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Abstract: Despite their ecological importance, dry forests' contribution to climate change adaptation
is often neglected. Hence, this study was initiated to assess the socioeconomic contribution of dry
forests to climate change adaptation in Tigray Region, Ethiopia. A mixed quantitative and qualita-
tive research design was used to examine the role of dry forests in climate change adaptation. A
household questionnaire survey, key informants, and a focus group discussion were used to collect
data. The results indicated that 94% of all households visited a dry forest at least once a month to
access the forest and forest products. While the dry forest income level varied significantly (p <0.05),
the overall dry forest income level contributed to 16.8% of the total household income. Dry forest
income enabled the reduction of the area between the line of equality and the Lorenz curve by 21%
in dry evergreen Afromontane Forest users, by 3.02% in Combretum—Terminalia woodland users, and
by 3% in Acacia—Commiphora woodland users. Gender, occupation, wealth status, and distance from
the forest to their homes are all factors that significantly affected Combretum—Terminalia woodland
users’ income level. Among Acacia—Commiphora woodland users, the respondents’ age influenced
the dry forest income level, whereas, among dry evergreen Afromontane Forest users, the family size
of the household influenced the dry forest income level. The findings of this study could help policy
makers understand the crucial role of dry forest income in the livelihood of the community and in
climate change adaptation. Policymakers could reduce the pressure on dry forests by introducing
policies that recognize the role of dry forest income in reducing poverty and income inequality and
by establishing farmer cooperation in commercializing the non-timber forest products which sup-
port the long-term coping and adaptation strategy. Further research is needed to understand the
increasing role of dry forest products in climate change adaptation over time and its contribution to
the national economy at large.

Keywords: dry forest income; livelihood; adaptation; climate change

1. Introduction

Supporting the livelihoods of roughly one billion people worldwide, dry forests
cover almost half of the world’s sub-tropical and tropical forests [1]. Around 320 million
people in Africa depend on dry forest resources [2], the majority being from Sub-Saharan
Africa [3]. In Ethiopia, with around 55 million ha covered by dry forest, it represents the
largest remaining forest vegetation in the country [4]. The dry forests are mostly located
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in the country’s dry and semi-arid lowlands, where rural peoples rely on agriculture, tra-
ditional pastoralism, and agro-pastoralism as their main sources of income.

Dry forests produce a wide variety of items that play a vital role in income generation
for households in developing countries [5]. The income generated by the dry forest is
greater than the sum of the income from other activities for lower income classes in the
western and southeastern parts of Ethiopia [6,7]. The forests also play a key role in reduc-
ing poverty and income inequality [6,8]. The available products provided by the dry forest
help the poorest people establish businesses that become a source of economic develop-
ment and poverty alleviation while facilitating rural-urban linkage [9]. In addition to in-
come generation, dry forest products contribute to local food security, particularly during
times of agricultural scarcity [10]. The diversified diet of dry forest products, such as wild
fruit, supplies nutrition to vulnerable communities [11]. Furthermore, the importance of
the forest on food quality among the poorer communities obtains more emphasis [12].
Over 100 million people in both urban and rural areas are predicted to be fed by the Afri-
can Miombo woodlands, the most extensive dry forest type in the African grassland and
woodland ecoregion [13-15]. Furthermore, the dry forest contributes to the safety net for
vulnerable households by providing cheap fuels such as firewood and charcoal [16].

It has been confirmed that, from theory, climate change model simulations and em-
pirical evidence show that warmer climates lead to events of reduced annual precipitation
and thereby increase the risk of drought [17]. In an indication of the relationship between
the global climate change scenario and drought incidents, studies confirmed that pro-
jected climate change impacts on drought patterns are vital to address the various risks of
future droughts [18]. The dryland regions in the Horn of Africa in general, and Ethiopia
in particular, are highly affected by recurrent droughts [19,20]. The increasing trend in the
intensity and frequency of droughts is exacerbating the vulnerability of the communities
[21]. The majority of the vulnerable communities in the dryland region of Ethiopia reside
in or near the dry forest, and, thus, its resources play a vital role by providing service,
especially in the drought season [6,22]. The provision of the ecosystem services provided
by the dry forest is highly resistant to droughts, supporting people by improving their
adaptive capacity in the face of climate change risks [23,24]. The provisioning services that
are commonly used by households are wild food, gum and resin, firewood, charcoal, and
fodders to maintain livestock assets [25]. There is growing evidence that dry forest eco-
system services help to reduce the sensitivity and improve the adaptive capacity of im-
poverished households and communities [6,26,27]. The differences in use patterns could
be due to social and economic backgrounds as well as closeness to the forest. This clearly
implies that a site-specific examination of forest dependency is required before imple-
menting policy and management interventions designed to promote sustainable resource
management that are tailored to accommodate intercommunity heterogeneity.

The vital roles of dry forests in increasing income and in mitigating poverty would
give additional weight to supporting climate change adaptation efforts and would con-
tribute to combat desertification [24,28]. Until recently, the dry forests in Ethiopia and
elsewhere in the Horn of Africa received less attention in national and regional planning,
thereby neglecting the capacity of dry forests in climate change adaptation and underval-
uing their contributions to long-term environmental management [6,24].

