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Abstract

Climate change is affecting climate-sensitive sectors including agriculture in developing countries. Tanzania as one of the
developing countries is hit by the climate change impacts, especially in semi-arid areas. This study aimed to analyze the
agro-pastoralists’ perceptions on climate change, adaptation strategies and determinants of adaptation to climate change of
agro-pastoralists. The study was conducted in Kongwa district, Dodoma region in central zone Tanzania. A cross-sectional
design was used to collect quantitative data by using structured questionnaires. Two wards, Ugogoni and Mtanana were used in
this study where 240 respondents were interviewed under consent using the structured questionnaire. Focused group discussion
(FGD) and key informant interviews (KII) were also used. The results showed that most of the agro-pastoralists perceive
decrease in rainfalls’ distribution (95.4%), decline in rainfalls’ intensity (88.8%), delay of rainfall (88.8%), early cessation of
rains (97.9%), increase in temperatures (91.3%), re-occurrence of floods (74.9%), and droughts (91.3%) over the past 20 years.
The mostly used climate change adaptation strategies in crop production were changes of planting dates (98.8%), planting
density (96.3%), crop diversification (92.1%), use of improved crop varieties (34.2%), crop rotation (16.3%), and tree planting
(10.0%), whereas in livestock production, were livestock diversification (30.8%), storage of feed and crop residues (21.3%), and
feeding strategies (10.0%). The binary logistic regression model results showed that the determinants of climate change that
significantly influence resilience in Kongwa district were geo-location, with 4.288 odds; age (0.953 odds/ 95.3%), number of
livestock owned (1.056 odds), and land size (6.097 odds). The study revealed that livestock sector’s adaptive capacity is lower as
compared to crop production sector. The study suggested that government should improve the accessibility to inputs and
subsidies, such as improved crop, pasture and animal seeds to foster resilience of agro-pastoralists.
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1. Introduction

Climate change (CC) has emerged as one of the most
pressing and complex global challenges, particularly for ag-
riculture-dependent communities. Its impacts; ranging from
altered precipitation patterns, rising temperatures, to in-
creased frequency and intensity of extreme weather events,
are disrupting food systems and threatening rural livelihoods,
especially in developing regions. Recent studies highlight that
climate change is altering rainfall distribution, intensifying
droughts and floods, and contributing to heat stress in many
parts of Sub-Saharan Africa (SSA) [1-5]. For instance, pro-
jections show that average temperatures in the region may rise
by 1.3<C to 2.9<C by the 2050s, with significant implications
for agro-ecological systems [6-8]. These climatic changes are
especially pronounced in arid and semi-arid zones, where
communities already face fragile ecological conditions and
limited adaptive capacity [9-12].

Agro-pastoral communities in these areas are particularly
vulnerable due to their dependence on climate-sensitive sec-
tors such as crop and livestock production. In SSA, agricul-
ture supports nearly 80% of the population, making it a cor-
nerstone of food security, employment, and income genera-
tion [13, 14]. However, the increasing variability in weather
patterns; such as erratic rainfall, extended dry spells, and more
frequent droughts is undermining these livelihoods. The
consequences are far-reaching, affecting not only household
food security but also broader efforts toward sustainable de-
velopment [15].

Resilience, defined as the ability of communities to antic-
ipate, cope with, and recover from climatic shocks while
maintaining or improving their well-being, has thus become
central to climate adaptation discourse [17]. Building resili-
ence among agro-pastoralists involves both structural and
behavioural responses, including adaptation strategies in
livestock and crop production. These strategies range from
livestock mobility, diversification, and use of indigenous
knowledge, to crop rotation, irrigation, soil conservation, and
the adoption of drought-resistant crop varieties [7, 9, 18-25].

Yet, the effectiveness of these strategies is highly influ-
enced by a combination of socio-economic, institutional, and
environmental factors. Factors such as access to extension
services, credit facilities, land ownership, education level,
gender, household income, and local climate information play
a crucial role in shaping adaptive capacity [26-28]. While
these factors are increasingly recognized across SSA, their
specific dynamics and interactions remain context-dependent.

In the case of Tanzania; particularly in semi-arid districts
such as Kongwa, there is limited empirical evidence on the
key determinants that enable or hinder climate change resili-
ence among agro-pastoral communities. Despite being among
the regions most affected by climate change, Kongwa remains
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understudied in this regard, creating a significant knowledge
gap that limits the development of locally appropriate adap-
tation strategies.

This study addresses that gap by assessing the determinants
of climate change resilience among agro-pastoral communi-
ties in Kongwa District, Dodoma Region. Specifically, it (i)
examines local perceptions of climate change, (ii) identifies
the adaptation strategies employed, and (iii) analyzes the key
socio-economic and institutional factors that influence resil-
ience. The findings provide essential insights for policymak-
ers, researchers, and development practitioners seeking to
support climate-resilient livelihoods in similar semi-arid set-
tings.

2. Materials and Methods

2.1. Study Area

The study was conducted in Kongwa district, located in the
central part of Tanzania. The study will be conducted in two
wards of Ugogoni and Mtanana. Kongwa district was selected
for the study due to the following reasons: firstly; it is one of
the areas found in semi-arid zone of Tanzania in which there
are repeated crop failures due to erratic rainfall patterns [29].
Secondly, the area gives a chance to study the determinants of
climate change resilience on crop and livestock production.
Moreover; it is within the project area on “Enhancing Climate
Change Adaptation for Agro-Pastoral Communities in
Kongwa District” funded by the Foundation for Energy,
Climate and Environment (FECE).

Kongwa district council is a semi-arid climatically and one
of the districts forming Dodoma region with 22 wards, 87
villages, 383 suburbs and 2 township authorities. Its longitude
and latitude is 6.0593°S, 36.5230 E, respectively. Its micro-
climate is greatly influenced by its altitude. The mean tem-
perature is about 26.5<C, but sometimes temperature can go
down to as much as 11<C. The coolest weather occurs in
January to June when temperatures fall between 20<C - 33<C.
The temperatures get slightly lower in the months of May to
July. The highest temperature recorded is 31c while the lowest
temperature is 18<C. The rainfall pattern of the district is a
uni-modal which normally rains between December and April
whose range is 400- 650 mm/annum. The district lies on
leeward side (rain shadow/ downwind) of Ukaguru Mountains.
Most of the time, winds from the ocean are dry and run par-
allel to the land making moisture uncertain to precipitate
hence leading to low rainfalls in Kongwa district.
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Figure 1. Map of Kongwa district showing the study wards of Ugogoni and Mtanana.

