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Abstract

Climate change poses a major threat to livestock livelihoods in sub-Saharan Africa, especially for smallholder farmers relying
on climate-sensitive systems. This study examined farmers’ perceptions of climate change and its impact on livestock
productivity in Luangwa District, Lusaka Province, Zambia. A cross-sectional survey involving 129 smallholder livestock
farmers was conducted using structured questionnaires. Data analysis included descriptive statistics, ranking indices, and Likert-
scale mean scores. Results showed universal awareness (100%) of climate change among respondents, with major indicators
being reduced rainfall (93%), rising temperatures (93%), unpredictable weather (100%), and increased livestock diseases (80%).
Deforestation (rank index=0.266) was seen as the main cause, followed by population pressure (0.223) and agricultural activities
(0.174). Climate variability was believed to negatively affect livestock through less pasture (mean score 4.46), more diseases
(4.48), water shortages (4.53), heat stress (4.48), decreased fertility (4.43), and higher feed costs (4.58). Farmers used several
adaptation strategies, with vaccination (0.32), herd size reduction (0.25), and feed storage (0.22) ranked most important.
Constraints included lack of funds (0.19), insufficient pasture (0.17), limited information (0.14), and weak institutional support
(0.04). Despite challenges, most farmers rated their adaptation efforts as moderately effective and showed strong willingness
(99.22%) to participate in future programs. This study offers empirical insights into perception-driven livestock adaptation in
low-input systems, informing climate-smart livestock policies and extension in Zambia. It highlights the need for enhanced
institutional support, targeted extension services, and climate-smart interventions to improve resilience and sustainability of
smallholder livestock systems in Luangwa District.
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1. Introduction

Climate change represents the greatest environmental chal-
lenge threatening global food systems and agricultural sus-
tainability worldwide [1-6]. Recent studies across regions
consistently show that climate variability affects not only ag-
ricultural output but also broader socioeconomic systems,
health outcomes, and livelihood security [7-14]. These effects
are especially significant in Sub-Saharan Africa, where cli-
mate risks intersect with persistent structural issues, including
poverty, limited technological progress, weak infrastructure,
and heavy reliance on rain-fed agriculture [15-18]. Rather
than operating independently, these factors interact, amplify-
ing farmers’ vulnerability and reducing their capacity to adapt.

In this context, the livestock sector is vital for sustaining
rural livelihoods, accounting for approximately 40% of global
agricultural GDP and supporting nearly one billion people,
many of whom live in poverty [1, 2, 19-21]. However, grow-
ing research indicates that livestock production systems are
highly sensitive to climate change. Unpredictable rainfall,
prolonged droughts, flooding, and rising temperatures simul-
taneously affect feed supplies, water availability, and animal
health [1, 2, 23]. The overall impacts on both crops and live-
stock agriculture appear to be highly negative [24, 25]. When
temperature limits are exceeded, heat stress directly affects
livestock productivity and reproductive success [1, 26, 27],
while indirectly worsening water scarcity, forage quality, and
disease rates [28-31]. Together, these biophysical stressors
trigger cascading effects that undermine both crop—livestock
integration and the overall resilience of farms.

Recent studies highlight the importance of understanding
local vulnerability, given the multidimensional nature of these
impacts, as a foundation for effective adaptation [25, 32, 33].
Evidence indicates that farmers’ capacity to respond to climate
risks depends not only on the technologies at their disposal but
also on how they perceive and interpret climate change [34-
36]. Farmers need to identify shifts in climate patterns, evalu-
ate the associated risks, and identify practical response options
before they can adapt. Therefore, understanding farmers’ per-
ceptions of climate hazards is essential for developing adapta-
tion strategies that are suitable for the local context, socially
acceptable, and effective at boosting resilience. Therefore, ex-
amining farmers’ perceptions of climate-related hazards is
crucial, as this local awareness dictates adaptive behavior and
decision-making, serving as a prerequisite for identifying ef-
fective and context-specific resilience strategies [37-39].