In international and national climate change mitigation negotiations, sustainable for-
est management is a key strategy that is promoted to reduce the negative impact of climate
change [29]. Dry forests contribute to the sustained provision of ecosystem goods and ser-
vices that can help people to adapt to and mitigate the local consequences of the changing
climate [30,31]. However, dry forests have not yet attracted the same international atten-
tion as humid tropical forests [32,33]. In Ethiopia, there is little empirical evidence demon-
strating the actual and potential contribution of dry forests to climate change adaptation.
Various studies in the region analyzed the occurrence of droughts using different climatic
factors. The commonly used six global factors (the SSTAs of the tropical Indian Ocean,
tropical Atlantic Ocean, tropical Pacific Ocean, Nino 3.4 region, Red Sea, and atmospheric-
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pressure-based SOI) and two local factors (Albedo and NDVI) confirmed the drought fre-
quency in the Tigray Region [34]. In the ground, the dry forests of Ethiopia are contrib-
uting a significant livelihood backup to the community during the recurrent drought oc-
currence as an impact of climate change. Therefore, this study depicted the socioeconomic
contribution of dry forests and forest products to climate change adaptation in the Tigray
Region which is one of the hotspots for the dryland forests of Ethiopia. Hence, this study
contributed to the national forest policy and climate change adaptation strategy of Ethio-

pia.

2. Materials and Methods
2.1. The Study Area

The drylands, including arid, semi-arid, and dry sub-humid areas of Ethiopia, are
estimated to cover 70 percent of the country’s total landmass. This study was conducted
in the semi-arid dryland of western, eastern, and northern zones of Tigray Regional State
of Ethiopia, geographically located at 12°15' to 14°57’ N latitude and 36°27’ to 39°59" lon-
gitude (Figure 1). The region is organized into six administrative zones with an estimated
population exceeding six million of which 80% live in rural area. The climate is predomi-
nantly characterized as tropical semi-arid with irregular rainfall and frequent drought pe-
riods [35]. The mean annual rainfall varies from 500 to 900 mm, and the temperature
ranges from 15°C to 25°C. The topography of the region ranges from massif highland of
3900 m.a.s.l to the northwestern lowlands where the elevation is as low as 500 m.a.s.l1 [36].
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Figure 1. Location of the study area in the different agro-semiecologies of Tigray Region, Ethiopia.

The vegetation in the study area principally comprises dry evergreen Afromontane For-
est, Combretum—Terminalia, and Acacia—Commiphora in Atsbi Womberta, Kafta Humera,
and Raya Azebo, respectively [36,37].
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2.2. Sampling Procedure and Data Collection

Multistage sampling techniques were employed to select study villages and respond-
ents based on their vegetation type, accessibility, dry forest endowment, and existence of
high-value dry forest species. Three study villages were selected from Kafta Humera
(KH), Atsbi Womberta (AW), and Raya Azebo (RA) Districts, which are characterized by
Combretum—Terminalia woodlands, dry evergreen Afromontane forest, and Acacia—Commi-
phora woodlands, respectively. A total of 170 households (i.e., 51 from Kafta Humera, 58
from Atsbi Womberta, and 61 from Raya Azebo) were randomly selected for a household
survey. In addition, from each district, 15 key informants and one focus group (6 members
per group) were purposely selected for more in-depth discussion. The key informants
were elders, local administrators, religious leaders, and youth representatives in each of
the study districts. The variations among households in terms of wealth were identified
using locally relevant wealth indicators [6]. All household interview questionnaires were
translated into the local language, Tigirigna, and a paper-based questionnaire was filled
out by enumerators. The key informant interviews and focus group discussions were also
conducted using the local language and were led by the researchers’ team. Participation
in the study was voluntary; all interviewees were informed about data protection issues
by the enumerators and gave their consent orally at the beginning of each interview.

Primary data collection was conducted in May 2020. The survey questionnaire had
different variables, including household characteristics, livelihood strategies, household
assets and income composition, expenditures, collected dry forest products, push and pull
factors conditioning dry forest income dependence, perception of climate change, major
threats, drought years, climate change coping, and adaptation strategies [6]. During the
household survey, the price of forest products and crop data were recorded using Birr
(the local currency in Ethiopia). Key informant interviews and focus group discussions
were used to understand the local context and to identify relevant criteria to categorize
households into different wealth groups.

2.3. Data Analysis

Based on the local key informant interviews and focus group discussions, wealth sta-
tus was categorized into four wealth groups, very poor, poor, medium, and rich, during
the quantitative data analysis. Data was compiled and managed using Statistical Package
for Social Sciences (SPSS); IBM Corp. Released 2011. IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp. The output of forest dependency was regressed
against selected explanatory variables: age, family size, landholding size, educational
level, occupation, sex, marital status, distance from the forest, and wealth status. Dry for-
est income was measured as a binary indicator of forest income, where 0 if forest income
=0 and 1 if forest income > 0. Binary logistic regression model was used to determine the
socioeconomic factors influencing households’ forest dependency [38]. These variables
were used as a proxy for socioeconomic status. The variables were chosen mainly because
they cut across the social and economic domains; hence, they provided a comprehensive
insight into the pattern of household forest dependency.

