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Abstract

Farms less than 2 hectares have constituted almost 90% of the total number of
farms in Ethiopia. These small farms are rain fed and are vulnerable to cli-
mate change and variability extremes such as droughts. This in turn under-
mined the ability of smallholders’ farmers to feed themselves and the growing
population. A questionnaire survey was conducted with a random sample of
355 smallholder farmers distributed in three agro-ecologies, namely, lowland,
midland, and highland in central rift valley of Ethiopia (Arsi Negele district).
This was supplemented with 18 focus group discussions and 30 key informant
interviews. How do smallholder farmers live with climate change and varia-
bility challenges? On the basis of this question, this study has assessed the
factors that determine the adaptive capacities, strategies and livelihoods of
smallholders to climate change and variability; and the role of climate capaci-
ties and landscape functions for sustainable adaptation in response to climate
change and variability. The results showed that even if most respondents
(>95%) have the perception and intention of climate change; it was nearly 3%
of them have higher adaptive capacity to adapt to climate change impacts.
Adaptive capacity of smallholders and the potential impact exerted by climate
change risks were negatively correlated (r = —0.134 and p < 0.02). The results
showed that farmers have made some evolution in their livelihoods as an
adaptation strategy. Adaptation strategies explicitly depend on adaptive ca-
pacity-human, natural, financial, social and physical resources. Indeed, the
results indicated limited climate-specific and climate-relevant capacities at
the local level which suggests a need to strengthen climate capacities. Moreo-
ver, it has been implicated that maintaining the landscapes, which provide
landscape production functions that build the well-being and adaptive capac-
ity of farmers, could help to sustain farmers’ livelihood and build their adap-
tive capacity to withstand the challenges of climate change.
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1. Introduction

Ethiopia is an agrarian country at which most of its agriculture is practiced by
smallholder farmers to feed the population. This practice is particularly vulnera-
ble to climate change and variability extremes such as droughts [1]. Climate
change is undermining the ability of smallholder farmers to feed themselves by
welfare losses. Farmers have accustomed to modifying their agricultural practic-
es to deal with climate change and variability impacts [2] [3]. However, these
farmers’ practices have been overlooked from policy and extension [4] rather
than integrating them with modern agricultural practices in order to bring more
robust adaptation against the impact of climate change and variability [5] [6].
Climate change is a development issue for Ethiopia and as a result the country
has set climate resilient green economy strategy to meet its goal of becoming a
middle-income country by 2025 [7].

To lessen the impacts of climate change and variability extremes, smallholder
farmers need to have the recognition of climate change that is already taking
place and undertake appropriate intervention in adaptation in order to live with
the changes. A portfolio of adaptation strategies alone without the amalgamation
of technological development and research, combined policies and actions at
multiple scales, and integrated governance between public, private and civic in-
stitutions cannot withstand risks of climate change [8] [9].

Smallholders, as the name indicates, are farmers who lead their livelihood on
small farms. These farms, when summed up, accounted for more than 80% of
the world’s total farms [10]. In Ethiopia, where farms smaller than 2 hectares
constitute almost 90% of the total number of farms [11], small farms are very
fragmented and are mostly rain-fed. The land ownership distribution in Ethiopia
ranged from 0.12 ha for the bottom quartile to 2.53 ha for the top quartile with
respective productivity distribution of USD 3.13-444.01 [12]. This was very small
as compared to other African countries. A knock on impact of changes in ex-
treme weather events on crop and animal productivity, food security, income
and overall well-being combined with the low affluence of smallholder farmers
to adapt to an impact has made them more vulnerable. To curb the impacts of
climate change and variability that smallholder farmers face, Ethiopia should de-
sign an adaptation policy that overlies with the principles of sustainable adapta-
tion [13] [14] (Figure 1). This, with capable institutions, could provide stable
conditions and support for making the livelihood assets of smallholder farmers
more resilient to climate change [15] [16]. However, there was imbalance of

credence between mitigation and adaptation at the COPs meetings until Lima
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processes, which can create both positive
and negative feedbacks

Sustainable

adaptation
Integrates local knowledge into Acknowledge different values and
adaptation responses- recognizes that interests - recognizing differential
successful responses involve integrating interests and potential value conflicts, and
local knowledge with other sources of identifying how these may influence
knowledge about climate change outcomes

Figure 1. The cornerstones of sustainable adaptation (adapted: [13] [14]).

2014 by giving more weight to mitigation. This international inclination also in-
fluences individual nation’s climate change policy to incline towards the same path
[17]. And this national action has similar impact when devolved to local levels.

Smallholder farmers’ livelihood has been triggered by land degradation [17]
[18] [19] [20], deforestation [21] and loss of biodiversity [22]. This requires an
integrated farming landscape management and an ecosystem based adaptation
approaches to enhance smallholders’ resilience to climate change and variability
impacts.

There are studies in Ethiopia that have dealt on the determinants of adapta-
tion choice of smallholder farmers [23]-[28]. There were also government initia-
tives such as the Growth and Transformation Plans I and II and the Climate Re-
silient Green Economy strategy of Ethiopia which aimed to boost smallholder
farmers’ production and making agriculture green [29]. Indeed, landscape func-
tions and the variation across agro-ecologies, existing interventions and their
role in climate change adaptation and mitigation, and their sustainability from
institutional, economic and environmental perspectives to enhance smallholder
farmers’ livelihoods is not well documented. This particular study, however, was
aimed at to assess the determinants of adaptive capacity of smallholder farmers
which also determine the choice of an adaptation strategy by smallholder far-
mers. It also aimed at how landscape functions and climate capacities are in-

fluencing the adaptive capacity of farmers.

