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Abstract: Drought is a long period of unusually low rainfall and can have serious effects on people's
lives. It is caused by various factors such as climate change, deforestation, and the overuse of water
resources. In the Somali region of Ethiopia, Kebri Dehar is the most at risk and most likely to have
a drought. The lack of rainfall and high temperatures in Kebri Dehar have led to drought. Managing
drought is the most challenging and complex problem. The purpose of this study is to assess
household perception of drought hazards occurrence and adaptation. Additionally, the study aims
to design a drought resilience mechanism matrix to mitigate its impact on the local community. This
study used the Heckman two-stage model, which is useful in measuring drought perception as it
accounts for potential selection bias and allows for the identification of factors that influence
individuals' perceptions of drought. Gender, severity of drought, water shortage, temperature,
drought frequency, and long dry season all have a positive effect on adaptation of resilience
mechanisms to drought hazards, while food availability and rainfall have a negative effect. It is
important for governments and individuals to act to mitigate the effects of the drought. Efforts to
address the issue require a multi-participation approach that involves household, community, and
institutional level participation is needed for adopting drought resilience mechanisms.

Keywords: adaptation; drought; drought occurrence; perception; resilience mechanism

1. Introduction

Drought has had an effect on many nations around the world. Drought is considered one of the
most challenging and difficult natural disasters to deal with [1]. Sub-Saharan African countries like
Ethiopia are the most vulnerable and prone to drought hazards, and [2,3] reported precipitation
variability and drought occurrence in the northern, eastern, and south-eastern regions of Ethiopia. In
particular, pastoralists are the most affected because of their fragile capacity to adapt. The national
economy, particularly agriculture and water resources, is affected by drought. Ethiopia is among the
most severely impacted nations in Africa by drought, according to the National Meteorological
Agency (NMA) [4], which reported that agricultural production, water resources, electricity
production, and water availability for industrial usage were affected by the drought. Drought caused
by the Indian Ocean between 2015 and 2017 affected southern Ethiopia, triggering the displacement
of more than 300,000 pastoralists in the eastern part of the Somali region. There were 131,000 new
displacements associated with drought in the region in 2019.

In 2022, more than 6.8 million Ethiopians who live in areas affected by drought need help right
away. Ethiopia’s pastoral population is vulnerable to a variety of threats. Drought is becoming more
frequent, and this, combined with an enfeebled asset base and poor coping mechanisms, has caused
high levels of risk. Droughts cause insufficient access to and availability of water. Rapid population
growth and a declining natural resource base have exacerbated the negative effects of recurrent
droughts [5]. Three failed rainy seasons in a row have caused severe drought in Ethiopia's Somali
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region, and several thousands of children and their family members are on the verge of starvation.
Due to a severe drought, the Somali region is suffering from a lack of clean water and food security,
which is causing an increase in malnutrition cases [6].

The focus of the study is to analyse the determinants of household perception and adaptation to
drought hazard occurrence. Heckmen's two-stage model was employed because it accounts for the
complex factors that influence people's response to drought, including individual characteristics and
external factors. Furthermore, the researchers developed a drought- resilience mechanism matrix
which would be helpful to recover drought hazards. This matrix helps communities in the Kebri
Dehar district in identifying the appropriate mechanism to be implemented based on the severity
level of the drought and react to lessen the effects of drought.

2. Drought Occurrence and Adaptation

Drought is a long period of not enough rain that causes a lot of crop damage and loss of yield
[7]. Most of the time, droughts can be found by looking at things like rain, temperature, evaporation,
river flow, or underground water [8]. Droughts are classified into four types: meteorological drought,
agricultural drought, hydrological drought, and socioeconomic drought. Each type of drought has
different characteristics and impacts on society and the environment. Droughts caused by the
weather are the most common and occur when there is a lack of precipitation over an extended period
of time. Droughts caused by people are often the result of overuse or mismanagement of water
resources. [9] the changing nature of a specific type of drought [10]. They used soil moisture data to
explain the Horn of Africa drought, indicating that it was a typical agricultural drought. According
to [11], variations in precipitation, temperature, and evapotranspiration are the main causes of
meteorological droughts in Eastern Africa.

