 km? and encompasses lowland (47%), midland (50%),
and highland (3%) [61]. According to the last population census conducted in Ethiopia,
Raya Azebo is home to 135,870 households who are primarily engaged in mixed crop-
livestock farming [62]. The rainfall pattern of the study area is bimodal, with mean annual
rainfall ranging between 400-700 mm and mean annual temperature varying between 15 °C
and 30 °C [63]. Out of 20 Kebeles (lower administrative units) in the Raya Azebo district,
one Kebele called Hade Alega was selected randomly using a lottery method. We chose
a random sampling technique to select one specific Kebele based on the information we
received from the district’s administrative officials. Smallholder farmers residing across the
20 Kebeles experience more-or-less similar socio-economic and environmental challenges
regardless of their location. Similar to all the other Kebeles, the agricultural production
system in Hade Alega is mixed-crop-livestock farming system. Despite their exposure to
climatic and non-climatic risks, smallholder farmers residing in these Kebeles have received
little support from governmental and non-governmental institutions. It is common to
observe poor rural infrastructure (including bad roads and a lack of electricity, pipe water,
and communication facilities) throughout the Kebeles.
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Figure 1. Location Map of Raya Azebo district. Source: [64].

The study, which was conducted between December 2016-February 2017, used a
mixed-method case study approach to enable in-depth and multifaceted [65,66] exploration
of smallholder farmers’ adaptation responses. Both qualitative and quantitative methods,
in the form of focus group discussions (FGDs) and household surveys, were employed. The
data collection started with an FGD with smallholder farmers. The focus group participants
(four women and seven men) were chosen purposively as they were considered knowl-
edgeable of the local conditions and the issues under investigation. The aim of this focus
group was twofold: (a) to identify locally relevant farm- and non-farm-related livelihood
strategies that are commonly practised by farmers in the study area; and (b) to elicit infor-
mation about the key motivating factors that induce the locally identified farm, off-farm,
and non-farm livelihood strategies, without reference to climate-related factors to avoid
bias in the responses. The focus group was conducted in a public place where farmers
would gather for a meeting. Two research assistants helped the first author in facilitating
the discussions and taking notes. The FGD lasted for 3 h.

The surveys were administered to household heads, which constituted the unity
of analysis for this study. We interviewed household heads due to their primary role
in important livelihood decisions within the household. Using the table on confidence
ranges for variability attributable to sampling [67] (p. 41), this research estimated four
hundred (400) respondents at 95% confidence level. The respondents were selected using a
systematic random sampling technique [68,69]. This technique was employed by selecting
every 10th house until the sample size of 400 was obtained. To administer the household
survey, a structured questionnaire was developed based on an extensive literature review
on the common adaptation strategies practised by smallholder farmers in Africa and the
possible motivating factors for adopting those strategies [70-72] and revised based on the
results from the initial FGD. A pre-test of the questionnaire was carried out to check the
reliability and validity. In this regard, the Cronbach alpha test was used to check for the
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reliability while exploratory and confirmatory factor analysis was used to check convergent
and discriminatory validity.

The modified questionnaire was structured in three parts: (i) household socio-
demographic characteristics; (ii) types of farm, non-farm and off-farm related strategies
conducted by smallholder farmers over the last five years; and (iii) farmers” motivations
behind conducting those strategies in the past five years. Following [73], we consider farm
strategies to be if the household earned income from its own farmland; off-farm strategies if
income was derived from participation in wage employment or exchange of labour on other
farms; and non-farm strategies if income sources came from non-agricultural activities (e.g.,
migration, businesses, etc.).

Most of the questions in the questionnaire had close-ended response categories and
respondents were given the option to choose multiple responses from the available list. The
use of close-ended questions in the questionnaire enabled higher response rates, facilitating
the coding process and the statistical analysis of the data. Open-ended questions were also
included to allow respondents to provide answers which may not have been included
in the fixed list of response options (i.e., adaptation responses) and to capture detailed
motivations behind their adaptation responses. The open-ended questions corroborated
the quantitative findings and provided a more nuanced story of the data.

The focus group discussion was digitally recorded, translated into English from the
Tigrinya language, and thematically analysed. The questionnaire data were coded and
entered into the Statistical Package for Social Sciences (SPSS) version 22 (IBM, Armonk, NY,
USA). The survey achieved a high response rate of 100% and there were no missing data.
To analyze the quantitative survey data (including farm households’ socio-demographic
characteristics, adaptation response, and motivations), descriptive statistical techniques
were employed which made use of frequencies and percentages. Inferential statistical
technique (Chi-square test) was also used to formulate and check the association between
key socio-demographic variables and farmers’ adaptation responses and motivations.
Moreover, quotes from the open-ended survey questions were extracted to illustrate the
themes that emerged from the analysis.