2. Material and Methods
2.1. The Study Area

The study was conducted in Arsi-Negele district which is located in West Arsi
zone of the Oromia Regional State, Ethiopia. The district is located between
7.15°N - 7.75°N latitudes and 38.35°E - 38.95°F longitudes. The district’s aver-
age annual temperature varied from 10°C - 25°C, while annual rainfall varied
between 500 - 1000 mm. The altitude of Arsi Negele district ranges from 1500 to
3000 meters above sea level. The topography encompasses the three lakes,
namely, Langano, Shalla and Abijata in the central rift valley floor and extended

to the eastern escarpment of the rift valley (Figure 2).
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Figure 2. Map of the study area (Kebeles: 1 Mudi Arjo; 2 Shalla Billa; 3 Sirba Lenda; 4 Meko oda; 5 Meraro Hawilo and 6 Gode

Duro).

According to Ethiopian Central Statistical Agency’s (CSA) reports [30] [31],
the total population of Arsi Negele district was 137,228; 198,307; 260,129 and
338,967 respectively (c and p indicating censuses and projections, respectively).
These reports showed that the population of the district has increased by more
than double between 1994 and 2016. The land forms in the study area cover flat
slopes in the rift floor including four major lakes; and extend to the eastern es-
carpment of the central rift valley of Ethiopia with gentle slopes and mountains.
The dominant soil types are andosols and nitosols [32]. The major livelihoods
are crop cultivation (wheat, maize, tef) and livestock rearing (cattle, goats and
sheep). The former dominates in the midland and highland agro-ecologies and
the latter in the lowland agro-ecology. The forests in highland agro-ecology and
the woodlands in lowland agro-ecology have been declined from time to time

due to population growth, agricultural expansion and fuelwood collection [33].

2.2. Sampling Design

Arsi Negele district was purposely selected for the study based on the represen-
tativeness of lowland, midland and highland agro-ecologies. Six kebeles, the
lowest administrative division in Ethiopia’s geopolitical administration, two each
from each agro-ecology, were selected after the reconnaissance survey of the dis-
trict. From 4257 households in the six kebeles during the survey period, 355
were selected representing the population on the basis of normal distribution
with confidence level of 95% and margin of error 5% followed by finite popula-
tion correction (FPC) to get the true sample (Ze. n = (s x N)/(s + N—1); where: n
is true sample, s is sample of 50% distribution ~ 385, N = 4257) [34] [35]. Then

proportional numbers of households at each kebele were randomly selected.
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2.3. Data Collection

Key informants interview: Farmers who are knowledgeable about their commu-
nity situation, local natural resources, climate conditions, the culture of the
community, overall development and the respective changes in these were se-
lected by snowball method [36] [37]. And they were willing to share their built
up knowledge and experience to the interviewer.

Household survey: A questionnaire survey was conducted with a random
sample of 355 smallholder households distributed in three agro-ecologies,
namely, lowland (n = 104), midland (n = 103), and highland (n = 148) in Arsi
Negele district, central rift valley of Ethiopia. The interviews were designed in
semi-structured and structured forms and were translated into local lan-
guage— Afan Oromo.

Focus group discussion: Three groups per kebele, at which each group con-
sists of 8 - 10 peoples, were formed. The members of a group were selected pur-
posely and were made to include women, elders and youth in order to obtain
accumulated knowledge and views across these social groups. The focus group
discussions have made use of participants’ feelings, perceptions and opinion
about local climate capacities, resource conditions, potential of interventions in
the landscape for climate change adaptation and mitigation and their sustaina-
bility form ecological, economic and institutional dimensions, and landscape
production functions. To rank a landscape as less or high relevant for a particu-
lar function, discussants have used numbers of farm plots and farmers engaged
in crop farming to rank farming functions; numbers of livestock and herders
engaged in livestock rearing to rank livestock husbandry functions; number of
sacred places and potential recreation and tourism sites to rank cultural func-
tions; numbers of hot spots areas and potential forests as water sources to rank
conservation functions; and share of protected areas to rank habitation func-

tions.

2.4. Data Analysis

Descriptive and econometric data analysis methods were used. Descriptive me-
thods were used in the expression of household incomes, opinions of farmers in
adaptation process and livelihoods evolution as well as adaptation strategies. The
existing interventions in the landscape functions and benefits of landscape
components were described qualitatively in the form of tables and diagrams. An
econometric data analysis was applied to quantify the value estimates of the
adaptive capacity indicators. Households were interviewed on what determines
them to implement adaptation strategies against the impacts of climate change
and variability. The explanatory variables (n = 23) which can determine the de-
pendent variable (levels of adaptive capacity of households) were prioritized.
The dependent variable was expressed in ordinal scale, while the explanatory va-
riables can be continuous, dummy, ordinal or nominal. The multi-nominal lo-

gistic regression (MNLR) model was used to see the correlation of each expla-
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natory variable with the dependent variable as expressed by logistic Equation (1).
The explanatory variables, which were scaled, have been normalized to calculate
the adaptive capacity index of each household by PCA method.