2.2. Data Collection

Data collection was conducted between November and
December 2024, in Kongwa district, central zone, Dodoma
Tanzania.

2.2.1. Research Design

A cross-sectional design was used to collect quantitative
data by using structured questionnaires. The study employed a
structured questionnaire to obtain primary data from
agro-pastoralists by making face-to-face interviews after
agro-pastoralist’s consent to make sure agro-pastoralists un-
derstand and can respond accurately to the questionnaire,
hence increasing the rate of response. The face-to-face inter-
view-approach is commonly employed when gathering pri-
mary data from agro-pastoralists as it leads to a high rate of
response compared to other data collection approaches [30].
Moreover, the qualitative data were collected from a purpos-
ively selected focused-group discussion (FDG) and Key In-
formant Interview (KII) participants using open-ended ques-
tions so that to triangulate the information obtained from
household survey interviews’ results.

The structured questionnaire captured agro-pastoralists’
perceptions on climate change, such as changes in tempera-
ture, rainfall, flood occurrence, and drought events in the past
5 to 10 vyears. Different studies stress that indigenous
knowledge owned by lock people coupled with long history of
interaction between natures of these people; equip them with
high ability to understand climate change and variability as
well as weather forecasting [31]. To combat the impacts of
climate change more efficiently, local knowledge and scien-
tific information should be blend together as they are highly
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connected [32]. It also encompassed the adaptation strategies
employed by agro-pastoralists to combat the effects of climate
change. Furthermore, the questionnaire captured factors in-
fluencing agro-pastoralists’ adaptation to climate change.

2.2.2. Sample Size and Sampling Techniques

The study was carried out in two wards of Kongwa District,
Mtanana, whereas three villages from each ward were sam-
pled for this study. Three villages from Mtanana were
Mtanana A, Mtanana B and Ndalibo whereas in Ugogoni
ward, were Machenje, Ibwaga and Chimotolo. These wards
were purposively selected for this study based on the fol-
lowing reasons; first, because of their severity to climate
change resilience among their dwellers, accessibility, high
population size hence good representation of the research area
and they were beneficiaries of the project, “Enhancing climate
change adaptation for agro-pastoral communities in Kongwa
district” funded by the Foundation for energy, climate and
environment (FECE). The selected wards were inhabited by
agro-pastoralists. Whereby, 120 agro-pastoralists from each
ward (making 240 households) were randomly sampled for
household interviews by the using village registers in con-
sultation with village executive officers. Sample size of the
household was computed by using the model of [33] that
assumes 95% confidence level with #5% precision error and
50% (p = 0.5) variability.

N
n=
1+N(e)?

o))

Where, n = the sample size, N = the population size, and e =
the desired level of precision. Eight key informants were
purposively selected from district agriculture, livestock and
fisheries office, district environmental and forestry depart-
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ment office, and district executive of Kongwa. A total of two
FGD sessions with a total of 20 participants (10 participants
per session) were organized in each ward. In order to obtain
the views of different social groups of the agro-pastoral
community; the FGD members were heterogeneous with
different sex, age and economic status.

2.3. Data Analysis

The household data collected by the structured question-
naire survey were analyzed using descriptive and inferential
statistics such as binary logistic regression model whereas
data obtained from FGD, observation and key informant in-
terviews, were analyzed by using thematic content analysis.
To analyze the qualitative data, audio recordings were first
transcribed into written text. The transcribed content was then
organized into categories. This was followed by a thorough
review of the text; reading and re-reading; to identify recur-
ring themes, ideas, behaviors, and interactions. These themes
were grouped into meaningful categories to effectively
summarize the entire dataset [34]. Finally, content analysis
was applied to present the qualitative findings in alignment
with the quantitative results. Descriptive statistics, like
standard deviation, mean, coefficient of variation, percentage
and plots (such as bars, histograms, and pie chart) were em-
ployed to analyze agro-pastoralists’ perceptions on climate
change indicators, and adaptation strategies to climate change
impacts employed by agro-pastoralists.

The binary logistic regression model was used to identify
the key determinants which influence the choice of adaptation
strategies to combat climate change impacts by the sampled
households in Kongwa district. The statistical package for
social sciences (SPSS), version 25 and Microsoft excel; ver-
sion 10 were used to do these analyses. Then the results ob-
tained were discussed.

2.4. Theoretical Framework

Binary logistic regression is a type of regression analysis
employed to estimate the relationship (probability) between a
dichotomous dependent variable and a set of both dichoto-
mous and a set of both continuous and categorical variables
(independent/predictor) variables in applied social sciences.
The binary logistic regression model was chosen due to the
following reasons; firstly, the model may be applied to ana-
lyze the relationship between a categorical dependent variable
(response) and a set of both categorical and continuous vari-
ables and secondly, the model best suits for modeling
non-linear distribution data, which is not suitable for ordinary
least squares [35]. Many different variables of interest are
dichotomous e.g., for this study we can say whether or not
someone is resilient to climate change. These kinds of varia-
bles are known as discrete or qualitative and they can be
termed as events. Dichotomous (dummy) variables are usu-
ally coded 1, indicating “success” or “yes” (or resilient, for
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this study) and 0, meaning “not resilient” [36]. The mean of a
dichotomous variable coded 1 (resilient) and 0 (not resilient)
is equal to the proportion of cases coded as p and 1-p respec-
tively.

Discrete regression models include both logit and probit
models [37]. The logit model, also called logistic regression,
is categorized as binary logistic regression when the de-
pendent variable (in this case, resilience) has two possible
outcomes—resilient or not resilient. When the dependent
variable has more than two outcomes, it is referred to as
multinomial logistic regression. The probit model is similar to
the logit model, and both typically give comparable results.
The key distinction lies in their underlying assumptions: the
logit model assumes the dependent variable follows a logistic
distribution, whereas the probit model assumes a cumulative
normal distribution. Additionally, the logit model assumes a
homogeneous population where all individuals have an equal
likelihood of interacting with one another.