Although sophisticated scientific analysis of climate change
exists, relatively little attention has focused on the perceptions
and adaptation options of the local communities experiencing
these changes firsthand. This gap highlights the need for in-
depth studies examining farmers’ understanding of these ex-
treme weather events and their consequences for livestock
production.
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To systematically examine these relationships, this study
adopts a conceptual framework linking farmers’ perceptions
of climate change, adaptation strategies, and livestock produc-
tivity outcomes.

Although there is increasing evidence that climate change
is affecting livestock systems, little empirical research has ex-
plored how smallholder farmers’ perceptions influence their
adaptation choices and their perceived outcomes for livestock
productivity in Zambia. Specifically, district-level data from
climate-vulnerable regions like Luangwa District are scarce,
where extensive livestock systems are prevalent and adaptive
capacity is limited.

This study seeks to evaluate how smallholder livestock
farmers in Luangwa District perceive climate change, under-
stand the impacts of climate variability on livestock produc-
tivity, and explore the adaptation strategies they use, as well
as the challenges that hinder their effectiveness.

This study employs a perception—adaptation—outcome
framework that views the impacts of climate change on live-
stock production as a connected process. Climate variability,
such as shifts in rainfall and temperature, influences farmers’
perceptions and awareness, which in turn guide their adapta-
tion strategies, including vaccination, herd size adjustments,
feed storage, and water management. The success of these
strategies in maintaining livestock productivity depends on
farmers’ adaptive capacity, which includes access to financial
resources, information, extension and veterinary services, and
natural resources. Consequently, livestock productivity results
from the interplay between perceived climate risks, adaptation
actions, and existing institutional and resource limitations.

2. Methodology

2.1. Study Location

The study was carried out in Luangwa District, South-East
of Lusaka province, Zambia. Specifically, the study was con-
ducted in the two chiefdoms, namely Mburuma and Mphuka,
which represent Luangwa District. The district is located in
the Rift Valley, at the confluence of the Zambezi and Luangwa
rivers at altitudes below 600 m above sea level. There are three
main seasons: a cold season from May to August (temperature
range 6-26°C), a hot season from September to October (17-
35°C), and a rainy season from November to April (14-30°C).
The main sources of livelihood in the district are fishing on
the two rivers (the Luangwa and Zambezi rivers), the produc-
tion of reed mats, and subsistence farming. The main cash
crops are maize, groundnuts, sweet potatoes, baobab fruit, and
pumpkins, and the common livestock kept are goats and
chickens [40].
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Figure 1. Map of Luangwa district.

2.2. Sampling Method

A 5% margin of error was applied in determining sample
size in the Yamane formula [41] for finite populations at a 95%
confidence level:

n=N/[1+N(e]

Where:

n = required sample size

N = total population size

e = level of precision (0.05)

Households were selected from official camp-level farmer
registers using simple random sampling to ensure representa-
tiveness.

The total number of registered livestock farmers was 190,
and the sample consisted of 129 registered farmers. Data were
collected through face-to-face interviews using structured
questionnaires. The questionnaire was pre-tested with a small
group of farmers outside the study sample to ensure clarity,
relevance, and consistency of questions.

The selected sample size was considered sufficient to ade-
quately represent small-scale livestock farmers in the district
and to produce reliable results, while remaining practical
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given the available time, logistical considerations, and re-
source limitations.

2.3. Data Collection and Management

A cross-sectional survey design was chosen because it ef-
fectively captures farmers lived experiences and adaptive re-
sponses, especially in data-scarce rural areas where long-term
climate and productivity records are limited. Data collection
was conducted by well-trained personnel due to their famili-
arity with the study area's geography and native language. It
was collected using a structured questionnaire, which ensured
that responses gathered sufficiently met the needs of all objec-
tives within the study. The structured questionnaire was de-
signed in English and pre-tested on 20 farmers in the study
area to ensure it suited the local conditions, but to obtain reli-
able responses, the questionnaire administration was con-
ducted using appropriate local terms in the common local lan-
guage (Chikunda and Nsenga - luzi) spoken by the people in
the study area. The structured questionnaire was designed to
collect primary data on the socio-economic characteristics of
the respondents, farmers' perception of climate change, per-
ceived causes of climate change, impacts of climate change on
livestock production, adaptation strategies in response to cli-
mate change, and barriers to adaptation measures.
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After the data were collected, it was entered into a computer
in an MS Excel sheet and made ready for analysis. All the col-
lected data were double-checked for any errors that occurred
during data collection and entry.