Logit(Y)zLN(P/l_P):ﬂo+ﬁ|X| +ﬁzXz+"'+ﬂX +é& (1)

n

where: Y is the dependent variable (adaptive capacity); £, is the constant or the
intercept of Y; B, B, - B, are regression coefficients to be estimated; X, X, -- X,
are the independent variables (determinants of adaptive capacity); P is the pre-
dicted probability of having a medium or higher adaptive capacity by a house-
hold for a particular determinant of adaptive capacity with the reference catego-
ry of lower adaptive capacity; 1 — P1is the predicted probability of not having a
medium or higher adaptive capacity by a household for a particular determinant
of adaptive capacity with the reference category of lower adaptive capacity; (/1
— P) is the odds ratio; 1, 2, 3, ---n is number of observations; and ¢, is error term
of the i™ household. In addition to the MNLR analysis, binary logistic regression
was used to determine the odd ratios of farmers’ opinions in climate-relevant

and climate-specific capacities at local level.

3. Results
3.1. Adaptation Process and Adaptive Capacity

Most of the respondent farmers in the study district, in all agro-ecologies, have
percieved the rality of climate change and variability. More than 95% of the res-
pondents have willingness and intention to adapt the climate change impacts.
Neverthless, its nearly 60% of the respondents that have adaptive capacity to
adapt climate change impacts (Figure 3). The majority of the farmers (74%), in
the highland agro-ecology, have adaptive capacity to adapt climate change and
environmental risks. However, farmers with low and medium adaptive capaci-
ties have accounted 72% of this summation. And it was only 2.5% of the farmers
have higher adaptive capacity in the highland agro-ecology. Farmers who have
higher adaptive capacity in lowland and midland agro-ecologies have accounted

only 5% and 1%, respectively.

# Satage 1 -Perception of the change

100
& # Stage 2 -Intention toward the change
é 80 ;
H i oo B Stage 3-Capacity to adapt the change
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2 60
£
S
=)
< 40 A
[
o
& 20 -
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Lowland Midland Highland Overall
Agro-ecologies

Figure 3. Adaptation stages in different agro-ecologies in Arsi Negele district.
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The results showed that adaptive capacity modulates farmers’ vulnerability to
climatic and environmental risks by lowering the potential impacts exerted by
exposure and sensitivity. The impact score difference between potential impact
(impact without adaptation) and residual impact (impact with adaptation) was
the impact avoided by adaptation (Figure 4). Adaptive capacity of households
and the potential impact exerted by climatic and environmental risks were nega-
tively correlated (r = —0.134 and p < 0.02). That is, households with higher adap-
tive capacity were less impacted than those with low adaptive capacity. When the
potential impact was higher, the residual impact was also higher (r* = 0.99 and
p < 0.001).

3.2. Adaptation Strategies

Focus groups discussants and key informants explained that the 2015 El Nifo
event (extreme drought) has severely hit farmers’ livelihood. It has caused death
of crops before maturity, lead farmers to have low crop production, and at the
same time it has caused death of livestock thereby farmers get low revenue and
become more vulnerable to drought shocks. This was exacerbated by the lower
scope of irrigation use by the farmers. The data sourced from the agriculture
bureau of the district also showed that the production of major crops have been
declined in 2015, with a total loss of 30,571.85 tonnes (17.4%). The impacts of
the loss of crop production and/or livestock vary between households. For in-
stance, an asset loss of a cow due to drought has a higher impact on poor
households than richer households. Focus group discussants and key informants
have depicted that, richer households might loss more assets during drought ep-
isodes than the poor, however, in terms of livelihood impacts; it’s the poor
households that are highly hit. This implied that impacts are determined by
adaptive capacity of a household. Households in different agro-ecologies
adopted differnent adaptation strategies in order to maintain their livelihood
from climatic shocks, such as drought. The potential adaptation strategies used by

farmers include, but not limited to, crop diversification, use of improved seeds,

——Potential Impact ——Residual Impact
0.60 -

0.50 -

Impact avoided by adaptation

0.40 -

0.30 -

0.20 -

0.10 -

Impact scores

0.00 -
-0.10 . 51 101 151 201 251 301 351

-0.20 -
Households ascended by their vulnerability by PI

Figure 4. Adaptive capacity in modulating households’ potential impacts.
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storing grain for hard time, shifting the crop sowing date with the shift of rain-

fall, tree planting and reforestation (Table 1).

3.3. Livelihood Evolutions and Drivers

Before thirty years ago, the opinions from focus group discussions, key infor-
mant interviews and household survey suggested that, households’ main activity
in the lowland agro-ecology was livestock rearing with local breeds. In the mid-
land and highland, the main livelihood activity was mixed farming, which was
also based on local livestock breeds and varieties of crops. In recent times, how-
ever, households in the lowland have become agro-pastoralist; even crop cultiva-
tion is going to dominate livestock rearing. In the midland and highland, food
crop cultivation, which was mainly barley, is now dominated by market crop
cultivation, such as ftef, haricot bean and variety of vegetables. In both
agro-ecologies, farmers have changed the use of local crop varieties with the use
of improved varieties of crops, which are short maturing, productive and
drought resistant. The rearing of local livestock breeds still dominates nowadays,
but some farmers have shifted to improved breeds. Interviewees asserted that the
most likely drivers in the shift of their livelihood to the new situation includes,
but not limited to, climate change, good production, better market opportunity,

good extension service and policy (Figure 5).

Table 1. Some of the prioritized adaptation strategies of farmers to climate change and
variability impacts.