3. Results

The results are presented in three sections. First, the socio-economic characteristics of
the survey respondents are outlined. Second, the type of farm-related adaptation strategies
implemented by smallholder farmers and the role of climatic and non-climatic factors
in motivating those actions are discussed. Finally, the non-farm and off-farm adaptation
strategies used by smallholder farmers and the driving forces behind farmers’ decisions to
adopt those strategies are reported.

3.1. Socio-Demographics of Smallholder Farmers in Raya Azebo, Ethiopia

The majority of the surveyed smallholders (69.8%) were males and the remain-
ing 30.2% were females (Table 1). In terms of age structure, most of the respondents
(41%) were between ages of 36 and 45. Relatively few respondents belonged to the younger
age (18-25) and older age (65+) groups. Of the total 400 survey respondents, almost two-
thirds of the respondents were married, 22.3% were widowed, 12.3% were divorced and the
remaining 1.8% were single. It is important to note that most female-headed households in
rural Ethiopia are either widowed or divorced. Indeed, the survey results show that, out
of the 122 female respondents, 63 were widowed and 42 were divorced. Table 1 indicates
that the majority (46%) of the survey respondents had a large family size (between 5 to
8 children).

Concerning religion, the majority (83.5%) were Orthodox Christians, while a small
minority (16.5%) were Muslims. As can be seen in Table 1, the status of education was very
low. A large number of the survey respondents (85.6%) were uneducated. Few respondents
(10.5%) could read or write via attending some formal education (Grades 1-4). The remain-
ing respondents had attended formal education up to the primary (2.3%), secondary (1%),
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and tertiary level (0.5%). There was substantial income inequality among the surveyed
households, which ranged from 500 ETB to 40,000 ETB (USD 10-USD 804.55).

Table 1. Socio-demographics of surveyed smallholder farmers.

Soc10VI:;1;L()1§2aph1c Description "ﬂ(;}:iqﬁ:ﬁl;:r Percent (%)

Gender Female 121 30.3
Male 279 69.5

Age 18-25 21 5

26-35 86 22

36-45 163 41

46-55 76 19

56-65 36 9

65+ 18 45
Marital status Married 254 63.8
Widowed 89 22.3
Divorced 49 12.3

Single 8 1.8

Number of children No children 30 75
1-2 58 14.5
3-4 119 29.8

5-8 184 46

8+ 9 2.3
Religion Orthodox Christian 334 83.5
Muslim 66 16.5
Education Do not read and write 343 85.7
Read and write 42 10.5

Primary education 9 2.3

Secondary education 4 1.0

Higher education 2 0.5
Annual income (ETB) 500-5000 86 21.5
6000-10,000 139 34.8
11,000-25,000 86 21.5

26,000-40,000 52 13

40,000+ 37 9.2

3.2. Types of On-Farm Adaptation Strategies

Figure 2 shows that farmers had adopted five different types of on-farm adaptation
strategies. The most common adaptation strategy was changes made to crop planting
dates (periods), which was practised by almost all the farm-households (97%). The results
indicated a significant association between adjusting planting dates and level of income
(x? = 10.671, df = 4, p = 0.05). In particular, all households (100%) whose incomes were
between 26,000-40,000 (ETB) adjusted crop planting dates, compared with households
(89%) who belonged to a higher income category (40,000+) (ETB) (Table S1).

Changes in crop types and crop diversification were also part of on-farm adaptation
responses, which were reported by 60.8% and 38.8% of survey respondents, respectively.
Of those who diversified crops, more male-headed households (42%) were found to be
using this strategy compared with female-headed households (29%) (statistically significant
association at: x> = 6.386, df = 1, p = 0.01) (Table S2). In addition, a higher proportion of
households (40%) who were aged between 3645 employed a crop diversification strategy,
compared with households (30%) who belonged to the 26-35 age group (a statistically
significant association at: x2=11.669, df =5, p = 0.04) (Table S3). The results also indicated
a significant association between level of education and crop diversification (x? = 10.04,
df = 4, p = 0.04) (Table S4). More specifically, households who did not read and write (39%)
diversified more compared to those who could read and write (26%). Except for crop
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diversification, the survey results showed no significant association between educational
level and other on-farm adaptation responses. Moreover, a higher proportion of households
(43.5%) with a large family size (5-11) were likely to diversify than households (40%) who
had a family size of 3-4 (43.5%) (significant at: x> = 15.8, df = 4, p = 0.003) (Table S5).