Total household income was calculated as the sum of total household subsistence
income and total household cash income from all income sources, including income from
dry forests. Spearman bivariate correlation analysis was applied to analyze the correlation
between forest income with on-farm and off-farm activities. Cash income included income
from the sale of forest products, while subsistence income was calculated as the value of
products being directly consumed by the household or given away to friends and relatives
as gifts multiplied by their local price per unit volume. Costs, such as purchased feed for
animal and farm inputs, were subtracted from the total. We considered the natural forest,
and labor was not considered as a cost. Various descriptive and statistical tests, including
ANOVA and t-tests, were employed to examine variation in dry forest income levels of
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households with different socioeconomic characteristics. Both Lorenz curve and Gini co-
efficient were computed to assess the income equalizing effect of dry forest income [39].
Below is the description of the model used to determine the socioeconomic factors influ-
encing forest dependency.

Logit (Y) = In (=) = &+ BXi + BXa
Therefore,
IT = probability (Y = outcome / X1 =x1, X2 = x2)

eO+BIX1+B2X2
1+ ea+B1X1+B2X2

where 7t denotes the probability of an outcome which is the households’ dependency on
forest; ot is the Y intercept; s are the regression coefficients; Xs are the set of explanatory
variables, age, gender, family size, wealth, landholding size, educational level, marital
status, and distance from the forest; and e = 2.71828 (natural logarithm base).

Age was taken as an indicator, as forest dependency in different households differed
based on how many years the household had lived in the area and had relied on the forest
product [40]. Gender was included as explanatory variable, as forest product gathering
differed according to gender [41]. For instance, some tasks, such as firewood collection,
exclusively belonged to women, whereas cutting wood for construction was tasked to
men. Single, married, and widowed households were different in the task segregation ex-
plained under gender. Thereby, marital status was taken as one of the socioeconomic
measures of forest dependency. Family size indicated the total number in household size
and its role in forest dependency. The family size could be the indicator for the level of
family engagement in the forest [40,41]. The level of wealth category was taken as indica-
tor for the level of forest dependency, where richer people might depend less as compared
to impoverished people. Landholding size denoted the total landholding size of the
household, which could correlate with the forest dependency. For instance, households
with larger landholding sizes may have depended less on forest products, as the land size
they held gave them an opportunity to diversify their income with on-farm activities [42].
Educational level was taken as an indicator, as the forest dependency of educated people
could be less dependent than that of illiterate people [43]. Additionally, the economic al-
ternative increased with education level. Dependency of the household on the forest could
be varied with distance from the forest. Thereby, the distance from the forest was consid-
ered as one of the indicators for the reliance of the household on the forest [44]. Table 1
presents the description and measurement of the explanatory variables used in the logit
model.

Table 1. Explanatory variables included in the logistic regression model.

Variable Description Measurement

Age Age of the respondents Years

Gender (dummy) Sex of the respondents 1 if male, otherwise 0

Family size Family size of the respondents Number

Wealth Wealth status of the respondents 0 if poor, 1 if medium, 2 if rich
Landholding size Landholding size of the respondents Ha

Educational level

Marital status
Distance from the forest
Dry forest income

0 if no formal education, 1 if pri-

Educational status of the respondents .
mary, otherwise 2

Marital status of the respondents 1 if marred, 0 if not
Distance from the forest on foot In minutes
In Ethiopian Birr
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3. Results

The results of this study were presented in explanatory texts and descriptive statis-
tics. Our results showed that the majority of the households participating in the survey
believed in the existence of climate change and the significant damage from climate
change on their crops and livelihoods. More importantly, the contribution of the dry forest
to the livelihood of the community was revealed by their dependency on the dry forest
and the frequency of their visits to access the forest and forest products.

3.1. Household Socioeconomic Characteristics

According to their places of origin, the sampled district originated from different
vegetation types: from Combretum—Terminalia woodlands (30%), dry evergreen Afromontane
forest (34%), and Acacia—Commiphora woodlands (36%). About 75% of the responding
households were male-headed. The average household age of the respondents was 48 +
14 years, and each respondent had resided in his/her current village for about 35 + 19
years. On average, the walking distance from a respondent’s residence to the nearest for-
est boundary took about 90 min. The wealth status of the households was defined differ-
ently by the communities in all three study sub-regions.

(i) KH: arich status was defined as having > 150 cattle, > 150 sheep, and > 30 ha of land;
a medium status was defined as having 100-150 sheep and cattle and 10-30 ha of
land; and a poor status was defined as having <5 ha of land.

(ii) AW: arich status was defined as having paired oxen; a medium status was defined
as having one ox; and a poor status was defined as not having oxen and farmland.

(iii) RA: a rich status was defined as having > 3 ha of land and two pairs of oxen; a me-
dium status was defined as having a pair of oxen; and a poor status was defined as
not having oxen and land.

Based on the above community-based wealth category, only 5.4% of the households
were rich, and the rest were medium (53%) or poor and very poor (41.6%). The detailed
heterogeneous characteristics of the 170 households are described in Table 2.

Table 2. Household (HH) characteristics of the three districts of Tigray Region, Ethiopia.