Primary data were collected from farmers to assess their
perceptions of climate change.

2.4. Data Analysis

Data were analyzed using MiniTab Version 21. Frequencies
were used to report qualitative results. Following, Farmers' ad-
aptation strategies and adaptation barriers to CC were ranked
using weighted average Indices using the formula: Index =
sum of (7 x number of responses for 1% rank +6 x number of
responses for 2™ rank +5 x number of responses for 3" rank+
4 x number of responses for 4" rank +3 x number of responses
for 5" rank +2 x number of responses for 6% rank +1 x number
of responses for 7™ rank) given for an individual adaptation
strategies or barriers to adaptations divided by the sum of (7 x
total responses for 1 rank +6 x total responses for 2" rank +5
x total responses for 3™ rank +4 x total responses for 4™ rank
+3 x total responses for 5™ rank +2 x total responses for 6%
rank +1 x total responses for 7™ rank) summed for overall ad-
aptation strategies and barrier to adaptation [43]. In determin-
ing farmers' perceived adaptation practices and barriers, re-
spondents were requested to rank their perceived strategies and
barriers based on a 1-7 rank, where 1 is the most important
rank for the causes of climate change, adaptation practices,
and barriers, and 7 is the least important rank for practices and
barriers.

Indices were constructed by normalizing ranked responses
on a consistent scale, where higher index values indicate
stronger perception or greater importance of the assessed fac-
tor.

Mean scores were calculated using the 5-point Likert
weighted mean Formula:

X = Y(wif) / Zfi

Where:

X = mean score of the Likert item

wi = weight assigned to the i response category (5 =
Strongly Agree, 4 = Agree, 3 = Not Sure, 2 = Disagree, 1 =
Strongly Disagree)

fi = frequency of responses in the i" category

2fi = N = total number of respondents.

Given the exploratory nature of the study and the ordinal
structure of perception data, analysis focused on descriptive
statistics, including mean scores and indices, which are appro-
priate for summarizing farmers’ perceptions and experiences.

Participation in the study was voluntary, and informed con-
sent was obtained from all respondents. Confidentiality of re-
sponses was ensured throughout the data collection and anal-
ysis process.
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3. Results

Table 1. Socio-demographic characteristics of respondents (n = 129).
Variable (n = 129) Percentage (%)

Sex of respondents

Male 61.7
Female 38.3
Age of farmers

Below 25 years 0.8
25-34 years 17.8
35—44 years 15.5
45-54 years 24.0
55 years and above 41.9
Household size

Less than 5 members 354
Between 5—10 members 60.8
More than 10 members 3.8
Level of education

None 39
Primary 61.2
Secondary 30.2
Tertiary 4.7
Experience in livestock farming

Less than 5 years 10.9
Between 5—10 years 39.5
More than 10 years 49.6
Monthly average household income

Less than K5,000 953
Between K5,000-K10,000 4.7
Above K10,000 0
Production system

Extensive system 100
Semi-intensive 0
Intensive 0

Table 1 displays the socio-demographic details of the 129
livestock farmers. The study reveals significant variation in
the socio-demographic profiles of individuals involved in
livestock production in Luangwa. Most respondents were
male (61.7%), with females comprising 38.3%, indicating a
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male dominance in livestock farming in the area.

Regarding age, the majority of farmers were 55 years or
older (41.9%), followed by those aged 45—54 years (24.0%).
Farmers aged 25-34 years (17.8%) and 3544 years (15.5%)
constituted a moderate proportion, while only 0.8% were un-
der 25 years, indicating limited youth participation.

Household sizes mostly ranged from 5 to 10 members
(60.8%), with 35.4% having fewer than 5 members and 3.8%
having more than 10 members.

In terms of education, most respondents had primary edu-
cation (61.2%), followed by secondary education (30.2%). A
small percentage had tertiary education (4.7%), and 3.9% had
no formal education.

Experience in livestock farming was generally extensive,
with nearly half of the respondents having over 10 years
(49.6%). About 39.5% had 5-10 years of experience, and 10.9%
had less than 5 years.