I (.8
Changed crop types

. I 36.5
Adopted improved seed

—— 97
Adjusted planting periods

. . I 38.8
Diversified crops

L E— 20.8
Used irrigation

0 20 40 60 80 100 120

Respondents (%)

Figure 2. Smallholder farmers” on-farm adaptation strategies.

The results further showed that 36.5% of the surveyed households adopted improved
seed varieties as an adaptation strategy (Figure 2). There was a significant association
between adopting improved seed varieties and the type of farm-household headship
(X2 =5.282, df = 1, p = 0.02), with more male-headed households (40%) adopting the
strategy compared to female-headed households (29%) (Table S2). Irrigation was the least-
utilised on-farm adaptation measure, employed by only 21% of surveyed households.
Compared with female-headed households (14%), male-headed households (24%) adopted
irrigation to a greater extent (a statistically significant association at: x? = 4.736, df = 1,
p = 0.03) (Table S2).

3.3. The Role of Climatic and Non-Climatic Factors in Motivating On-Farm Adaptation Strategies

The driving forces that motivated smallholder farmers to undertake on-farm adap-
tation measures were diverse. As shown in Table 2 below, the climatic factors mainly
consisted of droughts and erratic rains, while the non-climatic factors included market
conditions, yield consideration, land scarcity, labour constraints, limited local employment
options, soil fertility issues, and crop diseases. The survey results revealed that farmers
considered either one or multiple factors simultaneously when applying each on-farm
adaptation strategy. The section below presents the role of climatic and non-climatic factors
in inducing each on-farm adaptation response.
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Table 2. The role of climatic and non-climatic factors in motivating on-farm adaptation measures.

O.n Farm ‘ Motivation f(?r Taking On-Farm Respondents Respondents (%)
Adaptation Strategies Adaptation Measures (Frequency)
Adjusted planting dates Climate-related factors 335 88%
To take market opportunities 216 56%
Other 23 6%
Changed crop types Climate-related factors 203 84%
Poor soils 166 68%
The low market price of some crops 161 66%
Labour constraint 144 50%
Some crops do not provide better yield 103 42%
Pest and disease 88 36%
Small land 69 28%
Other 44 18%
Diversified crops To minimize market risks 117 77%
Climate related factor 108 71%
To control pests and diseases and improve soil fertility 77 50%
To balance food demand 73 48%
Other 15 10%
Adopted improved seeds Seeking better yield 121 82%
Climatic factor 111 76%
High market demand 80 55%
Improved seeds resist disease 48 33%
Other 16 11%
Adopted irrigation Climatic factor (erratic rains) 72 87%
The desire for more income 53 64%
Government support 50 60%

Note: Multiple responses were possible.

3.3.1. Adjusting Crop Planting Dates as an On-Farm Adaptation Measure

As can be seen in Figure 2, adjustment of crop planting dates was one of the most
practised adaptation strategies in the study area. Of those farmers who used this strategy;,
the majority (88%) mentioned climate change as one of the triggering factors (Table 2).
Participants during the focus group discussion mentioned that they changed crop-planting
dates following seasonal weather conditions (i.e., the onset of seasonal rains). Depending
on the onset of the first few rainy days, farmers of the study area shifted crop planting dates
in the short (Belg) and long rainy seasons (Meher). One of the surveyed farmers explained
this as follows:

Normally February is the month I plant teff [Eragrostis tef] during Belg (the short
rainy season). But these days the weather is so unpredictable. If the rain comes
earlier than February, I plant teff immediately. If it does not come on time, then
I wait until it rains either in March or April. Some years the Belg rain does not
come at all. In this case, I would wait for the onset of Meher season rainfall.
(Respondent # 35, Household Survey).

As can be seen in Table 2, over half of the respondents (56%) adjusted plant growing
periods to take advantage of market opportunities. This is particularly the case among
vegetable producers, who adjusted plant-growing periods by planting vegetable seeds
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at different times in a sequential manner rather than planting them all at once (i.e., plant
staggering). This strategy was an income-smoothing mechanism in the face of market
uncertainties. As vegetable growers illustrated:

The problem in our area is that most farmers plant vegetables at the same time. As
a result, there will be excess supply in the market and the price of vegetables goes
down. I used to plant vegetables during wet seasons, but now I have shifted the
growing period to dry season using irrigation. The profit is good when you grow
and harvest vegetables in the dry season. (Respondent # 57, Household Survey).

I have started planting tomatoes in three rounds. If the market price for tomatoes
become cheap in the first-round harvest, it might go up in the second or third
round. (Respondent # 225, Household survey).