Variable KH AW RA Overall

= o/ . =
No. of respondents (by sex) 51 (M =84%; F =16%) 58 (M =72%; F =28%)61 (M =70%,; F = 30%) 170 (N[250/7§ to; B

(o]

Mean family size 63 7+4 9+5 7+4
Respondents’ mean age 47 +15 50+12 47 +12 48 +14
Mean landholding size (ha) 4.39 +3.48 0.36 +£0.22 1.00 £ 0.53 1.69 +£2.51
S:;?;‘;“ level (illiterate, 1st, 170 y5or and 8%  59%, 38%, and 3% 64%, 31%, and 5%  57%, 28%, and 5%

Occupation (farmer, business,
and others)

Wealth status (rich, medium,
and poor)

Distance to forest (pace) 97 + 63 77 £ 55 103 +£97 92 +74

94%, 2%, and 4% 96%, 2%, and 2% 100%, 0, and 0 97%, 1%, and 2%

4%, 62%, and 34% 7%, 31%, and 62% 5%, 67%, and 28% 5%, 53%, and 42%

3.2. The Perception of Climate Change and Its Impacts

Participants were asked about their perception of the existence of climate change to
analyze how they foresaw the importance of the dryland forest in climate change adapta-
tion. Out of all the respondents, 92.5% (KH = 86.2%, AW = 100%, and RA = 91.5%) per-
ceived the presence of climate change, 11.8% in KH said that they perceived no change,
while 2% in KH and 8.5% in RA were not sure about the existence of climate change as
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shown in Figure 2. The chi-squared statistics were significant (x2 =20.8, p <0.005) in asso-
ciation with Cramer’s phi statistic (¢pc = 0.351), indicating a strong relationship between
the district and the perception of climate change.

Do you think the climate has changed in the past 30 years?
Hves
60 LMo
M ot sure
30
E
=
g 40
=
[
o
P
]
,E 30
:
Z
20
107
0 L - ---------

T
EKafta Humera

T
Raya Azebo
Districts

I
Atshi Womberta

Figure 2. Household perceptions of climate change in Tigray Region, Ethiopia.

Out of all the respondents, 69% connected the presence of climate change with the
decrease in the amount and intensity of rainfall; 23% connected it with the increasing tem-
perature; and the rest connected it with irregular rainfall, wind speed, and other factors.

The chi-squared statistics showed a significant (x2 = 60.8, p < 0.001) association with
Cramer’s phi statistic (¢ = 0.605), indicating a strong relationship between the district and

the perception of climate change (Table 3).

Table 3. Most-perceived climate change indicators by the communities in three districts of Tigray

Region, Ethiopia.

) ) District
Climate Variables KH RA AW Total
Increasing temperature 22 10 6 38
High rainfall 3 0 0 3
Low rainfall 15 48 52 115
Irregular RF 6 0 0 6
Other (wind, heat wave, 4 0 0 4
frost)
Total 50 58 58 166




Forests 2022, 13, 2026

8 of 20

The respondents believed that climate change was caused by human activities, and,
for example, deforestation for agricultural expansion, firewood, timber, and farm tools
was believed to be the cause by 61.3%, 20.8%, 13.1%, and 4.8% of respondents, respec-
tively. Some respondents believed in more external drivers, such as a punishment from
God or natural hazards. During the focus group discussion, we identified the major recent
droughts in 2003, 2011, 2012, and 2015, and flooding was identified in 2008 in the KH
District. In the AW District, droughts occurred in 2008, 2012, 2016, and 2017, plus high
frost occurred in 2018. Whereas, in RA, droughts occurred in 1991, 1992, 2008, and 2015.
Among all of the households, about 74.5% of their livelihoods were highly affected by
droughts.

More than 82% reported that crops were highly vulnerable to climate change fol-
lowed by livestock production. Due to higher temperatures and low rain fall in the KH
District, Sorghum bicolour (sorghum) and Sesamum indicum (sesame) were the most vulner-
able crops; for the AW District, they were Hordeum vulgare (barley), Triticum aestivum
(wheat), and Pisum sativum (peas); and, for RA, they were Hordeum vulgare (Barley), Erag-
rostis teff (teff), and Sorghum bicolour (sorghum). With an average value of 3.32 TLU, sig-
nificant variations in livestock loss occurred due to drought-related risk across the three
districts (Figure 3). Of the livestock, cattle and sheep were highly vulnerable to droughts,
whereas goats were relatively resistant.

7—

Mean loss of TLU

<
NN N\

1 1
Raya Azebo Atsbi Womberta Kafta Humera

Districts

Figure 3. Livestock loss due to drought-related risks in the 2010s. (The tropical livestock unit (TLU)
is commonly taken to be an animal of 250 kg live weight.)
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From July to September, more than 52% of the respondents faced difficulties in cov-
ering their household food consumption by themselves. These months were the most se-
vere for the AW District followed by the RA District (Figure 4).

70
60 -
3
= 50 -
=
2
= 40 -
=
[
=]
5 30 -
=
g
Z 20
10 -
Jan Feb Mar Apr May Jun Jul Sep Oct Nov Dec
O Kafta Humera Bl Atsbi Womberta @ Raya Azebo
Figure 4. Food insecurity months of the three districts studied in Tigray Region.
3.3. Climate Change Coping and Adaptation Strategies
The households’ climate change coping and adaptation strategies were categorized
as livestock-based, crop-based, forest-based, and externally driven strategies. In these cat-
egories, sub-strategies were defined, and the households in the study sites were asked to
identify which sub-strategies were applied in the context of their households. The house-
hold respondents (58.1%) reported that both off-farm (wage and petty trade) and dry for-
est services and goods were less affected during the drought events. The prime coping
strategy used by many of the respondents in AW and RA was participation in off-farm
activities (77.6% and 34.4%). Meanwhile, the livestock and crop-based (35.7% and 35.7%)
strategies were used equally as prime coping strategies in KH, whereas forest-based cop-
ing strategies covered 16.7%, 14.8%, and 12.1% of the prime coping strategies in KH, RA,
and AW, respectively (Table 4).
Table 4. Household coping strategy to manage climate change impacts.
Copping Strate- . . No. of HHs in Each District (%)  Total HHs
No. Sub-Strat Applied
© gies up-otrategles Apple KH AW RA (%)
35.7 10.3 26.2 23.0
H - o )
' ! erd splitting, diversifying, and destock Yes Yes Yes
1 Livestock-based ing
L1V§stock intensification (fattening and Yes Yes Yes
selling)
Crop-based 35.7 0 24.6 18.6
2 ¥nten51f1cat10n of crop pr'o'ductlon (use of Yes No Yes
improved seeds and fertilizers)
16.7 12.1 14.8 14.3
3 Forest-based Increasing fuel wood Yes Yes Yes