Percentage of respondents agreed “yes”

. . Chi-square
Adaptation strategies Lowland Midland Highland  Total %)
(n=104) (n=103) (n=148) (N =355)
Crop diversification 93 98 98 97 277.513*
Use of improved seeds 96 99 94 96 273.800*
Use of improved livestock 46 56 73 59 5.513*
Migrating to other area during
69 57 46 57 110.450°
shocks
Use of irrigation 25 15 22 21 110.450°
Use of compost to boost crop
. 94 89 77 86 227.813%
production
Use of fertilizer to boost crop
X 39 98 97 79 108.113°
production
Tree planting 80 96 99 92 227.813°
Storing grains for hard times 96 100 95 97 281.250°
Use of improved livestock feeds 79 86 74 79 110.450°
Use of water harvesting 76 78 44 65 27.613°
Shift the crop sowing date with the
. . 100 100 90 96 273.800°
shift of rainfall
Reforestation 97 100 93 97 277.513°

a. No cells have expected frequencies less than 5. The minimum expected cell frequency is 178 for the total.
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Figure 5. Major drivers of agricultural livelihood evolution in the study
area (good production was steamed from better agricultural technologies
based on modern research and development of new cultivars).

3.4. Determinants of Adaptive Capacity

As the results in Section 3.2 showed, farmers might have several adaptation
strategies, but these strategies are explicitly depends on adaptive capacity. Say
tree planting for example, depends on factors of adaptive capacity determinants,
such as tenure security, access to land and finance. The adaptive capacities of
households have been determined by human, natural, financial, social and phys-
ical resources, depending on the context of a particular agro-ecology (Table 2).
On average, among the five domains of adaptive capacity indicators, human re-
source has contributed the highest share (47.33%) to households’ adaptive ca-
pacity, with the sub-indicators age of household head, farming experience and
educational level of household head have contributed 9.31%, 10.35% and 10.2%,
respectively. The second highest contributor to households’ adaptive capacity
was the natural resource domain (34.46%), by which the sub-indicators farm size
and farm land soil fertility accounted 9.13% and 10.24%, respectively. The F-test
showed that there is no statistically significant difference in the contribution of
the resource domains to households’ adaptive capacity between agro-ecologies
(p > 0.05), while the correlation is highly significant (r* = 0.99, p < 0.001).

The Econometric analysis of MNLR showed the likelihood ratio chi-square of
231.821 with a p-value < 0.001. This shows that the model as a whole fits signifi-
cantly better than a model with no predictions. In our model, the goodness-of-fit
table also shows a non-significant p-value of 0.921 (p < 0.05), indicating the
model fits the data well with 69.7% correct predictions. The model has displayed
the parameter estimates (Table 3), and some of the estimates are interpreted as
follows.

Age—A unit increase in the variable age was associated with a 0.09 decrease in
the relative log odds of being in higher adaptive capacity vs. lower adaptive ca-
pacity, and a 0.045 increase of being in medium adaptive capacity vs. lower
adaptive capacity. The relative risk ratio for a unit increase in the variable age
was 0.914 for being in higher adaptive capacity vs. lower adaptive capacity, and

was 1.046 for being in medium adaptive capacity vs. lower adaptive capacity.
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Table 2. Factors affecting household’s adaptive capacity in the study area (+sign positive
influence, —sign negative influence; sign conditionally influence either positively or ne-

gatively).
. !Contribution to
Adaptive . . . _— ,
. Prioritized adaptive capacity L Direction household’s
Capacity . description . )
o sub-indicators of influence adaptive
indicators X
capacity (%)
Age of household age Years (continuous) + 9.31
. . Years in farming
Farming experience . + 10.35
(continuous)
. Years of schooling
Education i + 10.17
(continuous)
Human

: Time lived in an
capital  Ppace attachment ratio . - 5.45
area/age (continuous)

1 male, 0 Female

Gender ] + 2.82
(Nominal)
Willingness & planning to
& P & 1 yes, 0 no (dummy) + 9.23
adapt
Farm size Hectare (continuous) + 9.13
Access to irrigation water 1 yes, 0 no (dummy) + 8.35
. . 0 infertile, 1 low, 2
Farmland soil fertility . R + 10.24
medium, 3 high
Access to forest resources 1 yes, 0 no (dummy) + 6.74
Credit and saving 1 yes, 0 no (dummy) + 0.76
Total income (farm & X X
Birr (continuous) + 1.05
non-farm)
Livelihood diversity index Index 0 - 1 (continuous) + 1.22
Membership in insurance
1 yes, 0 no (dummy) + 1.37
scheme
Training on climate variation 1 yes, 0 no (dummy) + 1.24
Membership in farm
. 1 yes, 0 no (dummy) + 1.07
Social organization
ital
capia . . 1 certified, 2 uncertified
Land certification . + 4.06
(Nominal)
Integrati f different
ntegration ? 1. eren 1 high, 2 low, 3 o
approaches in climate . + 1.97
. (Ordinal)
change adaptation
Access to market 1 yes, 0 no (dummy) + 2.07
Physical
ys‘lca Access to health care 1 yes, 0 no (dummy) + 1.10
capital
Access to farm inputs 1 yes, 0 no (dummy) + 2.30

Note: Birr is Ethiopian currency (1 USD = 21 Birr in 2015).