The maximum likelihood method is employed to estimate
the parameters of each independent variable (in this case, the
determinants of CC resilience) in the binary logistic regres-
sion model at a specified level of statistical significance [37].
This process involves analyzing the probability density func-
tion (PDF) of each independent variable. To represent a dis-
crete regression model that incorporates all variables, a joint
PDF is utilized. Generally; a logistic model is expressed as:

dnt

nt
L= I (N = nt) @
Whereby n, is the number of individuals who are CC re-
silient at time t in the study area, N is the total population of
potential resilient agro-pastoralists, and 3 is a parameter re-

flecting the rate of CC resilience (equation adopted from [38].

2.5. Empirical Framework

In binary logistic regression, the outcome variable takes
values between 1 and 0. In this case, 1 represents “being re-
silient (p)” and 0 stands for “not being resilient (1-p)”. The
expected value is the probability, p that the response variable
takes the value of 1. This implies that the probability of not
being resilient is 1-p. Because of non-linearity of the logistic
distribution (log transformation), thus the term “logit” is em-
ployed. Therefore, the logistic model may be re-expressed as
presented in equation (3) as the log-odds of resilience being
expressed as a linear function of the independent variables
[39].

Log—— = fio + f1X1 + f2X2 ... faXq A3)

Where, [ represents the estimated coefficient, while X
denotes the independent variable, predictor, or explanatory
variable (in this case, the determinant of CC resilience). The

logistic coefficient indicates the log-odds of the explanatory
variable in relation to others concerning the modeled outcome
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(dependent variable). Typically, B coefficients are exponen-
tiated to express the results in terms of odds. Thus, the equa-
tion can be rewritten as:

% = efy + B1X1 + BtXt + - BiXi (4)
Where, e raised to the power of the coefficient represents
the factor by which the odds change when the i independent
variable increases by one unit. If the coefficient is positive, E
(B;) >1, indicates an increase in odds. Conversely, if the co-
efficient is negative, E (B;) < 1, it means the odds decrease.
When the coefficient is zero, B; =0, E (8;) = 1, it signifies that
there is no change in odds. The logistic model follows a
symmetric S-shaped diffusion pattern, reaching its highest
diffusion rate when 50% of potential agro-pastoralists have
achieved resilience to CC. In this study, the logistic regression
model can be expressed as:
Lnlf;fﬁo +B1X1+ B2X2 + - fnXn +e (5)
Whereby; X; = Gender of the household head, X, = Gender
of the household head, X5 = Age of the household head, X;=
Marital status of the household head, X5 = Education level of
the household head, Xg = Social status of household head, X;

= Number of household members, Xg= Number of adults in
the household, Xy = Land size owned Proximity to the farm,
Xi0= Total number of livestock owned by the household, X,
= Household’s source of income, X, = Accessibility to the
climate information, X;3= Distance to the market, X, = Ac-
cessibility to institutional supports, Bo = Constant (regression
coefficient), and € = Error term.

The binary logistic regression model was used to determine
the determinants which influence agro-pastoralists to combat
climate change impacts. The common regression challenges
of the model were tested, such as, mode of fit, model speci-
fication, and multicollinearity, whereby factors found to have
problems were dropped from the first model. The variance
inflation factor (VIF) was used to determine multicollinearity,
which showed that the largest VIF was only 1.640 in the
second model. A VIF >5 signifies the presence of multicol-
linearity, that needs attention. The Hosmer and Lemeshow’s
goodness-of-fit indicated that the probability model fitted the
data well and was correctly specified, with statistically insig-
nificant results, which indicates that the model fits well the
data and has no specification error. Also, the Omnibus tests of
Model Coefficients produced statistically significant results
indicating that the model fits the data well. The determinants
of climate change resilience are described in Table 1 below:

Table 1. Description of independent variables hypothesized to influence resilience to climate change in Kongwa district.

Variable Variable name in full

GENDER Gender

WARD Ward

AGE Age

MARTST Marital status of house hold head

EDLEV Education level

SCSTT What is your social status in this area?

HHMEMB How many members live in the household?

HHMEMBPT eHc%Vr\:oTne;?; zztaiTiitli):}Sr;Iembers do participate in

LANDSIZE Land size owned by the household

TOTLIVST Total number of livestock kept

ENCSOURCE What is your primary source of income

DISTMARKT What is the distance to the markets in hours or,
minutes?

CCINFO Have you ever heard of Climate change?

INSTTAVAILAB CC impact?

Is there any institution that helped you to combat

Description Hypothesized sign
Binary, 1=men, 0=Female +/-
Binary, 1=Ugogoni, 2=Mtanana +
Continuous +/-
Binary, 1=Married, 0=Un-married +
Categorical +
Binary, 1=Leader, 0=Not leader +
Continuous +/-
Continuous +/-
Continuous +
Continuous +
Categorical +
Continuous -
Dummy, 1=Yes, 0=No +
Dummy, 1=Yes, 0= No +

+ = the factor influences adaptation to climate change positively, - = the factor influences adaptation to climate change negatively. Source: own

survey data, 2024
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3. Results

3.1. Agro-pastoralists’ Perceptions on Climate
Change

A plenty of respondents in study perceived, (96.7%) that
have realized changes in climatic condition over the past 5-20
years. The results revealed that agro-pastoral community in
Kongwa had witnessed various indictors pertaining climate
change (Table 1). Most of the agro-pastoralists perceived the
decline of rainfall distribution (95.4%) and rainfall intensity
(88.8%) in the rainy seasons over the last two decades. The
majority of the respondents in a study also observed signifi-

cant delay of onset (92.9%) and early cessation of rains
(97.9%) during the rainy seasons over past 20 years. The
erratic rainfalls lead to crop failures and poor livestock
productivity. This in turn culminates in food insecurity and
poor livelihoods among agro-pastoralists. In addition,
re-occurrence of floods was reported by a considerable
number of respondents (74.9%). The un-predictable high
rainfalls lead to flood incidences, which lead to loss of farm-
ers’ assets and resources. The majority of the agro-pastoralists
in Kongwa reported an increase in temperature and drought
occurrences by 91.3% over the past 20 years. The high tem-
perature and droughts were thought to be major causes of crop
failures and the decreased livestock productivity.