Increasing charcoal collection Yes No Yes
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Extracting animal feed from the forest Yes Yes Yes
Wild food (fruit, seeds, leaves, honey, Yes Yes Yes
bush meat)
Increasing cc?llectlon and marketing of Yes No No
gum and resins
11.9 77.6 34.4 441
' Part1c1pat10r.1 in off-farm activities (labor, Yes Yes Yes
4 Externally driven sales, and pity trade)
Looking for aid, remittance/gifts No Yes Yes
Migration to other areas No Yes Yes
Source: Field survey.
Livestock-, crop-, and forest-based products were three adaptation strategies that
were equally applied to reduce the impacts of climate changes in the KH District. In the
AW District, off-farm activities were followed by livestock-based adaptation strategies,
whereas, in the RA District, the livestock-based strategy, followed by the crop-based ad-
aptation strategy and participation in off-farm activities, was adopted as shown in Table
5. More than 54% of the households’ selected adaptation and coping strategies were based
on their own indigenous knowledge obtained through consultation with elders and fam-
ily members. Only 13% of the respondents benefited from the climate forecast/early warn-
ing information from the districts’ agricultural expertise and the media. Table 5 shows the
major household adaptation strategies applied in order to reduce the impacts imposed by
climate change.
Table 5. Major adaptation strategies applied (%) to reduce impact of climate change in three districts
of Tigray Regional State.
No. Adaptation Strate- Sub-Strategies No. of HHs in Each District (%) Total
gies KH AW RA HHs (%)
27.8 19.0 29.9
Purchase of feed for animals Yes Yes Yes
Exchange of animals for cereals No Yes Yes
1 Livestock-based Store hay o . . Yes Yes Yes 24.5
Change in grazing itineraries (travelling further
. Yes Yes Yes
in search of forage and water)
Rotational grazing No Yes Yes
Livestock diversification Yes Yes Yes
27.8 13.2 27.9
Improved crop variety Yes Yes Yes
) Crop-based Chang.e planting date Yes Yes Yes 276
Diversify the crop Yes Yes Yes
Water diversion No Yes Yes
Irrigation Yes Yes Yes
27.8 17.2 16.4
Increasing fuelwood collection for sale Yes No Yes
Increasing charcoal collection for sale Yes No Yes
Extracting animal feed from the forest No No No
3 Forest-based Wild food (fruit, seeds, leaves, honey, bush Yes Yes Yes 19.4
meat)
ir;;:ir;e:smg collection and marketing of gum and Yes No No
Exclosure and reforestation with soil and water
Yes Yes Yes

conservation




Forests 2022, 13, 2026

11 of 20

4 Externally driven

16.7 50.0 27.9

Joining co-operative and credit unions Yes Yes Yes
Migration No Yes No
Food aid, credit, and inputs from the govern- No Yes Yes
ment
Food f k h f k f

ood for work or cash for work program from No Yes Yes
community organizations, NGOs, or PSNP
I:‘:Of)d aid, cre<.:11t, fil‘ld inputs from churches or re- No Yes Yes
ligious organizations 33.5
F hari if its f lati

(')od sharing, gifts, and credits from relatives or No Yes Yes
friends
Reduction in household food consumption Yes Yes Yes
Credit from banks or microfinance institutions Yes Yes Yes
Dropping out of children from school No Yes No
Seeking employment Yes Yes Yes
Giving daughter for marriage No Yes No
Making more savings Yes Yes Yes

Source: Field survey.

3.4. Contribution of Dry Forest to Climate Change Adaptation

Overall, four major sources of income, crops, livestock, the forest, and off-farm activ-
ities (casual work and petty trade), were identified. There was a significant association
between the district (X*(10) = 21.27, p < 0.05) and the income source type. The total house-
hold income source was estimated in Ethiopian Birr (ETB) in all study sites, and the results
showed that the greatest sources of a household’s total income in KH (425,932.94 ETB)
and RA (43,435.42 ETB) were from crop production followed by livestock, whereas in AW
(298,434.51 ETB), they were from off-farm activates and the forest. There is likely a signif-
icant difference in terms of dry forest income (p < 0.05). More than 94% of all households
visited the forest at least once a month for access to it and its products. About 43.5% and
35.5% of the households collected forest products once a month followed by their collec-
tion once a week, respectively. The contribution of the dry forest to household income was
about 24.4% in AW, 22.15% in KH, and 4.93% in RA (Table 6). More than 34% of dry forest
access was from women supporting their livelihoods. The dry forest was used for risk
reduction, as a means of income diversification, and for saving before the onset of a
drought. Similarly, based on our assessment, the dry forest also provided livestock fod-
der, especially during drought periods. In general, the compiled information from the
households, key informant interviews, and focus group discussions confirmed that there
was an increasing household dependency on dry forest income.