Most households (95.3%) earned below K5,000 per month;
only 4.7% earned between K5,000 and K10,000, and none

earned above K10,000, indicating predominantly low incomes.

All respondents (100%) practiced the extensive production
system, with no adoption of semi-intensive or intensive systems.

Table 2. Awareness and Perceptions of Climate Change among Re-
spondents (n = 129).
Variable (n = 129)

Percentage (%)

Awareness of climate change

Yes 100
No 0
Meaning of Climate Change

The rains are changing 100
It’s getting hotter 100
The weather is unpredictable 100
More droughts 90
Livestock diseases 80
Do you believe weather patterns have

changed in the last 10-20 years?

Yes 99.2
No 0.8
Change Observed

Less rainfall & High temperature 93
Less rainfall only 2.3
Less rainfall, More rainfall & High temper- 3

ature

Less rainfall, More rainfall, High & Low
temperature
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All respondents (100%) were aware of climate change and
demonstrated a clear experiential understanding, citing
changes in rainfall patterns, rising temperatures, unpredictable
weather, droughts, and more livestock diseases. Nearly every-
one (99.2%) reported changes in weather over the last 10-20
years, mainly reduced rainfall and higher temperatures (93%).

Table 3. Perception of the Causes of Climate Change among re-
spondents (n = 129).

Causes index
Deforestation 0.266
Population Increase 0.223
Agricultural Activities 0.174
Industrial Pollution 0.134
Natural Climate Variability 0.103
God’s Will/Anger 0.100

Table 3 shows farmers’ rankings of perceived causes of cli-
mate change using an index scale, with higher values indicat-
ing greater perceived importance. Deforestation and tree cut-
ting had the highest index value (0.266), followed by popula-
tion increase (0.223) and agricultural activities (0.174). Lower
index values were seen for industrial pollution (0.134), natural
climate variability (0.103), and God’s will or anger (0.100).

Table 4. Limiting factors to adaptability among respondents (n =
129).

Constraint index
Lack Of Finance 0.19
inadequate pasture/forage 0.17
information 0.14
Breeds 0.12
Land 0.11
Water 0.1
Limited Technical Knowledge 0.08
Poor Access to Veterinary Services 0.05
Inadequate Extension Support 0.04

Table 4 outlines the primary constraints affecting farmers’
ability to adapt, ranked by an index score. The most significant
factor is the lack of finance, with an index value of 0.19. This
is followed by limited pasture or forage resources (0.17) and
insufficient information (0.14). Moderate challenges include
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issues related to breeds (0.12), land availability (0.11), and
water scarcity (0.10). Less critical constraints consist of lim-
ited technical knowledge (0.08), difficulty accessing veteri-
nary services (0.05), and inadequate extension support (0.04).

Table 5. Adaptation responses and their perceived effectiveness (n =
129).

Category index
Most effective adaptation strategies

Vaccination 0.32
Reducing herd size 0.25
Feed storage 0.22
Water harvesting 0.12
Changing breeds 0.09

Table 5 shows the adaptation strategies livestock farmers
use to cope with climate variability, ranked by an index scale.

Vaccination has the highest index value (0.32), with reducing
herd size close behind at 0.25. Other measures are ranked
lower according to their index scores.

Table 6. Adaptation perceived effectiveness among respondents (n =
129).

Category %
Perceived effectiveness of strategies

Moderately effective 75.97
Very effective 22.48
Not effective 1.55

Effectiveness ratings (Table 6) reflect farmers’ subjective
opinions rather than objective productivity measures. The ma-
jority of farmers (75.97%) considered their livestock adapta-
tion strategies to be moderately effective, with fewer rating
them as very effective (22.48%) or not effective (1.55%). This
suggests mostly positive outcomes with some variation.

Table 7. Perceived impacts on livestock productivity among respondents (n = 129).

Strongly Agree Agree
Statement 5) % @) %
1. Changes in rainfall have reduced
o 50 47
pasture availability
2. Higher temperatures have in-
. . 55 40
creased disease incidence
3. Water shortages have increased
. . 60 35
livestock mortality
4. Heat stress has reduced animal 55 40
growth
5. Cll?mate variability has reduced 50 45
fertility
6. Feed prices have increased be- 65 30
cause of drought/flood
7. Reproductive performance has 48 47

been negatively affected

All statements recorded high mean scores (>4.0), indicating
strong agreement among respondents that climate variability
has negatively affected livestock productivity.