Table 2. Perceptions of agro-pastoralists on the changes of some climatic parameters in Kongwa over last 20 years.

Parameter Perception

Poor
Rainfall distribution in a rainy season no change
Good
decreased
Rainfall intensity no change
Increased
Early
Onset of rainfall in a rainy season no change
Delayed
Early
End of the rainfall no change
Delayed
I can't tell
Temperature decreased
Increased
Low
Drought re-occurrence Moderate
High
Low

Flood occurrences Moderate
High

Source: Own survey data, 2024.
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Occurrence

Frequency Percent (%)
229 95.4
10 4.2
1 0.4
213 88.8
25 104
1 0.4
11 4.6
6 25
223 92.9
235 97.9
4 1.7
1 0.4
6 25
15 6.3
219 91.3
16 6.7
3 1.3
219 91.3
34 141
26 11
180 74.9
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3.2. Adaptation Strategies Employed by
Agro-pastoralists

The study showed that out of 240 sampled agro-pastoralists,
most of them, 98.8% had used adaption strategies as the
means to combat climate change impacts. The strategies used
were grouped into two groups; first was crop production ad-
aptation strategies, such as changes of planting dates planting
density, crop diversification, use of improved crop varieties,
crop rotation, tree planting, agroforestry, use of fertilizer,
water storage and conservation and irrigation. The second
group was the livestock production adaptation strategies, such

as livestock diversification, storage of feed and crop residues,
feeding strategies, herd diversification, use of crossbred an-
imal breeds, and establishing pastures. The mostly used ad-
aptation strategies by the most agro-pastoralists in crop pro-
duction were changes of planting dates planting density, 237
(98.8%), crop diversification, 231 (96.3%), use of improved
crop varieties, 221 (92.1%), crop rotation, 82 (34.2%), and
tree planting, 39 (16.3%) (Figure 2). To counteract the chal-
lenges of reduced rainfall, delay of rainfall, and early cessa-
tion of rainfall, change of planting dates was used by the most
agro-pastoralists to combat crop failure challenge.

Irrigation

Water storage and conservation
Use of fertilizer

Agroforestry

Tree planting

Crop rotation

Use of improved crop varieties
Crop diversification

Planting density

Changes of planting dates

50

100 150 200 250
Frequencies (N=240)

Figure 2. Crop production adaptation strategies in Kongwa district. Source: Own survey data, 2024.

Establishing pasture

Use of crossbred animals

Storage of feed and crop residues

Feeding strategies

Herd diversification

Livestock diversification

20 40 60 80

Frequencies (N=240)

Figure 3. Livestock production adaptation strategies used in Kongwa district. Source: Own survey data, 2024.

The least used adaptation methods in crop production sec-
tor were agroforestry 9 (3.8%), use of fertilizer 7 (2.9%),
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water storage and conservation 5 (2.1%), and irrigation 4
(1.7%). They were rarely used in the study area due to dif-
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ferent reasons, such as limited land resource, lack of credits
(lack of funds), high price of improved crop varieties, limited
land, and poverty. For example, lack of land, and communal
land use for grazing especially during the dry seasons also
limited the tree planting and agro-forestry. Thus, in order for
agro-pastoralists to be more climate-resilient, irrigation, use
of drought-resistant crop varieties, soil conservation, water
storage, mixed crop-livestock production, use of fertilizer,
economic diversification and improved access to institutional
services should be put in place.

In the livestock production, results showed that the most
adaptation strategies employed by the agro-pastoralists were
livestock diversification, 74 (30.8%), storage of feed and crop
residues, 51 (21.3%) and feeding strategies, 24 (10.0%). The
least used adaptation strategies in livestock sector were stor-
age of feed and crop residues, 9 (3.8%), use of crossbred
animals 7 (2.9%) and establishing pasture, 3 (1.3%) (Figure
3).

Count

Ugogoni

3.3. Determinants of Resilience to Climate
Change

The ability to withstand the climate change shocks differed
between wards (Ugogoni vs Mtanana) in the study area as
shown in Figure 4. Ugogoni ward’s agro-pastoralists were
less adaptable (39 out of 120) to CC shocks compared to their
counterparts Mtanana (70 out of 120). The higher adaptability
of Mtanana agro-pastoralists might be due to their proximity
to Kibaigwa Township and market where they obtain easily
the agricultural inputs and sell their agricultural produce as
compared to those living in Ugogoni ward. Also, Mtanana
ward is favored by being close to Dodoma-Dar-es-salaam
main road whereby their residents can transport their produce
and inputs to and from these cities, hence increasing the
adaptability as compared to their counterparts living in
Ugogoni ward.

Ene
Wyes

IMtanana

Ward

Figure 4. Fraction of ability to withstand the climate change shocks between Ugogoni and Mtanana wards’ agro-pastoralists. Source: Own

survey data, 2024.

Table 3. Determinants of resilience to climate change in Kongwa district.

Variable Coefficient S.E

GENDER -0.319 0.379
WARD 1.456* 0.414
AGE -0.049* 0.014
MARTST 1.249 0.687
EDLEV -0.199 0.356
SCSTT -1.173 0.654
HHMEMB 0.100 0.101

Wald Sig. Odds ratio VIF

0.707 0.400 0.727 1.319
12.380 0.000* 4.288 1.375
12.915 0.000* 0.953 1.106
3.308 0.069 3.487 1.337
0.314 0.576 0.819 1.253
3.215 0.073 0.309 1171
0.978 0.323 1.105 1.607
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Variable Coefficient S.E
HHMEMBPT -0.099 0.171
LANDSIZE 0.054 0.035
TOTLIVST 0.055* 0.018
ENCSOURCE 0.056 0.064
DISTMARKT 0.065 0.125
CCINFO 0.393 0.345
INSTTAVAILAB 1.808* 0.776
N (240)

Constant -2.694 1.533

Wald Sig. Odds ratio VIF
0.332 0.565 0.906 1.640
2.484 0.115 1.056 1.502
9.569 0.002* 1.057 1.392
0.778 0.378 1.058 1.146
0.272 0.602 1.067 1.257
1.302 0.254 1.482 1.160
5.427 0.020* 6.097 1.137
3.087 0.079 0.068

* = there is statistical significance at p<0.05, S.E = standard error, and VIF = variance inflation factor. Source: Own survey data, 2024.