Drought resilience necessitates a better understanding of the causes and effects of drought, as
well as the involvement of people and community-level actions. Strong public, government, and
stakeholder cooperation is also required in drought monitoring and management [12]. A study [13]
examined household perspectives on drought hazards and adaptive capacity to drought
management at two dimensional levels, namely region and community. Multivariate analyses were
used and documented; attempts were made in rural residences to predict perceived drought risk but
not adaptive capacity to the drought hazard. Additionally, the study emphasized the significance of
trusting local experience-based data and scientific facts for effective drought management. As a
result, one's level of confidence in local experience-based data tends to positively predict at least some
degree of adaptive capacity.

According to [14] a study on farmers' perceptions of drought risk found that, considering
objective factors, personal circumstances, and social influence, higher risk perceptions influenced
adaptation responses. Respondents' perception of risk also leads to higher levels of adaptive
capacity [15]. Adaptation is key to reducing the sector's exposure to drought. Public and private
adaptation initiatives are required for effective adaptation. The nexus of public and private
adaptation is a key topic in climate change economics. Understanding farmers' adaptive decision-
making is considered critical to developing effective public freshwater adaptation strategies [14] that
reduce the effects of drought. Both the temporal and spatial dimensions of drought should be
considered when managing drought risk. Early Warning Systems, Drought Monitoring and
Assessment, Drought Preparedness and Mitigation, and Response to Drought Hazards are the
essential components of a drought preparedness process [9]. In order to maintain water consumption
with fewer applications, irrigators can mitigate the effects of drought by adopting technically efficient
irrigation systems [16].

Many small dams reduce the water supply that farms and cities need. This makes the region
more resistant to drought [17]. Drought resilience is the ability of a system or community to
withstand, respond to, and recover from the effects of drought, including protecting and restoring
the necessary infrastructure and functions within a reasonable period of time [7]. Build resilience by
gaining knowledge, conversing out, doing research, and getting trainings can reduce the risk of
disaster by incorporating it into emergency preparedness, response, and recovery. Increased drought
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resilience can be appreciated by moving herds out of drought-affected areas and putting animals
there, as well as by making it easier for people to get to water points, emergency food stocks, and
veterinary services [18].

When drought risk is managed well, it can have important social and economic benefits, such as
making people more resilient to droughts and other social, economic, and environmental shocks. It
has the potential to reduce poverty and improve household food security. Drought resilience is the
opposite of drought vulnerability [19]. Resilience can be thought of as a measure of how quickly a
system gets back on its feet after a failure [20]. Work plans for potential droughts should include
mapping and monitoring drought risk. The implementation of risk management pilot projects ought
to be a top priority [21]. Drought is common in the Ethiopian Somali region. Because the Somali
Region's economy is oriented outwards rather than inwards towards Addis Abeba, it has few "coping
strategies" in response to these unpredictable policy shocks [22]. Following the 2015 drought, the
Disaster Risk Management Commission (DRMC) was established. The DRMC is now in charge of all
disaster emergencies. In the Somali region, the maximum frequency of severe drought events was
once in every two years [23]. Act Today Invest in Tomorrow (ACTED) conducted a drought needs
assessment in 2021 in Ethiopia's Somali Region, citing droughts as the major challenges for
communities to meet their food requirements. Drought and pasture depletion were causing
intercommunal tensions. Crop failures were caused by previous droughts [24]. Projects implemented
by Action Contre La Faim (ACF) in Kebri Dehar Woreda (districts) to help and restore rural
productivity affected by the Horn of Africa drought crisis [25]. The monitoring and modification of
WASH (Water, sanitation, and hygiene) efforts were crucial in ensuring that the drought response
was effective in supporting affected communities [26].