Table 7 outlines farmers’ views on how climate variability
influences livestock productivity. Most respondents concur
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Not Sure Disagree Strongly Disagree Mean
3) % 2) % 1) % score
2 1 0 4.46
3 2 0 4.48
3 2 0 4.53
3 2 0 4.48
3 2 0 4.43
3 2 0 4.58
4 1 0 4.42

that climate change has adversely affected livestock, as indi-
cated by high average scores across all statements (mean >
4.40). The foremost concern is rising feed prices, driven by
droughts and floods (mean = 4.58), which highlight wide-
spread fears of feed shortages linked to climate events. Water
scarcity, which increases livestock mortality, also received
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high ratings (mean = 4.53), underscoring the urgent need for
reliable water access for animals. Changes in rainfall patterns
are believed to have substantially reduced pasture availability
(mean = 4.46), further constraining productivity. Heat-related
issues are also significant; many agree that higher tempera-
tures have led to increased disease prevalence (mean = 4.48)
and slower animal growth (mean = 4.48), indicating heat
stress as a major challenge. Reproductive effects are similarly
observed, with climate variability perceived to decrease fertil-
ity (mean = 4.43) and impair overall reproductive success
(mean = 4.42).

4. Discussion

This discussion is based on the perception—adaptation—out-
come framework used in this study. This framework helps in-
terpret farmers’ perceptions of climate change as a major fac-
tor influencing their adaptation choices, with the success of
these adaptations in maintaining livestock productivity af-
fected by institutional, financial, and resource limitations.
These results represent farmers’ perceptions rather than actual
measurements of livestock productivity outcomes.

4.1. Socio-demographic Characteristics

The socio-demographic traits identified in this study match
earlier research showing that agricultural producers usually
have varied socioeconomic backgrounds [44]. These differ-
ences significantly affect their perceptions of climate change
and their ability to adapt. The higher percentage of male re-
spondents (61.7%) indicates that men still hold a key role in
livestock decision-making in the study area, influencing how
climate risks are understood and which adaptation measures
are chosen. Similar gender-based differences in livestock
ownership and management have been observed in various
African regions [42, 45]. However, evidence from different
regions shows that women can play a significant role in live-
stock management. This varies based on local labor practices
and cultural norms, emphasizing that gender roles in climate
adaptation are context-dependent.

The respondents' age profile indicates an aging farming
community, as many farmers are 55 years or older. While ex-
tensive experience may improve their capacity to recognize
long-term climate shifts, older farmers tend to depend more
on traditional knowledge and might be less willing to try new
or resource-heavy adaptation strategies. Similar age-related
adaptation challenges have been observed in smallholder live-
stock systems in other regions [47]. The limited participation
of younger farmers raises questions about the future sustaina-
bility of livestock production and its ability to adapt to rising
climate pressures.

Respondents generally had low educational levels, mostly
only primary education. This limitation could hinder their ac-
cess to climate information, extension services, and
knowledge-based adaptation strategies, which in turn could
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reduce their adaptive capacity. As previous studies have
shown, low formal education often correlates with lower
adoption of improved livestock management and climate-re-
silient technologies [42, 48-50]. Nevertheless, variations in lit-
eracy across regions highlight the need to customize adapta-
tion efforts to suit local educational environments.

Respondents' extensive livestock farming experience re-
flects a strong dependence on indigenous knowledge and tra-
ditional practices. While this experience can enhance aware-
ness of climate variability, it might also limit openness to new
adaptation strategies, especially those needing external inputs
or technical assistance [51].

Respondents with low incomes showed limited ability to
adapt, especially regarding capital-intensive options like bet-
ter livestock breeds, water infrastructure, and feed supple-
ments. Similar to other smallholder livestock systems, finan-
cial limitations prevent farmers from investing in purchased
feeds and supplements, even when these are acknowledged as
effective solutions to climate-related feed shortages [48, 52,
53]. The study area’s heavy dependence on extensive produc-
tion systems indicates that adaptation results are greatly influ-
enced by reliance on natural resources and the extent of insti-
tutional support. This pattern is commonly observed in cli-
mate-vulnerable livestock systems, where limited external in-
puts increase sensitivity to climate shocks.