Table 6. Measures of forest income among 170 households of the three districts of Tigray Region,
Ethiopia.

Variable

Description KH AW RA Overall

Cash forest income
Subsistence forest income
Total forest income

Share of forest income

Dry forest income

Total annual household income from the

7.94 20. 105.1 741
sale of forest products (in ETB) 97:9 068 05.10 >
Total imputed annual value of forest prod- 1067 54 3953 84 120180 210045
ucts used by the households (in ETB) ' ' ’ ’
Combl'natlon of cash and subsistence in- 1165.49 3974 53 130690  2174.61
come (in ETB)

Total forest income divided by total income 2215 24,40 193 16.75%
(share)
Binary indicator of forest income: 0 if forest 0.67 0.93 0.98 0.81

income = 0; 1 if forest income >0

ETB: Ethiopian Birr.
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The contribution of each forest product was varied across vegetation types; for in-
stance, the contribution of timber and firewood was higher in dry evergreen Afromontane
Forests than in the two vegetation types. More than 51% of the households collected forest
products from state forests, and 34.7% collected from community forests. Most of the dry
forest and forest products were used for timber and firewood production. Their contribu-
tion to medicine, gum and resin, and animal feed were lower compared to others (Figure
5).

NN = Atsbi Womberta
BRaya Azebo

g & Kafta Humera

0 10 20 30 40 50 60

Figure 5. Proportion of households collecting forest products from dry forests in the three districts.

Overall, a total of 48 major species of dry forests were used for timber, firewood,
charcoal, wild edible fruits, animal feed, gum, and incense (Appendix A). This study con-
firmed that the dry forest contributed to minimizing the variation in total household in-
comes. The quantitative analysis of the different dry forest types showed a positive effect.
The Gini coefficient depicted that forest income in the study area contributed to narrowing
the gap between the line of equality and the Lorenz curve by 21% in AW, 3.02% in KH,
and 3% in RA, which is illustrated in Figure 6a—c, respectively.
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Figure 6. Schematic presentation of the Lorenz curve showing income equalizing effect of dry for-
ests in AW (a) KH (b) and RA Districts (c).

Generally, this study found that 53% of income from dry forests contributed to the
medium wealth group, and 41% contributed to the poor. However, the dry evergreen Af-
romontane Forest contributed to 62% of the poor wealth group in the AW District.

3.5. Socioeconomic Factors Influencing Household Dry Forest Income

A Spearman bivariate correlation analysis showed that the level of dry evergreen Af-
romontane Forest income was positively and significantly correlated with income from
livestock (p < 0.01) and crop production (p < 0.05) in the AW District. However, it was
insignificant for off-farm activities (casual and pity trade), remittance, and direct aid and
food for work programs. The income from Acacia—Commiphora woodlands was positively
and significantly correlated with income from livestock production (p < 0.05), but it was
negative and significantly correlated with income from direct aid and food for work pro-
grams (p < 0.05) in the RA District. Moreover, the income from Combretum—Terminalia
woodlands was not significantly association with the other sources of income. However,
this was positively related to livestock, remittance, and off-farm activities, but it was neg-
atively correlated with crop production and food for work programs.

Gender, occupation, wealth status, and the distance of the forest from their houses
were variables that significantly affected the income level from Combretum—Terminalia
woodlands in the KH District. The age of the respondent in RA and the family size of the
household in the AW District (Table 7) influenced dry forest income levels.
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Table 7. Household-level socioeconomic variables influencing level of dry forest income.

Kafta Humera, R? = 0.59

Raya Azebo, R?=0.19

Atsbi Womberta, R?2=0.30

Explanatory Variables Coef. t-Value p-Value Coef. t-Value p-Value Coef. t-Value p-Value
(Constant) N/A 2.859 0.008 N/A 0.973 0.336 -0.813  0.422
Sex -0.518  2.859 0.008**  N/A N/A N/A N/A N/A N/A
Occupation 0.053 -3.552  0.001*  N/A N/A N/A 0.285 1.810 0.079
Age -0.063  0.349 0.730 0.323 2.349 0.023* -0.141 -0.723  0.475
Educational level -0.045 -0.402  0.690 N/A N/A N/A N/A N/A N/A
Marital status -0.135 -0.257  0.799 N/A N/A N/A N/A N/A N/A
Landholding size 0.322 -1.023  0.315 N/A N/A 0.099 0.467 0.647 0.643
Wealth status -0.294  2.529 0.017* -0.180 -1.235 0.223 -0.153  -0.953  0.347
Distance from the forest -0.165  -2.056  0.049 * -0.136  -0.987 0.239 0.225 1.520 0.138
Family size -0.096 -1.162  0.255 -0.194 -1.324 0.192 0.364 2.453 0.019*

* Significant; ** highly significant at 5% level; N/A Not Applicable.