Gender—The relative log odds of being in higher adaptive capacity vs. lower

adaptive capacity will increase by 1.024, of being a MHH [gender = 1.00] than of

'Only from the prioritized adaptive capacity sub-indicators in the context of the study area.
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Table 3. Determinants of the adaptive capacities of households and their estimates from the multinomial logistic regression out-

puts.
Households adaptive capacity®
Variables Higher vs. lower adaptive capacity Medium vs. lower adaptive capacity
B S.E. Wald df  Sig. Exp(B) B S.E. Wald df Sig. Exp(B)

Intercept 3431 3009 1300 1 0254 2492 2293 1181 1 0.277

Age -0.090 0.047 3668 1 0.055 0914 0045  0.030 2.236 1 0.135  1.046
Landsz 0.402 0211 3625 1 0.057 1495 0233  0.180  1.666 1 0.197 1262
LDI -2423 2334 1078 1 0299 0.08  -0.678 1797  0.142 1 0.706  0.508
Education 0.016 0.076 0.046 1 0.830 1016  0.028  0.060 0216 1 0.642  1.028
Farmexp 0.101 0.051 3859 1 0.049 1106 -0.047 0.036  1.689 1 0.194  0.954
PAR -0.413 1713 0.058 1 0809 0.662 -0437 1267  0.119 1 0.730  0.646
[Gender = 0.00] 1.024 0718 2033 1 0154 2785  0.166  0.616  0.073 1 0.787  1.181
[Gender = 1.00] 0 0 0° 0

[Landcert = 1.00] -2.108 0.648 10581 1 0.001 0121 -1.097 0.508  4.664 1 0.031  0.334
[Landcert = 2.00] -0.475 0791 0360 1 0549 0622 -0.565 0.684  0.682 1 0.409  0.569
[Landcert = 3.00] 0° 0 0° 0

[Integration_Drisk = 1.00] 1.606 1089 2176 1 0.140 4981  -0394 0996  0.156 1 0.693  0.675
[Integration_Drisk = 2.00] 0.929 0528 3.09 1 0078 2532 0114 0418  0.075 1 0.784  1.121
[Integration_Drisk = 3.00] 0° 0 o° 0

[Acc_irrigation = 0.00] -0.215 0936 0.053 1 0818 0806 -1615 0.699  5.330 1 0.021  0.199
[Acc_irrigation = 1.00] 0° 0 o° 0

[Acc_Forests = 0.00] -1.446 0.660 4797 1 0.029 0235 -1260 0460  7.504 1 0.006  0.284
[Acc_Forests = 1.00] 0° 0 0° 0

[Acc_credit = 0.00] -0.388 0533 0.528 1 0468 0679 -0.141 0423  0.110 1 0.740  0.869
[Acc_credit = 1.00] 0° 0 0° 0

[Saving = 0.00] -0.323 0679 0226 1 0635 0724 -0583 0498 1372 1 0.241  0.558
[Saving = 1.00] 0° 0 o° 0

[Insurance = 0.00] -1397 0535 6819 1 0.009 0247 -0454 0402  1.275 1 0.259  0.635
[Insurance = 1.00] 0° 0 0° 0

[Training = 0.00] 0259 0701 0136 1 0712 1296 -0.112 0559  0.040 1 0.841  0.894
[Training = 1.00] o° 0 ob 0

[Market = 0.00] -0.758 1210 0392 1 0531 0469 -0.358 0.841  0.181 1 0.671  0.699
[Market = 1.00] 0o° 0 ob 0

*The reference category is lower adaptive capacity. "This parameter is set to zero because it is redundant. Note: R* = 0.514 (Cox & Snell), 0.587 (Nagelkerke).
Model i (56) = 231.117, p < 0.001.

being a FHH [gender = 0.00], and will increase by 0.166 of being in medium
adaptive capacity vs. lower adaptive capacity. The relative risk ratio for a FHH
was 2.785 for being in higher adaptive capacity vs. lower adaptive capacity, and
was 1.181 for being in medium adaptive capacity vs. lower adaptive capacity.
Integration of different risk management—The relative log odds of being in

higher adaptive capacity vs. lower adaptive capacity will increase by 1.61 if a
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farmer uses the highest level of integration of different approaches in climate
change adaptation [/ntegration_Drisk = 3.00] than using the lowest level [Infe-
gration_Drisk = 1.00]. The relative risk ratio of switching from the highest inte-
gration to the lowest was 4.981 for being in higher adaptive capacity vs. lower
adaptive capacity. In other words, the expected risk of staying in the higher
adaptive capacity was higher for households who use low level of integration.

Climate awareness—The relative log odds of being in higher adaptive capacity
vs. lower adaptive capacity will increase by 0.259 if a household gets training on
climate variation [#raining = 1.00] than a household that did not get training on
climate variation [training = 0.00], and will decrease by 0.112 of being in me-
dium adaptive capacity vs. lower adaptive capacity. The relative risk ratio for a
household that did not get training on climate variation was 1.296 for being in
higher adaptive capacity vs. lower adaptive capacity, and was 0.894 for being in
medium adaptive capacity vs. lower adaptive capacity.

Access to irrigation—The relative log odds of being in higher adaptive capaci-
ty vs. lower adaptive capacity will decrease by 0.215 if a household has access to
irrigation [Acc_irrigation = 1.00] than a household that has not access to irriga-
tion [Acc_irrigation = 0.00], and will decrease by 1.615 of being in medium
adaptive capacity vs. lower adaptive capacity. The relative risk ratio for a house-
hold that has not access to irrigation was 0.806 for being in higher adaptive ca-
pacity vs. lower adaptive capacity, and was 0.199 for being in medium adaptive
capacity vs. lower adaptive capacity.