4. Discussion

4.1. Agro-pastoralists’ Perceptions on Climate
Change

Majority of the agro-pastoralists in Kongwa reported er-
ratic rainfall incidences in the study area over the past two
decades. These incidences included low rainfall, delayed
rainfall onset and early cessation of rainfalls during the rainy
seasons. The changes in rainfall patterns were connected to
the climate change in the study area. Erratic rainfalls lead to
poor agricultural productivity (both crop and livestock). The
erratic rainfalls were also reported by other studies in different
areas in Tanzania [17, 40, 41] and other Sub-Saharan African
countries [9, 10]. In addition, re-occurrence of floods reported
in the current study might be due to un-predictable high
rainfalls in the study area. The un-predictable high rainfalls
lead to flood incidences, which lead to loss of farmers’ assets
and resources. This was supported by the results from the
FGD discussion, one respondent in Mtanana B village, said,

“There has been re-occurrence of heavy rains in our area
in recent years.
....for instance, last year (2023) it rained heavily and my
five acres of farm were flooded, | incurred significant losses
in which my maize crops were drawn in flooded water. To
avoid other losses in the future, | have decided to improvise
by changing that piece of land from maize and sunflower
farm into paddy farm”.

Flood incidences were also reported by other studies in the
Sub-Saharan African countries [9, 42]. For example, [42]
stressed that a decreasing trend of rainfall indicates that there
is a high chance of drought incidences and the opposite trend
(increasing trend) signifies flooding. In addition, the result
showed an increase in temperature and drought occurrences in
the study area. This might be caused by increased number of
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hot days in the area as projected by [43] that temperature will
raise by 3.4-4.2<C by the end of 21* century. Moreover, a
study by [6] stressed that temperature is expected to rise to
1.3-2.7<C in the 2050s. An increase in temperatures leads to
heat stress for both livestock and crops production sectors. [21]
reported that heat stress is one of the alarming effects of cli-
mate change in arid and semiarid lands. The high temperature
and droughts were thought to be major causes of crop failures,
feed shortages and the decreased livestock productivity. The
result of increased temperature has also been reported by
other studies in other areas in Tanzania [17] and other places
in Sub-Saharan African counties [6, 7, 9, 16].

4.2. Adaptation Strategies Employed by
Agro-pastoralists

Climate change hampers well-being and food security of
the agro-pastoralists. Therefore; when agriculture is adversely
impacted by the climate change; innovative interventions are
inevitable to increase adaptive capacity of agro-pastoralists.
The results revealed that Kongwa agro-pastoralists employ
different adaptation strategies to reduce the climate change
shocks in their agricultural production (crop and livestock),
just as the case of farmers in other areas in Tanzania [17] and
other arid and semiarid areas in other Sub-Saharan African
countries [10, 22, 23, 27, 44, 45]. In crop production,
agro-pastoralists mostly used adaptation strategies were
changes of planting dates, planting density, crop diversifica-
tion, use of improved crop varieties, crop rotation, and tree
planting. For change of planting is used due to the fact that
rainfalls have been erratic in the recent years, so forcing
farmers to change their time of cultivating and planting their
fields. This also was elaborated by one of farmers in FGD in
Ibwaga village claimed,

“These days, rains are coming too late while ceasing too

early, so we prepare our farms and plant early so that our

crops might survive the dry spell even after the rains have
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gone...otherwise, the rains may cease 100 early while

leaving our crops at the blooming stage, in which we end

up harvesting nothing”.

This current finding has also been the case in other areas in
other Sub-Saharan-African countries [7, 22, 25]. The other
methods (use of fertilizer, water storage and conservation, and
irrigation) were rarely employed in Kongwa due to various
constraints, such as lack of funds, limited land and poverty.
For example, lack of land, and communal land use for grazing
especially during the dry seasons also limited tree planting
and agro-forestry practices. This was revealed by
agro-pastoralists in FGD in Ndalibo village, where one of the
respondents claimed,

“We can t plant trees in our cultivation fields since we have

limited pieces of land for crop production, and others don t

have their own lands...but they lease or borrow others’

lands to cultivate annual crops. Moreover, after harvesting

our crops, we graze our animals communally in the har-

vested fields to feed crop residues, especially in the dry
seasons....thus we fear to plant trees in our fields to avoid
livestock to trample on them (planted trees)”.

Moreover, on the use of local seeds instead of the improved
ones, another FGD respondent in Machenje village said,

“We plant our own local seeds every year, this leads to low
crop yields and quality, we wish to use the drought-resistant
crops, but they are sold at a very high price that we can't
afford to buy them. However, we were promised by the
district authority to be given the subsidized seeds and in-
puts, but it'’s un-fulfilled promise for years now...it is a high
time the district authority to fulfill its promises to us to so
that we can improve our ways of crop production, hence
improve our livelihoods”.

Thus, in order for agro-pastoralists to be more cli-
mate-resilient, irrigation, use of drought-resistant crop varie-
ties, soil conservation, water storage, mixed crop-livestock
production, use of fertilizer, economic diversification, and
improved access to institutional services should be put in
place. This finding was supported by Kl discussion, in which
experts highlighted that,

“In order to be climate resilient for Kongwa district’s
agro-pastoralists, they should adopt different adaptation
strategies, such as climate smart agriculture, (CSA), af-
forestation, agroforestry, planting trees, soil conservation,
use of drought-resistant seeds, changing of planting dates
and creating awareness to agro-pastoralists on climate
change”.