4. Discussion
4.1. The Perception of Climate Change and Its Impacts

Understanding the perception of climate change is crucial, as it influences individual-
and community-based adaptation. Coping and adaptation decisions mainly depend on
the perceived susceptibility to climate variability and change [45]. The vast majority of
respondents in the study area believed that climate change had occurred. Changes in tem-
perature and rainfall were recognized by the study participants, mostly in terms of
weather patterns, greater temperatures, below-normal rainfalls, short rainy seasons,
alongside the increased frequency and intensity of extreme weather events. Farmers” un-
derstanding of climate change was documented in similar ways in surveys conducted in
Ethiopia [46]. Our findings were also similar to those of previous studies that reported on
the southern lowlands of Ethiopia, where 88% of 359 respondents perceived a decrease in
rainfall [47]. Other studies in the Nile Basin of Ethiopia, based on a survey of 1000 house-
holds in twenty districts, reported a decline in precipitation and an increase in tempera-
ture between 1985 and 2005 [48,49].

Climate change has a wide range of effects on agriculture. Changes in the spatiotem-
poral distribution of rainfall, soil moisture availability, length of the growing season, pest
and disease incidence, and shifts in the optimal growing locations can all affect crop
productivity [50]. In addition to the direct effects of climate extremes, variations in the
availability of feed and water as well as the incidence of diseases have a significant impact
on livestock productivity. Farmers’ perception of the climate change impacts on agricul-
tural production in the study area showed that 82% of the respondents perceived that
crops, followed by livestock production, were highly vulnerable to climate change. A
large majority of the respondents perceived a considerable reduction in crop production
due to higher temperatures and reduced rainfall. Furthermore, many respondents also
perceived a decrease in livestock production due to droughts. Similar studies found that
the majority of respondents (77%) perceived a considerable reduction in crop production
[51].

Understanding the perception of climate change of these communities may influence
how they respond to and adapt to its effect. It is also helpful to understand the role of dry
forests in coping and adaptation strategies. Similarly, to execute suitable community-
based adaptation methods, it is necessary to understand the local perceptions of climate
change and to develop a consensus on the reality of its implications.

4.2. Climate Change Coping and Adaptation Strategies

Farmers have different coping and adaptation strategies to deal with climate change,
including recurrent droughts. The respondents in the study area used various methods to
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cope with the climate change effects, such as destocking, off-farm activities, gum and resin
marketing, other forest product collection, aid, migration, and other coping mechanisms.
These finding match with the findings [22] that households in dry forest areas used vari-
ous coping strategies such as destocking, off-farm activities, gum and resin marketing,
other forest product collection, aid, and migration at 82.2%, 48.6%, 69.8%, 81.9%, 76.4%,
and 84.8%, respectively. In other studies, households in the Nile Basin of Ethiopia used
nothing (51.3%), sold livestock (26%), and borrowed from relatives (10%) to cope with
extreme climate events [52]. Furthermore, a study conducted in a Kenyan district showed
that sales of assets, casual labor, food aid, reliance on friends and relatives, and migration
were coping strategies to address climate change [53].

Climate change adaptation has the potential to reduce the impact of the changes in
climatic conditions. Hence, studying the adaptation measures taken by communities is
important for developing sustainable strategies. Common adaptation strategies in this
study area included the use of improved crop varieties, changing planting date, diversi-
fying crops, water diversion and irrigation, exchanging animals for cereals, storing hay,
livestock diversification, increasing fuelwood and charcoal collection, gum and resin col-
lection, and area closure. Additionally, credit unions, migration, and food aid were also
used. Similar practices reported in empirical studies included cultivating different crops,
changing crop variety, changing planting and harvesting dates, planting trees, irrigation,
off-farm income diversification, conservation agriculture, as well as soil and water con-
servation [54-56]. In Africa, farmers routinely change their planting date by a month or a
year in response to rainfall variability [57].

4.3. The Role of Dry Forests for Adaptation Strategies

The dry forests, which occur in many parts of the country and have several months
of severe or absolute drought, are the dominant feature of landscapes in countries such as
Ethiopia. Due to their extensive distribution, importance to local livelihoods, and vulner-
ability to climate change, it is crucial to study the interaction between the dry forest and
communities, specifically with respect to recurrent droughts. According to the UN Con-
vention on Combating Desertification (UNCCD), enhancing the understanding between
dryland development, ecosystem management, and community resilience is crucial for
combatting desertification [58].

The results indicated that the reduction in crop production and the loss of livestock
were the main factors that decreased the livelihood coping and adaptation strategies. Fur-
thermore, the key informant interviews and focus group discussions indicated that the
droughts exacerbated community’s vulnerability. The livelihood dependence on the dry
forest has increased since 2000. For instance, the majority of respondents and key inform-
ants confirmed that the fodder production from the dry forest increased during drought
periods with increased grazing. Similar studies in the Negele Borana Zone showed that
most camels and goats survive the recurrent drought season by grazing on leaves from
the dry forest [22].