Numerous studies have examined the measurement of perception and factors influencing the
decision to adapt to drought utilizing diverse methods, such as multinomial logistic regression,
binary logistic regression analysis, the Protection Motivation Theory (PMT) model, multivariate
analyses, and principal component analysis (PCA) [27-33]. he perception and factors influencing
decision to adaptation to climate changes have analyzed using Inferential Statistics, Multivariate
Probit model, Weighted Average Index (WAI), and the Problem Confrontation Index (PCI) [34,35].
These models were used to identify the factors that influence adaptation strategies; consequently,
adaptation to the occurrence of drought required a two-stage decision-making process, and the
Heckman two-stage selection model was employed by few studies to resolve adaptation issues [37-
39]. Furthermore, these studies have shown that factors like education, household income, access to
information, and social networks play a significant role in determining the likelihood of adapting to
drought.

There are several independent variables that can influence the perception of drought, such as
socio-economic status, age, education level, Income, household size, cultural beliefs, personal
experience with drought, the frequency and severity of droughts in the past, the level of media
coverage, and the overall level of environmental awareness in given region can also play role in
shaping perception of drought [40—45]. However, it is difficult to identify a single independent
variable that consistently affects how individuals perceive and respond to drought conditions. Hence,
further research is needed to identify which variable(s) have the greatest impact on perception.

A review of the available literature reveals that there are studies on the causes and effects of
drought, as well as the elements and mechanisms of recovery in general. When the nature of the
drought is considered, there have been few studies on household perceptions and adaptation to
drought hazard occurrence and resilience mechanisms. The researchers identified a research gap in
the study area pertaining to drought hazards, how people thought about them, and how they adapted
to them. Taking care of the effects of future droughts in Kebri Dehar is essential to ensuring the
healthy growth and development of the economy and society. Hence this research study. There have
been very few research studies on perception and adaptation to drought hazard occurrence in the
Kebri Dehar; the current study primarily focused on measuring determinants of household
perception and adaptation to drought hazard occurrence.


https://doi.org/10.20944/preprints202311.0746.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 November 2023

3. Materials and Methods

3.1. Source

Kebri Dehar is one among the most drought affected area in the Somali region; therefore, it is
critical that appropriate resilience mechanisms be implemented to mitigate the severity of the
drought and ensure adequate interventions. The Kebri Dehar District was selected as the study
location due to this factor as well as the ease of access the researchers had to the area. Drought
classifications of high and medium intensity are documented subsequent to deliberations with
District Disaster Risk Management Bureau (DRMB) officials, consultations with meteorological
stations, and examination of pertinent official documents. There are 22 kebeles (villages) in the Kebri
Dehar district that are classified under different drought conditions based on the severity of the
drought conditions prevailing in the study area. There are two drought classifications observed and
recorded in Kebri Dehar district: high drought classification and medium drought classification
(based on water availability and access). Among the 22 kebeles, there are five kebeles under medium
drought classification and 17 kebeles under high drought classification. Two kebeles were chosen
from each drought categorization using stratified random sampling. One highly populated kebele,
namely Mara'to, with a population of 8406, and one low populated kebele, namely Qodaxley, with a
population of 1200, from the high drought classification; one highly populated kebele, namely
Dalaad, with a population of 10,626; and one low populated kebele, namely El-Bakol, with a
population of 1700, from the medium drought classification, were considered and selected as the
sample kebele. In order to ensure equitable representation of each drought categorization, four
kebeles were carefully selected. The study participants were picked in a random manner from a
designated sample of four kebeles. The sample size was calculated using Yamane's (1967) sampling
formula. Due to time and budget constraints, the arrived sample size of 400 is unmanageable.
Therefore, the researchers decided that a sample size of fifty percent of four hundred, or 200, would
be appropriate for the selection of study participants.

3.2. Determinants of Perception of Household Adaptation to drought occurrence

The data was analyzed using both quantitative and qualitative data analysis methods. An
econometric model, the Heckman Probit model, was used to determine the variables that influence
household perception of drought hazard occurrence and willingness to adapt in Kebri Dehar. The
Heckman selection model has two phases. Drought hazard adaptation is a two-step process that
begins with recognizing the occurrence of drought hazards and continues with a willingness to adapt.
In the first phase, respondents say whether they noticed a change in how often drought hazards
happened. In the second phase, they describe how they dealt with drought hazards and whether they
noticed a change in how often drought hazards happened in the first phase. Because the second phase
of adaptation to drought hazards is a subset of the first phase, the second phase sub-sample is likely
to be non-random and distinct from those who did not perceive drought hazards, resulting in sample
selection bias. Selectivity bias is corrected using Heckman's two-step procedure.