3.3.2. Changing Crop Types as an On-Farm Adaptation Strategy

Farmers’ motivation for changing crop types was diverse. Of those farmers who prac-
tised the strategy, 84% stated climate related factors (Table 2). For example, one of the survey
respondents reported that he switched from Zama maize variety to Melkasa 1-6 (SADVIB#)
as the latter one is drought tolerant. He explained:

I do not plant Zama anymore. Because when there is water shortage [drought]
the plant quickly dies. Melkasa is better as it can survive even when drought is
severe. (Respondent # 22, Household Survey).

As shown in Table 2, 68% of farmers reported soil fertility issues as one of the driving
forces for making the change. Throughout the survey period, some farmers indicated that
they had switched from sorghum to teff (Eragrostis tef) because sorghum required more
reguid (fertile soil) than teff. On the other hand, 66% of farmers decided to change the crop
type they use because the price of some crops in the local market was very low or there was
no market demand. Interviewed farmers during the survey commonly reported that they
had switched from a sorghum variety known as america to other sorghum varieties (e.g.,
kodem, aba ora, and keye mashela), as the price of america was lower in local markets. For
example, at the time of the study, kodem Sorghum used to be sold at 18 ETB/Kg, compared
with the america variety which sold only for 13 Birr/Kg. As such, both climate factors as
well as non-climate drivers coalesced to impact farmers’ livelihoods and drive adaptation
practice in a way that reflected their adjustments based on both dynamics.

Of those farmers who changed crop types, 50% stated that labour constraints were
one of the motivating factors for making changes. During focus group discussion, it was
mentioned that some farmers switched from using cereal crops to pulses when they lacked
labour-power. This technique was particularly practised by older farmers and female-
headed households. For example, one old farmer during the survey stated:

Growing teff requires high labour-power. I must plough the land five to six times
before I plant the seeds. It also requires high labour input for weeding. As I am
very old now, I do not have the energy to grow teff anymore. I have switched to
pulses because they require less labour. (Respondent # 70, Household survey).

Yield-related factors further motivated 42% of smallholder farmers to change crop
types (Table 2). During the focus group discussion, it was noted that farmers in the study
area were abandoning the Zama maize variety and planting melkasa (SADVIB#) as it
provided better yield. This was also raised during focus group discussion. For example,
one of the participants estimated that up to 40 quintals/ha could be harvested from melkasa
(SADVIB#) compared to the 25 quintals/ha which were gained from Zama. Some farmers
(36%) mentioned making changes to crop varieties to control the spread of pests and
diseases. During focus group discussion, it was reported that farmers were switching
from a local maize variety to barley due to an outbreak of kurtim (crop disease). On the
other hand, 28% of those who changed crops reported using the strategy because of land
shortage (Table 2).



Sustainability 2022, 14, 5715

10 of 20

3.3.3. Crop Diversification as an On-Farm Adaptation Strategy

In the study area, crop diversification was a common adaptation strategy, particularly
practised by farmers who owned a relatively large holding (>1 ha of land). These farmers
diversified into two or more different crop types, depending on the size of their farmland.
Of those farmers who reported using a crop diversification strategy, 77% indicated using it
to minimize market risks and thereby stabilize farm income (Table 2). A higher proportion
of households who did not read and write (30%) tended to diversify crops to minimize
market risks compared with those who could read and write (24%) (x? =9.330, df = 4,
p = 0.05) (Table S6).

In the words of a farmer who diversified crops for a market reason:

I always grow three different types of crops in three different plots; if the market
price of one crop type goes down, I might still get a better profit from other crops.
(Respondent # 44, Household survey).

As shown in Table 2, climate-linked factors were vital motivation for a large number of
smallholder farmers (71%) to diversify into more crops. Focus group participants explained
that farmers minimized the risk of complete crop failure by choosing to grow different crop
types. As one FGD participant explained:

I grow four different crops [sorghum, teff, barely, maize] each season. If drought
occurs, Sorghum and teff tolerate the stress better than barley and maize. So, I
may not lose all the planted crops. If I am lucky and there is no drought in that
season, I get a good harvest from all the crops. (Participant #3, FGD).

As also seen in Table 2, 50% of the households used crop diversification to control
crop pests and diseases. Farmers who used this practice stated that they grew legumes
(particularly peas and beans) and cereal crops in the form of intercropping. Those who did
not read and write (20%) were more likely to diversify crops to control pests and diseases
than those who could read and write (12%) (x* = 12.2, df = 4, p = 0.01) (Table S6). Less than
half of the surveyed farmers (48%) stated that one of their reasons to diversify into more
crops was to balance their food demand. For example, teff was primarily used to make
flatbread called Tayita, pulses were used to make stews, and sorghum was mainly used to
brew the local drink.