The respondents emphasized that the role of dry forests was increasingly important
for coping and adaptation strategies. Dry-forest-based income plays a crucial role in filling
the seasonal income gaps, especially if crop production and livestock decline during
droughts. Dry forests are essential for filling seasonal income gaps during drought peri-
ods in the drylands of southeastern Ethiopia [6]. Despite a reduction in head count pov-
erty in Ethiopia from 59% to 12% between 1992 and 2011, poverty in the study area re-
mains higher than the national average [59]. The incorporation of dry forest income helps
reduce poverty. Moreover, forests play an important role in coping with unforeseen gaps
in income (8). According to different studies, income sources of the households in the dif-
ferent study sites were listed as crops, livestock, and remittance. Some included aid-based
income as one of the sources, but forest income was often forgotten. This study revealed
that the contribution of dry forests to household incomes was 16.57%, whereby it showed
a great contribution as compared to the 10% contribution of the nonfarm income share by
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remittance in the region [60]. Moreover, the study revealed that, in KH, the forest income
share was about 28%, which was the same amount of income provided as that of crops
and livestock during drought occurrences. The addition of forest income in the study area
decreased the area between the line of equality, the Lorenz curve, and the Gini coefficient.
The study conducted in the drylands of southeastern Ethiopia indicated that the addition
of forest income reduced the area between the line of equality, the Lorenz curve, and the
Gini coefficient by 15% in Liben and 12.4% in Afder [61].

The contribution of the dry forest to household incomes differed within the districts.
The highest dry forest shares of household incomes were registered in AW and KH fol-
lowed by RA. The variation in the goods and services between the vegetation types might
have been related to the difference in the economic importance of tree species.

5. Conclusions

The aim of this study was to assess the socioeconomic contribution of dry forests to
the local communities living in the dryland ecoregion of the Tigray Region, Ethiopia. The
livelihood of the people in the study area depended on crop production, livestock rearing,
forest products, and nonfarm activities (casual work and petty trade). This study indicated
that the community relied on the dry forest for construction materials, fuel wood collec-
tion, gum and resin, wild fruit, honey, and charcoal. Our findings confirmed that dry for-
est products played an important role in the livelihoods of the households and in poverty
alleviation in the dryland area, where droughts are common phenomena and are expected
to be recurrent as climate change exacerbates the situation. The study results emphasized
the increasing role of dry forests for coping and adaptation strategies, especially during
the recurrent drought period when crop and livestock production were declining. Addi-
tionally, their role is increasingly important in filling the seasonal income gaps in this pe-
riod. Despite the important role of dry forests, this study revealed that increasing pres-
sure, due to recurrent droughts and population increases, will exacerbate forest degrada-
tion.

The current findings had broad policy implications, especially since the study re-
vealed the critical role of dry forest income in the livelihood of the community and in
climate change adaptation. If dry forest income is not considered in household incomes,
the poverty headcount ratio and income inequality rise. Better management of dry forests
is crucial for improving livelihoods while also ensuring long-term adaptation roles. Pro-
moting their integration into national, regional, and local development planning can help
to improve the sustainability of the dry forest. Various options are needed to find a bal-
ance between the increasing role of dry forests in climate change adaptation and forest
degradation. For instance, policymakers can reduce the pressure on dry forests by intro-
ducing agroforestry systems and by establishing farmer cooperation in commercializing
non-timber forest products such as gum and resin. Finally, more research is needed to
understand the increasing role of dry forest products in climate change adaptation over
time and to understand their contribution to the national economy at large.
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Appendix A

Table Al. Major dry forest species and their uses in the study area.

Used for
No. Scientific Name Local Timber Firewood Charcoal Wild Food Animal Gum .and
Feed Resin
1 Acacia etbaica dedeta v v v
2 Acacia melifera sebansa v v v
3 Acacia nilotica chea v v v
4 Acacia tortilis karora v v
5  Adansonia digitata Dima v
6  Anogeissus leiocarpa Hanse v v v v
7 Asystasia gangetica girbia v
8  Azadirachta indica Neem kolla v
9 Balanites aegyptiaca mekie v v v v
10 B?Citfm grandiflorum (Lam.) tebeb v v
Pichi-serm.
11 Boswellia papyrifera meger v v
12 Cadia purpurea shlen v v
13 Carissa edulis agam v
14 Celtis africana rowey v v
15 Combre.tum fragrans (C. tenkeleba v
adegonium)
16  Combretum aculeatum Muluo v v v
17 Commiphora quadricincta  Anqua v v
L may-
18  Cordia africana taroAwhie v
19  Dalbergia melanoxylon Zibbe v v v
20  Diospyros mespiliformis Aye v
21  Dodonaea angustifolia tahses v v
22 Erica arborea hasti v
23 Euclea schimperi kleaw v v
; Keyih
24 Euclyptus camaldulensis Kelamitos v v
25  Ficus sycomorus sagla v v
26  Grewia ferruginea tsimkuya v
. sreda/Tsihdi
27 Juniperus procera Habesha v v
28 géﬁ:ﬁ) ajlz (Thunb.) hatshats v v
29 Maytenus arbutifolia atat v
30 Meriandra bengalensis Meseguh v
(Konig ex. Roxb.) Benth.
31 Olea europaea subsp. Afri- Awlie v v v v
cana
32  Opuntia ficus-indica beles v v
33  Pennisetum sphacelatum  selah v v v
34  Rhus glutinosa A.Rich. tetaelo v v
35  Rhus natalensis atamin v v v
36  Rhus spp. mishela eiff v v v
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37  Tamarindus indica humer 4

38  Tarchonanthus camphorantusEibukk

39  Terminalia brownii weiba

40  Ziziphus spina-christi gaba 4

41 Unknown swansa

42 Unknown Awutelo 4

43  Unknown Tsekemto 4

44  Unknown mendae 4

45 Unknown biyanka/da- 4
yanka

46 Unknown agewdayo 4

47  Unknown tsera v

48 Unknown derasi
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