Access to market—The relative log odds of being in higher adaptive capacity
vs. lower adaptive capacity will decrease by 0.758 if a household has access to
market [ Market = 1.00] than a household that has not access to market [ Market
= 0.00], and will decrease by 0.358 of being in medium adaptive capacity vs.
lower adaptive capacity. The relative risk ratio for a household that has not
access to market was 0.531 for being in higher adaptive capacity vs. lower adap-
tive capacity, and was 0.671 for being in medium adaptive capacity vs. lower

adaptive capacity.

3.5. Climate-Specific and Relevant Capacities

Focus group discussants have affirmed that there were limited climate-specific
capacities at local level (odds ratio = 0.335), by which climate change adaptation
initiatives are looked as side activity to other development program of the gov-
ernment. This type of development was perceived by farmers as it is not rapid,
inclusive, and climate informed and will descend climate capacities. Focus group
discussants also associated the lower climate capacities with the decline in aver-
age annual precipitation and increase of annual average temperature and fre-
quency of weather events above or below the thresholds. In addition, they stated
that decline in primary productivity (e.g. crop and livestock loss), per capita land
resources and per capita output of land, per capita water resources and increase

in economic loss have resulted in a decline of climate capacity. Similarly, focus
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group discussants mentioned that climate-relevant capacities were less likely
(odds ratio = 0.118) in the local level, except that there were good initiatives in
watershed development. The results showed that focus groups that have agreed
in the sufficiency of climate capacities in their locality were 0.204 times of the
focus groups that haven’t agreed in the sufficiency of climate capacities. This in-
dicates that climate-specific and climate-relevant capacities at the study sites

were associated with lower odds of outcome (Table 4).

Table 4. Agreement on climate specific and relevant-capacity by focus groups (1 = ade-
quate, 2 = inadequate).

Agreement 0Odds
Climate-specific capacity streams Likelihoods Total p % Odds ratio
1 2
Individual climate change skills of the
1 3 15 18 0.167 16.7 0.200 0.040
government staffs at local level
Organizational specific mandate on
1 1 17 18 0.056 5.6 0.059 0.003

climate change at local level

Level of co-operations among
organizations on climate change 3 8 10 18 0.444 444 0.800 0.640
issues at local level

Ability of mainstreaming climate

. . . . 3 7 11 18 0.389 389 0.636 0.404
change issues into policy-making
Community knowledge

. 4 14 4 18 0.778 77.8 3.500 12.25
about climate change
Subtotal 2 33 57 90 0.367 36.7 0.579 0.335
Climate-relevant capacity streams
Training opportunities to government

1 2 16 18 0.111 11.1 0.125 0.016

staff at local level

Compatibility of development and
climate change objectives of an 2 5 13 18 0.278 27.8 0.385 0.148
organization in the district

Integration of public practices and

. 2 5 13 18 0.278 27.8 0.385 0.148
policy
Tenure security 1 1 17 18 0.056 5.6 0.059 0.003
Community attitude toward

. . 4 11 7 18 0611 61.1 1.571 2.468
environmental protection
Subtotal 2 24 66 90 0.267 26.7 0.343 0.118
Grand Total 2 56 124 180 0.311 31.1 0.452 0.204

Likelihoods: 1 = not likely, 2 = less likely, 3 = moderately likely, 4 = likely, 5 = highly likely.

Forty-five percent of the respondents have agreed that collective actions are
the best solutions to tackle climate change and variability risks at local level.
About 6% of the respondents have suggested individual actions, while 49% of
them have agreed on both actions combined. As compared to the situations of
resource conditions before thirty years ago, the decline in forest, soil, water and
biodiversity resources have been perceived by 98.8%, 97.2%, 96.6% and 92.2% of
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the respondents, respectively, Ze. the current natural capital in those resources is
much less than the previous natural capital. This implies that climate-relevant
capacities are declining from time to time in the study district. Thirty-two per-
cent of the respondents have agreed that there was good institutional integra-
tion, while 68% of them have agreed that there was limited institutional integra-

tion towards adaptation planning in their local context.

3.6. Landscape Functions for Climate Change Adaptation

The results have shown that 90% of the income (subsistence + cash) for a
household came from livestock (43.7%), crop cultivation (34.3%) and forest
products (12%). Nearly 60% of the forest income came from trees outside fo-
rests. It has been found that the Gini indices of forest and farm incomes were
0.6658 and 0.4717, respectively. That mean, forest income distribution between
households deviated by 66.58% from perfect equality, and farm income distribu-
tion deviated by 47.17% from perfect equality (Figure 6). Forest income distri-
bution showed 19.41% higher deviation from perfect equality than farm income.
Forests provided an average monetary value (excluding intangible values) of
31,279 birr (USD 1489.5) per household yr™ for those households who have set-
tled at 0 < D < 2 km from a forest, and 2494 birr (USD 119) per household yr™
for those who settled at 4 < D < 8 km from a forest (Table 5). On the other
hand, agriculture provided an average monetary value of birr 40,454 (USD
1926.4) and 56,960 (USD 2712.4) for those respective distances of the same
households. From FGDs and key informant interviews, it was understood that
farmers that were settled nearer to a forest have extensive knowledge of the for-
est’s content and gave high value to the forest so that making less deforestation
pressure, while agricultural colonizers to forest have narrow knowledge of the
forest’s content but extensive knowledge of agriculture, and have created high
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Figure 6. The Lorenz curve farm and forest incomes distribution among res-
pondent households.
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Table 5. The relationship of households’ forest and farm incomes with distance (D) from

a forest.
Distance % of Average income/HH yr™' (Eth Birr)
from a forest sample Agricultural Forest Agriculture and forest
(km) HHs income (a) income (b) income (c=a +b)
0<D=<2 54 40,554.00 31,379.00 71,933.00
2<D<4 9.0 48,226.00 12,196.00 60,422.00
4<D<8 85.6 56,960.00 2494.00 59,454.00

1USD = 21 birr in 2015.

deforestation pressure leading greater modifications in the forest matrix. These
different values and interests affect adaptation outcomes of a household (Table
5). In this case, deforestation has a higher negative adaptation outcome for
long-settled households at the forest edge than those far away.