Climatic and non-climatic factors combined to influence farmers’ on-farm adaptation
options. For example, focus group participants noted how the occurrence of drought
in 2015 interacted with non-climatic factors (low soil fertility and high prevalence of crop
diseases) to force local farmers to shift from a crop diversification strategy to other non-farm
adaptation options.

3.3.4. Adoption of Improved Seed Varieties as an On-Farm Adaptation Measure

As shown in Table 2, of those households who adopted improved seeds, 82% indicated
they used the strategy to obtain better yield while another 76% mentioned climate-related
reasons. Focus group discussion participants noted that plant-growing seasons were be-
coming shorter and shorter as the rains in the local area were coming late and ending early.
In response, some farmers were using fast-maturing improved varieties. Of the survey
respondents who adopted new improved seeds, the often-cited improved seed was melkam
(a sorghum variety, WSV 387), favoured for its drought-tolerant and fast-maturing nature.
As one sorghum grower explained:

The reason why I chose to plant melkam [improved sorghum variety] is that
it is drought resistant as compared to local sorghum varieties. It is also fast
maturing. It can be harvested quickly within three months without requiring
more rainwater. (Respondent # 66, Household survey).

Moreover, 55% of the household reported using improved seeds to take advantage
of market opportunities. In the focus group discussion, it was revealed that some farmers
adopted an improved teff variety known as dukem (DZ-01-974), as the crop gave better yield
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and demand was high in the local market. Table 2 further shows that some households
chose to adopt improved seed varieties to reduce the spread of pests and diseases in planted
crops. According to one of the surveyed farmers who adopted improved seeds, melkam
(WSV 387) better resisted hetela tekely (smut disease) compared with degalit, which was a
local improved seed variety.

In most cases, climatic and non-climatic factors interplayed to shape the adaptation re-
sponses of smallholder farmers. During focus group discussion, some participants recalled
how the 2015 drought event interacted with a non-climatic factor (the intensification of
crop diseases in the same year) and influenced them to adopt more improved seed varieties
(e.g., a sorghum variety, WSV 387) that were both drought tolerant and simultaneously
disease resistant.

3.3.5. Using Irrigation Farming as an On-Farm Adaptation Measure

Among farming households who used irrigation, the majority (87%) adopted the
strategy in response to erratic rains. For example, one farmer who was then using irriga-
tion said:

I cannot depend on rain-fed agriculture completely. Irrigation farming is not
without risk, but at least I do not worry about crop failure in case the rain does
not come. (Respondent # 114, Household survey).

In addition, over half of the respondents (64%) further indicated that their decision to
use irrigation facilities was motivated by a desire to increase agricultural incomes. During
focus group discussion it was noted that relatively better-off farmers could invest the
required capital to adopt irrigation as an adaptation strategy. For example, one wealthy
farmer stated:

I can only harvest once or twice a year if I depend on rainfed agriculture.
That is why I rented farmland that has irrigation access. I can harvest and sell
high-value crops three times a year and earn more money. (Respondent # 25,
Household survey).

Government support was another impetus for using irrigation-farming for smallholder
farmers (60% of the respondents). Irrigation schemes were a poverty reduction intervention
implemented by the Tigray regional government [74]. At the time of the study, there were
eight small-scale irrigation sites in Hade Alega. However, not all farmers were beneficiaries
of the scheme due to the limited number of irrigation water points. Overall, the findings of
the focus group discussion suggested that in most cases farmers considered both climatic
and non-climatic reasons concurrently to make a final decision on whether to use irrigation
facilities as an on-farm adaptation measure.

3.4. Types of Non-Farm and Off-Farm Adaptation Strategies

As shown in Figure 3, temporary migration was the most common non-farm adaptation
strategy and was conducted by over half of farm households (65.3%). In addition, 27.8% of
survey respondents had participated in off-farm adaptation strategies, which mainly in-
volved working on other agricultural farms and collecting and selling firewood. Further,
12% of the households had been involved in at least one of the following non-farm adap-
tation strategies: owning small shops, selling local food and traditional alcohol drinks,
and wage employment (Figure 3). The survey results showed no significant association
between the key socio-demographic variables (i.e., gender, age, education, and income) and
the farmers’ non-farm and off-farm adaptation responses (Supplementary Materials File S1).
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Figure 3. Smallholder farmers’ non-farm and off-farm adaptation strategies. Note: * includes owning
small shops, selling local food or traditional alcohol drinks, or wage employment. ** involves working
on other agricultural farms and collecting and selling firewood.