4.2. Awareness and Perceptions of Climate
Change Among Respondents

Within the perception—adaptation—outcome framework,
farmers’ strong awareness of rising temperatures, unpredicta-
ble rainfall, and frequent droughts forms the initial step in the
adaptation process, since recognizing risks accurately is es-
sential for making well-informed and timely decisions about
adaptation.

The findings show that climate change is widely acknowl-
edged among the study participants, with farmers regularly
noting long-term changes such as altered rainfall patterns, ris-
ing temperatures, more frequent droughts, and higher rates of
livestock diseases over the last 10-20 years. This common ex-
perience highlights prolonged exposure to climate fluctuations
and emphasizes how lived experiences influence adaptation
strategies in large-scale livestock systems.

The prevalent view of increasing temperatures and decreas-
ing rainfall is consistent with evidence from other smallholder
livestock systems, where farmers’ observations match rec-
orded climate trends [50, 54-56]. This convergence increases
the reliability of perception-based assessments, especially
where formal meteorological data is scarce. The results indi-
cate that farmers mainly depend on direct environmental signs
and production results to inform their adaptation choices.

However, the differing perceptions of rainfall trends among
a few respondents underscore the subjective nature of climate
perception. This perception is shaped more by personal expo-
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sure to extreme weather events than by consistent climate pat-
terns. As previous research suggests, farmers’ views on cli-
mate change are influenced by how often, how severe, and
how these climatic shocks affect their livelihoods [57, 58]. Im-
portantly, perception-based evaluations are still crucial, even
if they don't perfectly match meteorological data, because they
ultimately influence how farmers perceive risk and decide on
adaptation strategies.

4.3. Limiting Factors to Adaptability

Within the perception—adaptation—outcome framework, the
success of adaptation heavily depends on farmers’ access to
financial, informational, and institutional resources. While
participants in this study showed a strong understanding of
climate change, various interconnected challenges hindered
their capacity to convert this awareness into consistent and ef-
fective adaptation measures. This reveals a significant gap be-
tween recognizing climate risks and taking adaptive action.

The main barriers recognized are limited financial re-
sources, decreasing pasture and water availability, and re-
stricted access to climate and livestock management data.
These challenges align with findings from other smallholder
livestock systems, where lack of capital, forage shortages,
poor veterinary services, and limited climate information sub-
stantially weaken adaptive capacity [1, 50, 59, 60]. Financial
constraints specifically limit farmers’ capacity to implement
capital-intensive adaptation strategies like adopting improved
breeds, providing feed supplementation, developing water in-
frastructure, and implementing disease-control measures.

Institutional limitations exacerbate these issues, as weak ex-
tension services and inconsistent veterinary support hinder the
dissemination of technical knowledge, early warning data, and
advisory services crucial for effective adaptation. Such insti-
tutional barriers have also been identified as a restriction to
climate adaptation in livestock systems, as they limit farmers’
participation with formal support frameworks [60, 61]. Evi-
dence from West African contexts also highlights insecure
land tenure and limited access to agricultural inputs as funda-
mental structural barriers to adaptation [62]. Overall, the find-
ings suggest that financial and informational barriers, along
with institutional weaknesses, primarily shape adaptive capacity
in the study area. These combined challenges prevent farmers
from converting their climate awareness and adaptation objec-
tives into sustained improvements in livestock productivity.

4.4. Perception of the Causes of Climate Change

Farmers in the study primarily see climate change as caused
by local environmental factors like deforestation, population
growth, and farming activities. According to the perception—
adaptation—outcome framework, these beliefs are based on
their daily experiences with increasingly degraded land. Such
perceptions influence the adaptation strategies farmers find
suitable or achievable. Focusing on local environmental
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causes might lead to responses that target immediate land
management issues, possibly overlooking wider, climate-fo-
cused solutions.