Respondents have expressed that households near the forest edge are less im-
pacted by climate variability because the forest can moderate the micro-climate
for them; they have access to different forest products that can supplement their
livelihoods including forest honey, medicinal plants, bush meat and wild edible
fruits, and they have access to opportunities for recreation and ecotourism. On
the other hand, households that are far away from forests have been deprived of
such benefits.

The results of landscape assessments with key informants, FGDs and observa-
tion have shown that the major landscape attribute in the study area are crop
farming, livestock husbandry, conservation, habitat and cultural functions. Far-
mers’ comparisons of these attributes based on five-point scale have indicated
the difference in the relevance of each function within and across agro-ecologies.
For instance, in the lowland agro-ecology, a landscape has higher relevance for
livestock husbandry and conservation functions; in the midland, for crop farm-
ing function, and in the highland, for crop farming and conservation functions.
The productivity and sustainability of each function will be determined by how
each component of the landscape is managed properly.

The results have shown that the sustainability of most of the interventions in
the landscapes of the study sites was less likely, and would lead to maladaptation
in the long-run (Table 6). Because the outcomes of these interventions in sus-
taining ecosystem services, improve livelihoods, enhance production and effi-
cient resource use were low to medium levels. Besides, 68% of the respondents
claimed that there was limited institutional integration towards adaptation plan-

ning and implementation.

4. Discussions

The study showed that different factors from each of the five capitals were found
to determine the adaptive capacity of smallholder farmers which also determine

the choice of an adaptation strategy by smallholder farmers which varied across
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Table 6. Observed interventions in the landscapes and their adaptation and mitigation
potentials for climate change (Focus group discussants’ opinion rankings).

Sustainabilit
Potential for u.s ama‘ nty
Interventions Key actors dimensions
CCA CCM ID ED SD Overall
Forest management
e Tree planting . Smallholders
. iii iv . 2 3 4 3
e Retaining trees on farm Communities
e Enclosure and restoration
Soil & Water M t
ot ater a'nagemen Smallholders
e water harvesting from . ..
iii iii  Public and civic 2 3 3 3
roof and flood rati
organizations
e Soil bund terracing &
Agricultural management
e New crop varieties Smallholders
e Crop rotation iii ii  Research institutions 2 3 4 3
e New fodder varieties Public organizations
e Intensification
Alternative livelihoods
Fuelwood marketi
° Letwoo mar‘ eting Smallholders
e  NTFPs marketing . . . -
K iv ii  Public and civic 2 2 4 3
e Pole selling (eucalyptus) .
. organizations
e Beekeeping
e Vegetable production
E initiati
nergy it 12,1 1v§s Smallholders
e Introducing improved . . L
. iii iv public & civic 3 3 3 3
cooking stoves .
organizations

e Solar dishes

Governance initiatives
Smallholders

e Land certification ii iii . L. 2 2 2 2
. Public organizations
e Land use planning

i = less relevance, v = highly relevance (CCA = climate change adaptation, CCM = climate change mitiga-
tion); 1 = less likely, 5 = highly likely (ID = Institutional dimension, ED = Environmental dimension and
SD = Socio-economic dimension).

agro-ecologies. Indeed, it also showed that landscape functions and climate ca-
pacities are influencing the adaptive capacity of farmers. The results of this study
showed that, most farmers (>95%) have perceived climate change and have in-
tention toward the change. However, it was very few of the farmers that have
adaptive capacities to adapt the change. Farmers have adopted different adapta-
tion strategies and manage the landscapes to avoid some of the potential climate
change impacts so as to live with the changes. Indeed, farmers have made an
evolution in their farming activities from traditional form to modern ones to
make their livelihoods more sustainable. This was in line with other studies [38]
[39]. The difference in adaptive capacities between agro-ecologies might be due
to the level of exposure to climate change and variability and their sensitivity to
that exposure as well as in the difference of the five capitals which determine
adaptive capacities.

This study and other studies [40] [41] [42] indicated that to benefit from the
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values of landscapes, such as economic, natural and social values, it needs people
and nature adapted management that integrate landscape planning approach
which could be locally adapted, much focused to nature and people.

The study has identified different factors that affect adaptive capacity of
smallholder farmers in the study area. The relative log odds of a household of
being in higher adaptive capacity vs. lower adaptive capacity, and medium adap-
tive capacity vs. lower adaptive capacity have come out with (+) or () signs of
different magnitudes. Also, the relative risk ratio for a household for a specific
factor has come out with different risk magnitudes. The study showed that there
were limited climate-specific (odds ratio = 0.34) and climate-relevant (odds ratio =
0.12) capacities in the study area. As shown in this study and others [43], cli-
mate-specific capacity can be steamed from, for instance, level of co-operations
among organizations on climate change issues, ability of mainstreaming climate
change issues into policy-making, and community knowledge about climate
change. On the other hand, compatibility of development and climate change
objectives of the government, integration of public practices and policy, and
community attitude toward environmental protection are examples of cli-
mate-relevant capacity. Intervention in the landscape such as proper forest,
agricultural, soil and water management and initiatives in alternative livelihoods,
energy and good governance have double benefits in building adaptive capacity
of smallholder farmers and resilience of the agro-ecology. This is in parallel to
the study by Munthali and Murayama [44] that indicated the interdependences
between smallholder farming and environmental management. Farmers re-
sponded that institutional integration, collective action and improvement of the
declining resources conditions in the landscapes could help to bring higher odds
of outcomes in climate-specific and climate-relevant capacities, and enable to
build the resilience and adaptive capacity of farmers.