3.5. The Role of Climatic and Non-Climatic Factors in Motivating Non-Farm and Off-Farm
Adaptation Measures

Similar to the on-farm adaptation measures, the driving forces that motivated non-
farm and off-farm adaptation measures were multiple. In Table 3 below, climatic and
non-climatic factors (landlessness, desire to earn more income, family reasons, agriculture
market instability, and lack of alternative employment options) triggered farmers’ non-farm
and off-farm strategies. The sub-sections below describes the role of these different factors
in motivating each measure.

Table 3. The role of climatic and non-climatic factors in motivating non-farm and off-farm adapta-

tion measures.

Type of Strategy Reasons for Conducting the Strategy 1({;:5;;1;:3:;)5 Resp(?;:)d ents
Temporary migration Land scarcity/landlessness 221 85%
Unfavorable climate condition 192 75%
Lack of employment opportunity 178 68%
To repay fertilizer debt 157 60%
Family reason 125 48%
To pursue education 102 39%
Other 25 9.6%
Other non-farm/off-farm strategies In response to unfavorable climate conditions 130 82%
Poor agricultural markets (low profit from agriculture) 126 76%
Desire to earn more income 106 67%
Lack of access to agricultural land or land shortage 81 51%

Other 9 6%
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3.5.1. Temporary Migration as a Non-Farm Adaptation Strategy

Survey respondents who used temporary migration as a non-farm adaptation strategy
were asked to indicate reasons for their migration decision. In Table 3, the majority of the
households (85%) cited land scarcity/landlessness as their motivation for their migration
decision. For example, one survey respondent explained why his two sons migrated to
Addis Ababa as follows:

My grandfather used to own sufficient land [3 ha]. My father inherited one
hectare of land from my grandfather, and I got 0.5 hectares of land from my father.
I gave my son 0.25 hectares of land when he got married. Now I am left with
0.25 ha of land. I cannot divide this land anymore. This is the reason why my
two sons migrated to Addis Ababa. (Respondent # 330, Household survey).

As Table 3 shows, the majority of smallholder farmers (75%) also indicated climate-
related factors as justification for using migration as an adaptation strategy. During focus
group discussions, participants explained that during extreme drought periods, temporary
migration was a common strategy employed by household members to support livelihoods.
For example, of the surveyed respondents who answered ‘unfavourable climate conditions’
as a reason for migration, the 2015/2016 drought was mainly reported as a driving force for
their migration decisions. One household head during the questionnaire survey explained
the reason for his migration decision as follows:

The 2015 short rainy season was very disappointing which caused poor harvest.
So, I decided to migrate to Mekelle city to do some temporary jobs and send
money to my family. I returned to my village after the situation improved. It was
an important decision. Otherwise, it would have been difficult for us [the family]
to cope with the drought event. (Respondent # 56, Household Survey).

Apart from climate-related factors, 68% of the households also mentioned a lack of
local employment opportunities as a triggering factor for migration decisions, and another
60% migrated to repay debts associated with fertilizer loans. Further, 48% and 39% of those
who had conducted migration as an adaptation strategy cited family-related reasons and
education, respectively.

3.5.2. Other Non-Farm and Off-Farm Adaptation Strategies

Those respondents who conducted other non-farm or off-farm adaptation strategies
were asked to state their reason for engaging in those activities. As shown in Table 3 below,
82% cited climate-related factors as a reason for their involvement in non-farm/off-farm
strategies. For example, some farmers who diversified into non-farm activities did so with
the intention that when drought occurred in a particular year, non-farm activities would
provide alternative income sources to the household and help them overcome some of
the impacts caused by drought (e.g., food insecurity). For example, one of the survey
respondents stated his reason as follows:

My wife and I are currently doing both [farming and non-farm]. It is hard to
depend only on rain-fed agriculture these days. As you see, we sell food and
local drinks in this small restaurant. When it is a drought year and farming is
not promising, we can still feed our children and send them to school from the
money we make from this business. (Respondent # 120, Household survey).

As seen in Table 3, 76% reported a poor agricultural market as a reason for their
engagement in either non-farm or off-farm adaptation measures. One farmer who ran a
small grocery store in Hade Alega explained his reason as follows:

Farming is a difficult task. I put a lot of effort to produce crops. But after
all the hard work, the profit is minimum, and it is also hard to predict the
market situation. I get a steady income from this grocery store, and it helps
me to overcome my financial difficulties when I lose money from agriculture.
(Respondent # 15, Household survey).
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Table 3 indicates that 67% of the households had engaged in other non-farm/off-farm
work to earn more income. On the other hand, slightly over half (51%) of the respondents
indicated a lack of access to agricultural land (land shortage) as a reason for their engage-
ment in other non-farm/off-farm activities. The focus group results suggested that farmers
with a shortage of farmland worked for domestic and international investors engaged in
agricultural business and/or for local farmers who were unable to farm for various reasons.
One survey respondent who worked for farmers in a local area stated:

My land is small ... it does not provide a good harvest. In rainy seasons, I work
on my farm as well as for those who are incapable of farming [e.g., for older
people]. This way, the landlord pays me in the form of money or sharecropping.
(Respondent # 54, Household Survey).