In addition, livestock officer in K1l added that,

“Agriculture and livestock research should embark on

pasture establishment, and introducing drought-tolerant

animal breeds....on the other hand, more awareness on the

CC and mitigation strategies should be emphasized via

different platforms, such as schools, religious gatherings.

In schools; from primary school to universities curriculums

should add the lessons about climate change and mitiga-

tion measures”.
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These results in this study were also reported by [8, 10, 22,
25] in different countries of Sub-Saharan Africa. The study
revealed that livestock production adaptive capacity was
generally low as compared to the crop production. The few
highly used adaptation methods in livestock sector were
livestock diversification, storage of feed and crop residues,
and feeding strategies. This result is in line with [10, 16, 18,
46]. For example, [18] highlighted that keeping poultry and
browsers act as a hedge against harsh conditions such as
prolonged droughts and feeds shortages. In order to foster the
adaptive capacity of the livestock sector, methods like, use of
crossbred livestock breeds, pasture establishment, the use of
supplementary feeds, destocking and improved extension
services should be emphasized.

4.3. Determinants of Resilience to Climate
Change

The results from binary logistic regression model stressed
factors to climate change adaptation are ward (geo-location),
age, number of livestock and land size. The results revealed
that Mtanana ward agro-pastoralists are more adaptive to CC
than their counterparts of Ugogoni ward. This might be due to
the fact that Mtanana ward is near to Kibaigwa market and
township, which enable Mtanana residents to access agricul-
tural inputs and selling their agricultural produce easily
compared to their counterparts Ugogoni dwellers who are far
away to the Market requiring more than 3 hours to Kibaigwa
market.

Moreover, Mtanana ward is along Dodoma-Dar es salaam
main road, thus making agro-pastoralists in this ward ac-
cessing social services to Dodoma and Dar es Salaam cities
more easily, hence increasing their resilience capacity than
those living in Ugogoni. The accessibility to markets plays a
pivotal role to the adaptive capacity of agro-pastoralists since
they can access easily their basic food to at the markets [47].
This finding is consistent with [26, 48] who reported that the
exposure of farmers to a particular area led to more experience
on climatic condition and hence more adaptation to climate
change.

In addition, household head’s age affected negatively the
adaptive capacity to climate change. This result suggests that
younger agro-pastoralists are more adaptable to climate
change than their counterpart older ones, possibly due to their
ability to adopt new technologies, diversify income sources,
or engage in more labor-intensive climate adaptation strate-
gies. Older agro-pastoralists might struggle with adaptation
due to physical limitations, resistance to change (rigidity), or
reliance on traditional practices. This result is in line with that
of [27] who stressed that age negatively influences adaptive
capacity of farmers due to the fact that older farmers are more
rigid to adapt new technologies and they are more risk-averse
compared to younger ones.

The results also indicated that the number of livestock
owned by the family positively influence the adaptive capac-


http://www.sciencepg.com/journal/ijepp

International Journal of Environmental Protection and Policy

http://www.sciencepg.com/journal/ijepp

ity of agro-pastoralists. This might be due to the fact that, the
number of livestock can signify how wealthy a particular
agro-pastoralist is, and hence how adaptable to climate
change such agro-pastoralist might be. Furthermore, the re-
sults showed that institutional services availability; positively
influence the adaptive capacity to climate change of the
agro-pastoralists.

The results showed that access to institution services in-
creases, the adaptability to CC increases by 6.097 odds than
those agro-pastoralists who cannot access the institutional
services. This might be due to the fact that the presence of
institution to agro-pastoralists indicates that various services
are provided to farmers, such as education and training on
good agricultural practices, extension services, subsidy, food
relief aids and others. This leads to improvement of liveli-
hoods of the agro-pastoralists and hence high resilience to
climate change impacts. This finding corroborates with that of
[26, 48] who highlighted that accessibility to institutional
services such as accessibility to irrigation water, arable land
and climate information’s accessibility determine farmer’s
capacity to climate resilience and determine the extent to
which agro-pastoralists are resilient to climate change im-
pacts.

5. Conclusion and Recommendations

This study highlights that the majority of agro-pastoralists
in Kongwa District are aware of the erratic rainfall patterns
and rising temperatures in recent years. In response, they have
adopted various adaptation strategies to mitigate the impacts
of climate change on their livelihoods. However, the study
also revealed that the adaptive capacity of the livestock sector
in Kongwa District is generally lower compared to the crop
production sector. Common adaptation methods in livestock
production include livestock diversification, feed storage, and
strategic feeding practices. Key factors influencing climate
change adaptation were identified as geo-location, age, live-
stock numbers, and land size. The limitation of this was gen-
eralizability.

The study suggests strengthening climate change adapta-
tion in the livestock sector of Kongwa District, targeted in-
terventions are needed. These include improving access to
veterinary and extension services, promoting feed storage and
strategic feeding practices, and enhancing the dissemination
of climate information. Policymakers should support live-
stock-focused adaptation programs and consider so-
cio-demographic factors such as age, location, livestock
numbers, and access to social services. Finally, further re-
search in other regions is recommended to improve the gen-
eralizability of the findings.

Abbreviations

CcC Climate Change

171

SSA Sub-Saharan Africa

FECE Foundation for Energy, Climate and
Environment

FDG Focused-group Discussion

Kil Key Informant Interview

SPSS Statistical Package for Social Sciences

VIF Variance Inflation Factor

Acknowledgments

The authors acknowledge the Kongwa district local com-
munities for their willing participation in the study.

Author Contributions

Dauson Kamwangire Felix: Conceptualization, Data cu-
ration, Formal Analysis, Investigation, Methodology, Writ-
ing - original draft

Anthony Zozimus Sangeda: Conceptualization, Supervi-
sion, Validation, Visualization and Writing - review & edit-
ing

Dominico Benedicto Kilemo: Conceptualization, Super-
vision, Validation, Visualization, Writing - review & editing,
Funding acquisition, Project administration, Resources

Funding

This study was funded by the Foundation for Energy,
Climate and Environment (FECE) under Enhancing Cli-
mate Change Adaptation for Agro-Pastoral Communities
in Kongwa Distric, implemented between year 2021 to
2025.

Data Availability Statement

The data is available from the corresponding author upon
reasonable request.