Ninety percent of the income for households in the study area was come from
landscape production functions. Managing the landscapes, as this study showed,
has dual benefits (Table 7). The study by Driscoll et al [45] described that in
extensively modified landscapes, how the landscape matrix is managed deter-
mines many conservation outcomes. On one hand, it helps to maintain and en-
hance ecosystem services such as water and soil protection and biodiversity as
well as goods to sustain livelihood. On the other hand, it contributes to climate
change adaptation by increasing productivity of landscapes, enhancing the resi-
lience of agro-ecosystems, and reducing the vulnerability of rural communities
[7] [46] [47]. These entail that appropriate landscape management is key adapta-
tion measure [48]. The issues of food security, climate change adaptation and
sustainable development all revolve around a sustainable management of land-
scapes [49] and hence community’s resilience to climate change impacts.

Climate-smart landscape interventions as showed by this study, which en-
compasses climate-smart practices at the field and farm scale; management of
land use interactions at landscape scale to achieve social, economic and ecologi-

cal impacts; and diversity of land use across the landscape to provide resilience,
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Table 7. Benefits of components of landscape matrices in the study area.

Components of
landscape
matrix

Ecological benefits

Socio-economic
benefits

Implication for climate
change adaptation

Bamboo tickets

in the highland }
-Reduce soil erosion House a1‘1d fence people and ecosystems
construction
Eucalyptus . . -Income generation Builds resilience and
-Climate regulation . ]
woodlots ~Fuelwood and poles adaptive capacity of people
-Improve food
itv b di
-Carbon sequestration securt Y. ¥y providing
alternative food . s
Agroforestry . Builds resilience and
during drought . ]
(Parkland and adaptive capacity of
homestead) -Increases soil fertility ~ -Income, fuelwood people and ecosystems
-Increase
agrobiodiversity
Forest patches ~ -Regulate Reduce erosion Builds resilience and

in agricultural

-Regulate
micro-climate

micro-climate

-Income generation

Builds resilience and
adaptive capacity of

adaptive capacity of
people and ecosystems

landscapes -Habitat provision -Habitat for wildlife
-Regulate climate Builds resilience and
Woodlands -Fuelwood, NTFPs adaptive capacity of
-Habitat provision people and ecosystems
. -Timber and NTFPs Builds resilience and
Mountain -Regulate water . .
. . adaptive capacity of
forests quality and quantity
-Fuelwood people and ecosystems
-Agricultural Boost food

Managed farm
plots

intensification rather
than expansion which
leads to deforestation

production and
enhance food
security

Builds resilience and
adaptive capacity of
people and ecosystems

could have the co-benefits of resource and impact decoupling by increasing
productivity and as the same time curbs GHG emissions [50] [51].

The results of this study showed that key policy and institutional issues to be
considered for sustainable adaptation are weakly realized or inexistent at local
level despite that effective and efficient policy and institutional integration could
result in sustainable adaptation [52] [53]. In total, the availability and use of the
five capitals, taking action collectively or individually, the strengths or weakness
of climate-specific and climate-relevant capacities, awareness of the adaptation
process, the types of adaptation options undertook, the livelihood evolution un-
dertook by farmers, and how landscape production functions are managed could

determine the overall adaptive capacity of farmers.

5. Conclusion

The general well-being and adaptive capacity of farmers to the prevailing climate

change and variability impacts in the study area were mainly determined by the
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human, natural, financial, social and physical resources and how well they are
looked and accessed. These resources vary across agro-ecologies. The results
showed that enhancing the adaptive capacity of farmers can modulate farmers’
vulnerability to climate change risks by lowering the potential impacts. To come
out with tangible solutions, adaptation intervention should pass through the
process of farmers’ perception of climate change, their intention towards the
change and their capacity to adapt the change. Indeed, climate change impacts
are determined by adaptive capacity of a household to implement different
adaptation strategies as the change required. This in return requires effective and
efficient climate-specific and climate-relevant capacities, including boundless
institutional integration. In addition, most of the income sources for a house-
hold in the study area were derived from landscape functions. This makes the
management of these functions more important. Farmers have differing values
for forest and agriculture in a landscape which affects adaptation outcomes. This
study reminds that agricultural, forest, environmental and climate change poli-
cies should reinforce the rights of smallholders, especially of those most margi-
nalized, to access key resources provided by landscapes functions. At the same
time, development programs which pledge the sustainable use of landscapes
should simultaneously enhance food security and increase smallholders’ adap-
tive capacity in the face of climate change and variability. In order to build the
adaptive capacity of households to climate change impacts as this study showed,
there is a need to follow principles of ecosystem-based adaptation which is sus-
tainable, build climate specific and relevant capacities, and enhance the availa-
bility and use of the capital resources in adaptation planning and implementa-

tion.
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