During focus group discussion, some of the participants highlighted how climatic
factors (the 2015 drought) compounded by non-climatic factors (low profit from agricultural
products) affected farm income and pushed farm households to look for off-farm adapta-
tion strategies (i.e., collecting and selling firwoods). According to FGD participants, the
2015 drought was severe and thus crop production was poor both in quality and quantity.
As a result, the market prices of agricultural products were very low compared to the
previous years. Farmers during that particular year therefore engaged more in off-farm
adaptation measure to compensate the loss of income associated with the climatic risk.

4. Discussion

Our study corroborates other studies which show that both climatic and non-climatic
factors operate independently or in association with one another to shape the adaptation
responses of smallholders [60,72,75]. In addition to climatic factors, non-climatic factors
(such as market-related forces, issues pertaining to land, declining soil fertility, labour
shortages, and biotic factors) have been important drivers of smallholder adaptations. It
was identified that the adoption of non-farm adaptation strategies was largely motivated
by non-climatic factors (landlessness, desire to earn more income, family reasons, agricul-
ture market instability, lack of alternative livelihoods, etc.), while on-farm methods were
adopted largely because of climate-related factors. Notwithstanding this, there were in-
stances where farmers tended to engage in adaptation (be it on-farm, non-farm, or off-farm)
in response to the outcomes of the interplay between climatic and non-climatic factors. For
example, some respondents alluded to the fact that they were using temporary migration
because of unfavorable climatic conditions that made farming unviable. In search of alter-
native jobs, they migrate to perceived areas of greener pastures. Consequently, for the sake
of sustainable adaptation, it becomes imperative that researchers and practitioners answer
holistically the question of “adaptation to what?” [76] (p. 229), as smallholder farmers are
not adapting to only climatic factors.

The findings indicated that smallholder farmers were responding not only to climatic
and non-climatic challenges but also to opportunities. Interestingly, it was found that the
unviability of farming due to droughts presented some households the opportunity to send
at least one member to cities to pursue education. Moreover, as this study demonstrated,
farmers experimented and adopted different seed varieties, relying on their extensive
farming experience and considering various opportunities (e.g., market profitability, better
yields, irrigation facilities, etc). This suggests that farmers rationally and actively respond to
opportunities, and they are not simply passive victims of the challenges posed by climatic
and non-climatic conditions. This finding has important implications for adaptation policies
and interventions. It suggests that the focus of adaptation policies and interventions should
not be limited to addressing climate change-related risks and challenges. Instead, equal
focus should be given to exploiting farmers’ ingenuity and indigenous farming knowledge
and enhancing their existing local opportunities.

Beyond farm-related adaptation measures, the findings indicate that smallholder farm-
ers’ decisions rely on available non-farm and off-farm adaptation options. These options
(e.g., owning small businesses) contribute to farmers’ adaptive capacities in the face of
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climate-linked risks. However, climate-related policies in Ethiopia lend a substantially
heavier emphasis to agricultural-related adaptation measures than non-farm and off-farm
strategies [77,78]. We argue that equal emphasis should be given to non-farm and off-farm
strategies to support farmers in diversifying into alternative income generation activities,
particularly during agricultural off-seasons. Compared with agricultural adaptation mea-
sures, non-farm adaptation strategies are less sensitive to climate change impacts, and thus
they have the potential to effectively support smallholder adaptation [79,80].

These findings largely highlight the positive outcomes related to the adaptation mea-
sures of smallholder farmers. However, some of the adaptation strategies could be beneficial
or effective in the short-term, but maladaptive in the long run. Selling firewood, for instance,
is one of the short-term strategies that bring quick cash and thereby support the farmers
in managing climatic and non-climatic stresses. However, in the long-term, this strategy
could lead to maladaptive outcomes as it may result in the loss of forest ecosystem services.
For this reason, policy efforts that are aimed at facilitating smallholder adaptations need to
recognize the risks of maladaptation and work towards avoiding them [81,82].