Equation for the Heckman’s sample selection is [34]

Mj* = Dj + ey (3.1)
Researcher spot only the binary outcome of Heckman’s model as:
robit *
M = (Pf > 0) (3.2)

Drought hazard occurrence (Dj=dependent variable) is observed when j is detected in the
selection equation only:

M7etect = (1,6 + ey; > 0) (3.3)

doi:10.20944/preprints202311.0746.v1
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e1~N(0,1)
e,~N(0,1)
Corr (eg,e3) = p
where Mj is the perception of drought hazard occurrence by the jth respondent and of Dj is a vector
of explanatory variables of the probability of perception of drought hazard occurrence. Where
e; and e, are error terms and v; is a vector of variables that are thought to affect how people adapt
to drought hazards. The first step of Heckman's sample selection model (Equation 3.3) is to figure out
how likely it is that something will happen in a drought hazard. The outcome model (Equation 3.1)
is used in the second phase.

When using basic probit techniques to solve equation (3.1), the results are biased. As a result,
the Heckman probit model and the Eigen estimates of all parameters in these models are identical.
As a result, the Heckman probit selection model was used to investigate perception in terms of
perception and adaptation to the occurrence of drought hazards in the Kebri Dehar District.

The outcome equation's (3.1) dependent variable is adaptation to drought hazards' occurrence.
Explanatory variables in the study include gender, age, education level of the head of household,
occupation, monthly income, social participation, frequency of drought, severity of drought, duration
of drought, water shortage, food availability, temperature, precipitation, and dry season.

4. Results and Discussions

4.1. Respondents’ perception and adaptation of resilience mechanisms to drought occurrence

Table 1 shows how people in the study area have thought changes in temperature, drought,
precipitation, and dry season over the last 20 years. The result shows that the majority of 133 (66.5%)
respondents did not perceive long term changes in temperature, drought, precipitation, and dry
season, which is a contradictory result of the study conducted by [43], whereas 67 (33.5%)
respondents perceived the changes in these factors. This could indicate a lack of awareness or
understanding of the factors contributing to drought hazards and highlights the need for education
and outreach efforts to increase knowledge and preparedness in the study area.

Table 1. Perception of long-term changes in drought occurrence.

Perception  Frequency Percent

Perceived 67 335
Not perceived 133 66.5
Total 200 100.0

Source: Compiled from survey data 2022.

Table 2 depicts a picture of the adaptive response of resilience mechanisms by study
participants. The respondents said they knew about some resilience mechanisms, and 177 (88.5%) of
them were able to adapt their resilience mechanisms to drought hazards in the study area, while 23
(11.5% of respondents) did not have any such response. Ethiopia has extensive knowledge of drought
and how to respond to it [44]. This suggests that the residents in the study area have a high level of
awareness and preparedness towards drought hazards, which could potentially contribute to their
ability to cope with and recover from such events.

Table 2. Adaptive response of Resilience Mechanisms by the respondents.

Adaptive response Frequency Percent

Adapted 177 88.5

Not Adapted 23 11.5
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Total 200 100.0

Source: Compiled from survey data 2022.

Table 3 displays the descriptive statistics of model variables for the Heckman Probit selection
model. As shown in the above table, 67 (33.5%) respondents perceived long term changes in drought
hazards occurrence, while 133 (66.5%) respondents did not perceive the long-term changes in
drought hazards occurrence. The descriptive summary in terms of mean and standard deviation is
calculated and presented in Table 3 for variables considered in selection model, which shows the
mean score and standard deviation across age, gender, educational status, respondents’ marital
status, household size, occupation, monthly income, and social participation as independent
variables influence the dependent variable household Perception on drought hazards occurrence for
Heckman’s Probit selection model.

Table 3. Descriptive statistics of Heckman Probit selection model.