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] Tesfahunegn, G. B., Mekonen, K., & Tekle, A. (2016).
Farmers’ perception on causes, indicators and determinants of
climate change in northern Ethiopia: Implication for develop-
ing adaptation strategies. Applied Geography, 73, 1-12.
https://doi.org/10.1016/j.apgeog.2016.05.009

[2] IPCC, (2014). Climate Change: Synthesis Report. Contribution
of Working Groups I, Il and 111 to the Fifth Assessment Report

of Intergovernmental Panel on Climate Change.


http://www.sciencepg.com/journal/ijepp

International Journal of Environmental Protection and Policy

http://www.sciencepg.com/journal/ijepp

(3]

[4]

5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

O’Brien, K. L., & Leichenko, R. M. (2000). Double exposure:
Assessing the impacts of climate change within the context of
economic globalization. Global Environmental Change, 10(3),
221-232. https://doi.org/10.1016/S0959-3780(00)00021-2

Ayal, D., Desta, S., Robinson, L. (2019). Governance Dimen-
sions of Climate Change Adaptation: The Case of Didahara,
Borana, Southern Ethiopia. In: Leal, F. W. (Ed.), Handbook of
Climate Change Resilience. Springer, Cham.
https://doi.org/10.1007/978-3-319-71025-9_172-1

Seid, S., Jema, H., Degye, G., (2016). Climate Change Adap-
tation Strategies of Smallholder Farmers: The Case of Assosa
District, Western Ethiopia. Journal of Environment and Earth
Science 6(7).
https://www.iiste.org/Journals/index.php/JEES/article/view/31
891

Zinyengere, N., Crespo, O., Hachigonta, S., & Tadross, M.
(2015). Crop model usefulness in drylands of southern Africa:
An application of DSSAT. South African Journal of Plant and
Soil, 32(2), 95-104.
https://doi.org/10.1080/02571862.2015.1006271

Kusse, K., Araro, K., & Dagne, M. (2023). Climate Change
Adaptation  Strategies And Their Determinants In
Agro-Pastoral Areas Of Southern Ethiopia. Journal on Envi-
ronmental Sciences ISSN, 2836, 4899.

Tilahun, D. F. (2021). Effects of climate change and adaptation
strategies among pastoralists and agropastoralists. the case of
mieso district, west hararghe zone, oromia regional state,
Ethiopia (Doctoral dissertation, Haramaya university).
https://etd.aau.edu.et/items/eb53fd5d-68bf-40c4-8320-77b877
5c3ffe/full

Achola, J. Y. (2021). Assessing Sustainability of Pastoralism
Under a Changing Climate in Kajiado County, Kenya (Doc-
toral dissertation, University of Nairobi).

Gizachewu, A., & Gizachewu, A. (2021). Climate change and
farm households adaptation strategies in lare woreda, gambella
region Southwest Ethiopia (Doctoral dissertation).

Wangu, J. M. (2014). Pastoral Land Privatization and Com-
munity Adaptability to Climate Change in Maji Moto, Kenya:
On Opportunities and Negative Implications of the Tenure
Reform (Master's thesis).

Bewket, W., Alemu, D., Zeleke, G., Assefa, Y., & Trutmann, P.

(2011). Extent and determinants of household poverty in rural
Ethiopia: A study of six villages. Eastern Africa Social Science
Research Review, 27(2), 21-49.

FAOQ, (2016). “Diversification strategies and adaptation deficit:
evidence from rural communities in Niger”, in Asfaw, S,
Palma, A. and Lipp er, L. (Eds), ESA Working Paper No.
16-02, FAO, Rome. https://doi.org/10.22004/ag.econ.288970

FAOQ, (2012). FAO Statistical Yearbook 2012: Africa Food and
Agriculture, FAO, Rome.

Phuong, L. (2011). “Climate change and farmers’ adaptation: a
case study of mixed-farming systems in the coastal area in
Trieu Van commune, Trieu Phong district, Quang Tri province,

172

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Vietnam”, Master’s thesis, Swedish University of Agricultural
Sciences.

Alex, S. (2018). The impact of climate change on rural
agro-pastoralist communities in Aweil East County, South
Sudan (Doctoral dissertation, Nkumba University).

Kangalawe, R. Y. M. & Lyimo, J. G., (2013). Climate change,
adaptive strategies and rural livelihoods in semiarid Tanzania.
https://doi.org/10.4236/nr.2013.43034

Maoncha, M. R., Obwoyere, G. O., & Recha, W. C. S. (2022).
Effects of perceived climate variability on provisioning eco-
system  services among  agro-pastoral communities
agro-pastoral communities agro-pastoral communities of
Laikipia west sub-county, Kenya. Rigorous Journal of Agri-
cultural Sciences, 1(9).

Syabwanta, S. (2019). A proposed climate change education
programme for Sinazongwe district of Southern Zambia
(Doctoral dissertation, The University of Zambia).

Muricho, D. N. (2018). A Socio-economic Analysis of the Role
of Indigenous Knowledge and External Interventions in Pas-
toralists’ Livelihood Resilience in West Pokot County, Kenya
(Doctoral dissertation, University of Nairobi).

Tagnigue, R. K. (2011). Identification of agro-pastoralists
adaptation strategies to climate variability: A case study in
Mopti-Mali (Doctoral dissertation, University of Kassel).

Dobamo, T. D. (2020). Impact Of Climate Change On Crop
Production and Adaptation Strategies: The case of Lemo Dis-
trict, Hadiya zone, Southern Ethiopia (Doctoral Dissertation).

Galwab, A. M., Koech, O. K., Wasonga, O. V., & Kironchi, G.
(2023). Analysis of Rainfall Spatiotemporal Variability and Its
Impact on Livelihood in Marsabit, Kenya. East African Agri-
cultural and Forestry Journal, 87(3&4), 20-20.

Chege, M. W. (2022). Impacts of climatic variability on wildlife
and livestock composition and productivity index in maasai mara
narok county, kenya (Doctoral dissertation, Kenyatta University).