The recognition of climate change as a result of deforesta-
tion and human land-use activities shows a clear awareness of
human-influenced environmental changes within local pro-
duction systems. Likewise, many smallholder farmers across
different African regions frequently associate climate change
with land-use modifications and population pressures [46, 63].
Conversely, farmers viewed industrial pollution, natural cli-
mate variability, and supernatural explanations as less signifi-
cant, suggesting they mainly link climate change to observa-
ble human-made environmental damage.

However, differences in perceived causes across various
studies highlight the subjective and context-dependent nature
of understanding climate change. Research from different re-
gions indicates that natural processes or supernatural explana-
tions can be more significant than human activities [42, 64].
Notably, attributing causes to divine or supernatural factors
has been linked to lower perceived self-efficacy and less will-
ingness to take proactive adaptation, while recognizing hu-
man-driven causes generally enhances adaptive responses and
a sense of responsibility for change. These findings emphasize
how causal attribution influences both climate perception and
adaptive behaviors and outcomes [65].

4.5. Adaptation Responses and Their Perceived
Effectiveness

According to the perception—adaptation—outcome frame-
work, farmers in the study area mainly focus on coping with
immediate climate-related issues, such as rising disease rates
and feed shortages, rather than making long-term structural
changes to their production methods. The common use of vac-
cination, herd-size adjustments, and feed storage indicates a
preference for affordable, quick-to-implement solutions given
their limited adaptive capacity.

Vaccination was the most commonly used adaptation
method, followed by herd size reduction and feed storage. Wa-
ter harvesting and breed change were less frequent. This indi-
cates that farmers mainly see climate variability in terms of its
impact on livestock health and disease. Other climate-stressed
livestock systems also show a similar focus on disease control
and herd management as immediate coping strategies [1, 66].
Destocking is a common response to decreasing pasture avail-
ability and water scarcity, as it helps farmers lessen pressure
on limited natural resources.

Feed storage and supplementary feeding are additional
measures to buffer seasonal feed shortages, aligning with re-
search from integrated crop—livestock systems where stored
crop residues and supplementary feeds help maintain nutri-
tional stability in the short term [67]. In contrast, strategies
like breed change were used less often, probably because of
financial limitations, restricted access to better genetic re-
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sources, and the longer time needed for productivity improve-
ments to appear.

The farmer's strong preference for indigenous chickens, es-
pecially for traits like disease resistance, growth rate, and
body size, demonstrates an adaptive response to producing
chickens under variable and challenging environmental con-
ditions, increasingly affected by climate change [84].

Mobility-based adaptation strategies, like changing graz-
ing routes or increasing grazing distances, were not promi-
nent despite their typical use in pastoral systems. This may
be due to land-use pressures, land tenure issues, and gov-
ernance limitations that restrict spatial mobility, forcing
farmers to depend mainly on on-farm coping strategies [68,
69].

Most respondents considered their adaptation strategies
only moderately effective, with few viewing them as highly
successful. This indicates that although short-term coping
measures can offer temporary relief, they are not enough to
fully address the growing impacts of climate variability over
time. Other studies show that individual adaptation efforts are
often limited unless backed by robust institutional support, ex-
tension services, and infrastructure [70-72].

The high prevalence of moderately effective ratings shows
that most adaptation measures serve as short-term coping
strategies instead of long-term transformative approaches.
This aligns with literature emphasizing the importance of
stronger extension services, better early warning systems, and
increased institutional support to sustainably boost adaptive
capacity in livestock systems [73].

4.6. Effectiveness of Adaptation Strategies

Within the perception—adaptation—outcome framework, the
moderate success of adaptation strategies observed in this
study highlights a continuing gap between adaptation actions
and measurable productivity results. Significantly, this gap
seems to be primarily due to structural and institutional barri-
ers rather than farmers’ lack of awareness or willingness to
adapt.

Similar patterns are observed in various African livestock
systems, where adaptation strategies are seen as beneficial but
often limited in impact. For instance, research from Namibia
shows that farmers’ evaluations of coping strategies are inter-
nally consistent, yet their overall adoption remains low, indi-
cating that perceived usefulness alone does not ensure wide-
spread or lasting implementation [74].

In The Gambia, a perception index of 0.66 indicates a mod-
erate—rather than high—perceived effectiveness, aligning
with the frequent “moderately effective” ratings seen in this
study [75].