Dependent variable Household Perception on drought hazards occurrence

Perception (perceived =1) Perceived 67 (33.5%) Not perceived 133 (66.5%)

Independent variables Mean SD
Gender 1.4800 .50085
Age 37.8050 13.22997
Educational Status 1.4500 .97068
Marital status 2.0650 .54059
Household size 7.5800 2.99474
Occupation 2.3750 2.14180
Monthly income 1.3800 .63055
Social participation 3.2800 2.24652

Source: Compiled from survey data 2022.

Descriptive statistics for the variables used in the Heckman Probit outcome model is shown in
Table 4. It shows that, 177 (88.5%) respondents adapted resilience mechanisms to drought hazards,
while 23 (11.5%) respondents did not adapt. For the independent variables considered in the outcome
model, a descriptive summary in terms of mean and standard deviation is calculated and shown in
the table above. The Table 4 shows the mean score and standard deviation for gender, age, level of
education, marital status, size of the household, occupation, monthly income, social participation,
drought frequency, duration, severity, water shortage, food availability, temperature, rainfall, and
dry season.

Table 4. Descriptive Statistics of Heckman'’s Probit outcome model.

Dependent variable description = Household Adaptation to drought hazards occurrence

Adaptation (perceived =1) = adapted 177 (88.5%) | Not adapted 23 (11.5%)

Independent variables Mean SD
Gender 1.4800 .50085
Age 37.8050 13.22997
Educational Status 1.4500 .97068
Marital status 2.0650 .54059
Household size 7.5800 2.99474
Occupation 2.3750 2.14180
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Monthly income 1.3800 .63055
Social participation 3.2800 2.24652
Drought Frequency 1.2700 56453
Duration of drought 3.9750 61340
Severity of drought 2.9450 .22855
Water shortage 1.5100 50115
Food availability 1.6700 47139
Temperature 1.2100 40833
Precipitation 1.1800 .38515
Dry season 1.2350 42506

Source: Compiled from survey data 2022.

The results of the Heckman Probit selection model are summarized in Table 5. At the 5%
significance level, the Heckman probit selection model for the household perception shows that age
and household size have a significant effect on the dependent variable, perception of drought hazards
occurrences, which is in-line with the finding of [45]. Furthermore, the effect of age on household
perception is consistent with the findings of [46-48] studies. The findings provide insight, particularly
among older residents and those living in larger households, who have a greater perception of
drought. The remaining independent variables have no effect on the dependent variable, the
respondent's perception of long-term changes in the occurrence of drought hazards.

Table 5. Results for Heckman Probit selection model.

Variables Estimate = Std. Error =t Value  Sig.
Gender -.025 207 -121 904
Age -.021 .008 -2.607  .010
Education -.048 109 -441 660
Household Size -.077 .036 -2132  .034
Occupation .058 .050 1.162 247
Monthly Income -.083 .169 -494 622
Social Participation -.053 .045 -1.191 235

Selection Variable: Perception

Source: Compiled from survey data 2022.

The Heckman Probit outcome model results for respondents' adaptation of resilience
mechanisms to the occurrence of drought hazards are summed up in Table 6. At a p value of 1%,
gender, drought severity, water scarcity, and temperature positively influence, and food availability
and precipitation negatively influence, the dependent variable adaptation of resilience mechanisms
to drought hazards occurrence among the fifteen independent variables considered for the outcome
model. The study found that respondents who experienced severe drought, water shortages, and
high temperatures were also more likely to adapt to resilience mechanisms. Similar findings were
found with [49] that gender has a positive influence, and risk perception differs by gender. This is in
line with the findings of [46,48]. In another study temperature was identified as a significant predictor
[50].
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Table 6. Results for Heckman Probit outcome model.

Variables Estimate = Std. Error =t Value  Sig.
Gender 147 .051 2.892  .004
Age -.004 .008 -529  .598
Education 018 .031 583 .560
Household Size -.008 .032 -251  .802
Occupation -.016 .022 -716 | 475
Monthly Income 042 .049 859 | 391
Social Participation 018 .020 892 .374
Drought Frequency 107 047 2244 026
Drought Duration .030 .033 888 376
Severity .390 .093 4209 .001
Water shortage 179 .042 4269  .001
Food Availability -.162 .045 -3.598 = .001
Temperature 157 .058 2792 .005
Precipitation -.189 .052 -4.279  .008
Long Dry Season .109 .049 2247  .027
Inv Mills Ratio 215 725 297 767

Outcome Variable: Adaptation, Sigma: 0.2575, Rho: 0.8366

Source: Compiled from survey data 2022.