Grace, M. N. (2021). Assessment of Smallholder farmers” adop-
tion of Climate Smart Agricultural Practices: The case of Bugesera
District, Rwanda (Doctoral dissertation, Haramaya University).

Gbetibouo, G. A. (2009). Understanding farmers' perceptions
and adaptations to climate change and variability: The case of
the Limpopo Basin, South Africa. Intl Food Policy Res Inst.
https://www.ifpri.org/publication/understanding-farmers-perc
eptions-and-adaptations-climate-change-and-variability

Kgosikoma, K. R., Lekota, P. C., and Kgosikoma, O. E. (2018).
"Agropastoralists’ determinants of adaptation to climate
change", International Journal of Climate Change Strategies
and Management, Vol. 10 Issue: 3, pp. 488-500,
https://doi.org/10.1108/1JCCSM-02-2017-0039

Maddison, D. (2006), “The perception of and adaptation to
climate change in Africa”, CEEPA Discussion Paper No. 10.
Centre for Environmental Economics and Policy inAfrica,
University of Pretoria. The Perception of and Adaptation to
Climate Change in Africa - CEEPA Discussion Paper No. 10.


http://www.sciencepg.com/journal/ijepp

International Journal of Environmental Protection and Policy

http://www.sciencepg.com/journal/ijepp

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

FAOQ, (2008). Climate change adaptation and mitigation in the
Food and Agriculture sector technical background document
from the expert consultation held on 5 to 7 March 2008 FAO,
Rome (p. 16).

Hox, J. J. & De Leeuw, E. D. (1994). Quality and Quantity, VVol.

28 No. 4, pp. 329-344, available at:
https://doi.org/10.1007/BF01097014

Marin, A. (2010). “Riders under storms: contributions of no-
madic herders’ observations to analyzing climate change in
Mongolia”, Global Environmental Change, Vol. 20 No. 1, pp.
162-176. https://doi.org/10.1016/j.gloenvcha.2009.10.004

Fern&dez-Llamazares, A., D ®z-Reviriego, |., Gué&e, M.,
Cabeza, M., Pyhda A. and Reyes-Garc &, V. (2016), “Local
perceptions as a guide for the sustainable management of nat-
ural resources: empirical evidence from a small-scale society in
Bolivian Amazonia”, Ecology and Society, Vol. 21 No. 1, p. 2,
available at: http://dx.doi.org/10.5751/ES-08092-210102

Yamane, T. (1967). Statistics, an introductory Analysis 2nd
Edition: Horper and Row. New York.

Tofu, A. D., K. Wolka, and T. Woldeamanuel. 2022. The
impact of alternative energy technology investment on envi-
ronment and food security in northern Ethiopia. Scientific re-
port 12(1): 10403.
https://doi.org/10.1038/s41598-022-14521-2

Mood, C. (2010). Logistic regression: Why we cannot do what
we think we can do, and what we can do about it. European
sociological review, 26(1), 67-82.
https://doi.org/10.1093/esr/jcp006

Cokluk, ©. (2010). Logistic Regression Analysis: Concept and
Application. Theory and Practice in Educational Sciences,
10(3), 1357-1407.

Wooldridge, J. M. (2010). Econometric analysis of cross sec-
tion and panel data (2nd ed.). MIT Press.

Feder, G., & Umali, D. L. (1993). Adoption of Agricultural
Innovations. A review. Technological Forecasting and Social
Change, 43, 215-239.
https://doi.org/10.1016/0040-1625(93)90053-A

Landau, S., & Everitt, B. S. (2004). A handbook of statistical
analyses using SPSS. Chapman & Hall/CRC.

173

[40]

[41]

[42]

[43]

[44]

[49]

[46]

[47]

(48]

Matata, P., Bushesha, M., & Msindai, J. (2019). Assessing
rainfall and temperature changes in semi-arid areas of Tanzania.
American Journal of Climate Change, 8(2), 173-189.
https://doi.org/10.4236/ajcc.2019.82010

Sangeda, A. Z., Maleko, D. D., & Mtengeti, E. J. (2013). So-
cio-economic and ecological dimensions of climate variability
and change for agro-pastoral communities in central Tanzania.
Livestock Research for Rural Development, 25(12), Article
#209. Retrieved from
https://www.lrrd.org/lrrd25/12/sang25209.htm

Cheo, A. E. (2016). Understanding seasonal trend of rainfall
for the better planning of water harvesting facilities in the
Far-North region, Cameroon. Water Utility Journal, 13, 3-11.

Niang, I., Ruppel, O. C., Abdrabo, M. A,, Essel, A., Lennard,
C., Padgham, J. and Urquhart, P. (2014). Africa, In Climate
Change 2014: Impacts, Adaptation, and Vulnerability. Part B:
Regional Aspects. Chapter 22: Africa - IPCC Fifth Assessment
Report.

Kadiro, G. K., & Beyene, P. (2020). Pastoralists’ perceptions,
vulnerability and their adaptation strategies to climate change
and variability: challenges to pastoral mobility in borana zone
of Southern Ethiopia (Doctoral dissertation, Haramaya uni-
versity).

Yanda, P. Z., Mabhuye, E. B., Mwajombe, A. R., & Msam-
bichaka, S. J. (2021). Tracking pathways to recovery from
climate shocks and resilience enhancement. Environmental
Management, 71, 99-113.
https://doi.org/10.1007/s00267-021-01569-5

Singh, A. K. (2020). Climate Change Vulnerability and Ad-
aptation in the Livestock Sector in Ethiopia. Orangebooks
Publication.

Opiyo, F., Wasonga, O., Nyangito, M., Schilling, J. and Mu-
nang, R. (2015). “Drought adaptation and coping strategies
among the turkana pastoralists of Northern Kenya”, Interna-
tional Journal of Disaster Risk Science, Vol. 6 No. 3, pp.
295-309, https://doi.org/10.1007/s13753-015-0063-4

Hassan, R. M., & Nhemachena, C. (2008). Determinants of
African farmers’ strategies for adapting to climate change:
Multinomial choice analysis. African Journal of Agricultural
and Resource Economics, 2(1), 83-104.
https://doi.org/10.22004/ag.econ.56969


http://www.sciencepg.com/journal/ijepp