In contrast, data from South Africa's Amathole District
show that none of the adaptation strategies were viewed as no-
tably effective, underscoring even greater challenges to
achieving adaptive outcomes. Collectively, these findings
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show smallholder livestock systems exhibit moderate adapta-
tion under climate stress. While farmers implement strategies,
limited resources, support, and infrastructure hinder produc-
tivity gains. This underscores the need to combine farmer-led
adaptation with broader policy initiatives to close the gap be-
tween efforts and outcomes.

4.7. Perceived Impacts on Livestock
Productivity

In the perception—adaptation—outcome framework, reduc-
tions in livestock productivity are linked to farmers' percep-
tions of climate variability rather than actual measured data.
Although these evaluations rely on perception, they provide
important insights into how smallholder livestock farmers per-
ceive and respond to climate-related stressors, shaping their
adaptation approaches and management focuses.

Changes in rainfall have reduced pasture availability

Farmers widely believe that shifts in rainfall patterns have
reduced pasture availability, resulting in feed shortages and
decreased livestock performance. Similar connections be-
tween rainfall variability, shorter growing seasons, and reduc-
tions in forage quantity and quality have been noted in other
livestock systems [2, 29, 76, 77]. These perceptions are par-
ticularly crucial in large systems that rely heavily on natural
rangelands, where rainfall directly impacts forage availability.

Higher temperatures have increased disease incidence

Respondents associated higher temperatures with an in-
creased occurrence of livestock diseases. Previous studies
suggest that rising temperatures can raise disease risk through
heat stress, changing pathogen behavior, and enhancing vector
activity [22, 29, 78]. This study suggests that the perceived
threats of disease are probably why vaccination is seen as an
essential adaptation strategy.

Water shortages have increased livestock mortality

Water shortages are believed to elevate livestock mortality
rates, especially during extended dry spells. The decline in
surface and groundwater due to drought has been frequently
associated with higher livestock losses in rain-fed and pastoral
systems [79, 80]. Farmers’ perceptions of mortality risk un-
derscore the vulnerability of livestock systems, particularly
those dependent on water sources impacted by climate varia-
bility.

Heat stress has reduced animal growth

Farmers’ observations of decreased animal growth align
with existing research indicating that heat stress decreases
feed intake, interferes with metabolic processes, and ulti-
mately hampers growth across various livestock species [2, 78,
81], indicating that rising heat conditions are likely causing
noticeable drops in productivity, even in areas without direct
measurement.

Feed prices have increased because of drought/flood

Respondents’ views on increasing feed prices agree with the
literature, which shows that droughts and floods interrupt pas-
ture growth, reduce crop yields, and limit water resources.
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These effects constrain feed supplies and increase costs for
livestock producers [24, 82], which consequently hampers
farmers’ capacity to sustain livestock productivity as climate
stress intensifies.

Reproductive performance has been negatively affected,
and reduced fertility

Farmers’ reports of decreased reproductive success align
with existing evidence that heat stress and nutritional deficien-
cies impair fertility, disrupt reproductive processes, and re-
duce conception rates in livestock. This contributes to declin-
ing herd productivity during extended periods of high temper-
atures and feed shortages [2, 78, 83]. Farmers in Luangwa dis-
trict clearly recognize the impacts of climate change and im-
plement short-term coping measures. Nevertheless, their ac-
tions are hindered by scarce resources and insufficient institu-
tional backing. Given that these insights are based on percep-
tions, they underscore the need for better extension services,
financial aid, and climate-resilient systems to maintain live-
stock productivity.

5. Conclusion

This study shows that smallholder livestock farmers in Lu-
angwa District are very aware of climate variability and see it
as a major threat to their livestock productivity. Their percep-
tions strongly shape their adaptation efforts, which mainly in-
clude immediate strategies such as vaccination, feed storage,
and reducing herd sizes. However, ongoing financial, infor-
mational, and institutional obstacles limit how effective these
responses can be. Although the findings are based on percep-
tions rather than direct measurements, they highlight the need
to strengthen extension services, improve access to resources,
and introduce locally appropriate climate-smart livestock
practices to promote long-term resilience in Zambia.
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