Other independent variables have no effect on the dependent variable, which is how well people
adapt to long-term changes in the risk of drought hazards. The variables drought frequency and long
dry season influence the dependent variable at a 5% significance level. It can be assumed that if
drought, water shortage, temperature, the number of droughts, or the length of the dry season all get
worse by one unit, the respondents will use more resilience mechanisms. On the other hand, a one-
unit drop in rainfall (precipitation) and food availability will cause the respondents to increase their
resilience mechanisms and adjust ways of dealing with drought hazards.

4.2. Drought Resilience Mechanism Matrix

With the help of the stakeholders, the researchers made a drought resilience mechanism matrix
that considers how bad the drought is and how well the mechanism can adapt to it. The following
matrix shows what came out of discussion between residents, community members, and institutional
stakeholders.
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Figure 1. Drought Resilience Mechanism Matrix.

In the study area, which was the Kebri Dehar district, the levels of drought severity were found
to be high and medium. Drought resilience mechanisms are classified as high, moderate, or low
adaptations to the occurrence of drought hazards. The matrix helps in identifying the appropriate
mechanism to be implemented based on the severity of the drought. This can help the community
plan and react in a way that lessens the effects of the drought.

The cell representing a high level of drought severity and a high level of drought resilience
mechanism adaptation is identified as a danger zone, and mitigation is required; the cell representing
a high level of drought severity and a moderate level of drought resilience mechanism adaptation is
identified as a manageable zone, and adaptation is required; the cell representing a high level of
drought severity and a low level of drought resilience mechanism adaptation is identified as an aware
and avoid status; The cell representing a medium level of drought severity and a high level of drought
resilience mechanism adaptation is identified as being used to assess the drought and determine
whether control is required; the cell representing a medium level of drought severity and a moderate
level of drought resilience mechanism adaptation is considered to be used to identify drought
hazards and be safe with resilience mechanisms at that level; and the cell representing a medium
level of drought severity and a low level of drought resilience mechanism adaptation is considered
to be used to prevent drought hazards and survive with resilience mechanisms at that level. Residents
of the study area should be informed about the level of drought severity and drought resilience
mechanisms adaptation levels in order to manage, adapt, and mitigate the effects of drought hazards
occurrence, as can be deduced and advocated.

5. Summary and Conclusion

This study assessed the determinants of household perception and adaptation to drought hazard
occurrence as well as exploring the resilience mechanisms to recuperate from the dangers of drought.
The findings of the research revealed that the Kebri Dehar district is currently experiencing a
persistent drought. A significant proportion of the participants reported not observing any enduring
alterations in dry season, temperature, precipitation, or drought in their kebeles. The findings
provide insight, particularly among older residents and those living in larger households, who have
a greater perception of drought. Among the fifteen independent variables considered for the outcome
model, Gender, drought severity, water scarcity, temperature, and dry season positively influence,
whereas food availability and precipitation negatively influence, the dependent variable adaptation
of resilience mechanisms to drought hazards occurrence. The study found that respondents who
experienced severe drought, water shortages, and high temperatures were also more likely to adapt


https://doi.org/10.20944/preprints202311.0746.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 November 2023 doi:10.20944/preprints202311.0746.v1

10

to resilience mechanisms. The variables drought frequency and dry season have an effect on the
dependent variable at a 5% significance level. The study suggests that Disaster Risk Management
Bureau, along with the meteorological station, the agricultural bureau, the water board, non-
governmental organisations (NGOs), and other groups must take part in monitoring and controlling
drought conditions. Apart from that, provision of awareness, knowledge, and education on drought
are the most important enabling areas to be considered for drought risk management and resilience
building. However, households, communities, and institutions need to work together to cope with
drought resilience mechanism. The findings from the present study can support policy implications
and decisions aimed at increasing the level of adaptation to drought and upholding sustainable
resilience mechanisms.
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