It is imperative to mention that some socio-demographic characteristics of farmers
were found to be significantly associated with some adaptation decisions. These included
education level, age, family size, gender, and income level. Results of this study suggest that
the probability of crop diversification is greater for those who are uneducated compared
with those who have some level of education. In contrast, most studies indicate a positive
association between education level and adaptation decisions [83-85]. It is argued in other
studies that educated farmers are more perceptive, better informed, and have the ability to
understand and react quickly to socio-ecological changes than less-educated farmers, and
thus adapt more [86,87]. In this study;, it is possible that uneducated farmers had limited
opportunities compared to those who had some level of education, and thus they relied on
their existing resources (e.g., land) to diversify into more crops to sustain their livelihoods.
The finding that uneducated farmers diversified to minimize market risks and control
pests and diseases more than those who had some level of education suggests a tendency
of avoiding risks at all costs due to their limited options beyond farming practices. The
findings also show that, compared to younger farmers, a higher proportion of relatively
older farmers used crop diversification strategies. In line with other studies [88,89], this is
expected because older farmers have more experience in farming and accumulated skills in
adaptation practices. The significant association between household family size and one
of the adaptation choices (crop diversification) was also expected given the link between
family size and labour endowment, which enables farm households to engage in various
agricultural tasks [83,90]. The findings indicate that male-headed households are more
likely to employ crop diversification strategies and adopt improved seeds and irrigation
than female-headed households. Female-headed households in Ethiopia experience various
economic, socio-cultural, and institutional challenges [91], and therefore they may not adapt
as readily to climatic and non-climatic factors compared to their male counterparts. Finally,
the results suggest that those households with less income tend to adjust crop planting
dates compared to those who belong to a higher income group. Studies indicate that
households with higher incomes are more likely to use their financial resources to adopt
various adaptation practices [70,90]. However, in this study, the adjustment of crop planting
dates did not require financial investment. Hence, it is not a surprise that households that
belonged to the less-income category were using the strategy to a greater extent.

Overall, our findings imply that adaptation policies and interventions need to em-
brace holistic decision-making processes that acknowledge that climatic and non-climatic
factors are inter-related and require integrated policy responses. Such integration will
have positive implications for rural development and smallholder livelihoods as well as
providing benchmarks for inter-connected adaptation policy in countries such as Ethiopia.
Particularly, adaptation policies in Ethiopia should focus on integrating climate-specific
interventions (e.g., climate information service provisions) with non-climatic interventions
(e.g., market information services, the installation of irrigation facilities, and the facilita-
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tion of rural land access) to enhance smallholder farmers” adaptive capacity to climate
change and reduce their overall vulnerabilities. For example, the crucial role of climate
information in adaptation decision-making has been recognized in both scholarly literature
and adaptation policy [92]. However, climate information services are largely missing for
Ethiopian smallholder farmers [36,93]. Planned adaptation interventions therefore need
to place adequate emphasis on the dissemination of essential climate services at the local
level. Parallel to climate information services, the provision of market information ser-
vices to smallholder farmers would be very useful. Most smallholder farmers in Ethiopia
walk long distances to access market information. This is largely attributed to poor rural
infrastructural development across the country (e.g., poor roads and a lack of transport or
mobile networks) [94]. Adaptation policies and interventions should therefore focus on
improving smallholder farmers” access to market information through private and public
investment in the mobile industry and the establishment of mobile market information
services. This will assist smallholder farmers in receiving general market information as
well as specific climate-related information that will invariably have direct implications
on climate change adaptation. In addition, the development of irrigation infrastructure
would certainly facilitate smallholder adaptations. However, it requires higher financial
investment [95]. Without external support, the majority of resource-constrained Ethiopia’s
smallholder farmers are unlikely to adopt irrigation on their own. Thus, adaptation policy-
makers and practitioners should mobilize domestic and international climate finance to
support irrigation development and meet the needs of resource-poor households. Finally,
to address the issue of land shortage/landlessness, it is important that adaptation policy-
makers give particular attention to improving land access in rural Ethiopia. In the Tigray
region, for example, communal lands are not fully utilized [96]. This necessitates the need
to distribute these types of lands to enable the adoption of on-farm adaptation strategies
(particularly crop diversification) among land-constrained farmers and thereby increase
their resilience against climate-linked risks.

5. Conclusions

Adaptation policies, particularly in developing countries such as Ethiopia, often
consider the risk of climate change in isolation, when in reality, farmers, as was shown in
this paper, are responding to risks and opportunities from multiple sources (transcending
non-climatic and climatic spheres). The paper highlighted how various climatic and non-
climatic factors operate either in isolation or in concert to shape smallholder farmers’ on-
farm, non-farm, and off-farm adaptation responses. We found these adaptation measures to
be driven by climatic (e.g., drought and erratic rains) and non-climatic factors (e.g., limited
local employment options, market conditions, land shortage, soil fertility issues, and crop
diseases). Adaptation policies, therefore, need to recognize the multidimensional factors
that engender smallholder farmers’ responses in the design and implementation of locally
appropriate planned adaptation interventions.
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