Discover Sustainability

Research

Climate change adaptation strategies among smallholder livestock
farmers in Namibia’s Omaheke Region, Namibia

Ndjipua Avihe Tjaondjo Siririka' - Vonai Charamba'® . Johnfisher Mupangwa'® - Maria N. T. Shipandeni’
Absalom Kahumba'

Received: 11 October 2024 / Accepted: 5 March 2025
Published online: 18 March 2025

© The Author(s) 2025 OPEN

Abstract

The challenges of climate change are continuously increasing, constituting a major threat to livestock production, which
is more than a socio-economic cornerstone in Namibian rural communal farmers, contributing approximately two-thirds
of the country’s agricultural GDP. Climate variability, which may be in the form of drought, very high temperatures, floods
and frosts has been reported to have detrimental effects on feed and water availability, leading to reduced livestock
weight, growth, production and reproductive performance, and ultimately high mortality. Understanding smallholder
farmers’socio-psychological antecedents such as knowledge, attitudes and perceptions and the way they influence their
level of adaptation to CC mitigation strategies needs to be assessed, as it guides CC policy formulation and intervention
programmes. The study investigated CC perception and adaptation strategies for livestock farmers in Omaheke Region.
Data were gathered from (n=80) purposively sampled farmers in Epukiro and Otjombinde constituencies based on
livestock ownership. The study revealed that 93.8% of the respondents were aware that the climate is changing, with
attributes such as very high and very low temperatures, high and low rainfall, and drought having been noticed. Climate
change has been attributed to both human and natural activity. The study observed that the implementation of CC
adaptation strategies in livestock agriculture is low, thus recommends that the improvement of adaptation techniques
involving employing extension services, promotion of farmer-to-farmer extension, and utilization of various information
sources of climate knowledge, such as farmers’ associations and social organizations, should be the future policy priority.

Keywords Agriculture - Climate variability - Farmers’ perception - Livestock production - Resilience - Rural development -
Smallholder farmers

1 Introduction

Globally, the climate is changing and the public discourse on climate change (CC) has intensified [1] and is one of the
greatest challenges the world is currently facing [2, 3]. Climate change refers to ongoing changes in the global climatic
system, resulting primarily from anthropogenic global warming because of the increased and continuing emissions of
greenhouse gases, and the loss of vegetation cover and other carbon sinks [4] resulting in gradual changes in climate
norms, notably changes in the frequency, extent and severity of climate and weather extremes such as temperature,
rainfall, humidity and soil moisture [5, 6]. These weather extremes are increasing [2] and global warming shows no signs
of abating and is expected to bring long-term changes in weather conditions [2, 7].
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Drought and CC mostly affect agricultural and livestock production [8] which are the main sources of livelihood and
food for rural communities [9], posing considerable challenges to pastoralists and other economic activities on ranch-
lands. Climate change affects livestock growth rates, milk and egg production, reproductive performance, morbidity,
and mortality [10] leading to food insecurity, reduced market prices and household income [5] due to its impact on the
quality and quantity of feed crops and forage, water availability, livestock parasites and diseases and biodiversity [11].
Climate change continues to affect agricultural production negatively [12, 13].

Namibia is one of the largest and driest countries in Sub-Saharan Africa, characterised by high climate variability
through persistent droughts, unpredictable and variable rainfall patterns [14], high temperatures and water scarcity [3,
15], causing detrimental effects to the productivity of human, animal and plant life. In addition, climate models project
that Namibia will experience increasing frequency and intensity of climate extremes and temperatures are set to grow
much more than the global average [3, 16]. However, regardless of the susceptibility to climate variability, agriculture
still plays a very crucial role in the Namibian economy, supporting about 70% of the Namibian population[9] and 23%
rely on subsistence agriculture as their main source of income [14, 17]. Namibian agriculture rests on both livestock and
crop production, of which the livestock industry pre-dominates as the mainstay of the agricultural output and land use
in Namibia [18], with 78% of the arid to semi-arid environment used mainly to raise livestock to support the livelihood
of the people [19]. Most livestock production is based on extensive rangeland. However, Namibian agriculture is vulner-
able to climatic hazards such as recurrent drought and floods and other perils such as parasites and disease outbreaks
coupled with unusually high temperatures and erratic and irregular rainfall patterns [10, 20]

The CC topic has been well deliberated on for years now. The Government of the Republic of Namibia has not been
lying idle and has taken various measures by developing strategies and policies intended to capacitate the nation and its
populace in mitigating and adapting to the consequences of CC and other hazards. The National Drought Task Force [21]
drafted the National Drought and Policy Strategy (NDPS) in 1997 while the National Climate Change Committee (NCCC)
developed the National Climate Change Policy [22], the National Climate Change Strategy and Action Plan (NCCSAP)
2013-2020 [23], the Disaster Risk Management Act 10 of 2012 all aimed at guiding the national activities and measures
to mitigate CC hazards. These policies encouraged individual farmers to adopt self-reliant approaches to drought risk
mitigation. In addition, Namibia is an active part of the United Nations Convention on Climate Change and is eligible
to receive aid from interventions such as the Green Climate Fund, the Adaptation Fund and the Global Environmental
Facility. Furthermore, Namibia’s 5th National Development Plan (NDP5) (Working Together Prosperity 2017/18-2021/22)'s
aims for an increase in agricultural and livestock production and increased smallholder communal farmers productivity
and preparedness for effective response, recovery and reconstruction and increase the share of livestock productivity
[24]. Namibia is one of the 196 countries that partook in the Paris Agreement to limit global warming to 2 °C (or ideally
1.5°C). However, for Namibia, local warming and drying will be greater than the global average [16], implying that there
is an urgent need for Namibia to adopt extensive adaptive and transformative measures to deal with risks associated
with global temperature rises, extremely low temperatures in winter, floods due to unpredictably heavy rains and ever-
occurring droughts.

Omaheke Region lies in Eastern Namibia bordering Botswana and it is the western extension of the Kalahari Basin
Desert, at the edge of a vast basin of sand that determines vegetation and land use. Savanna characteristics of the Kalahari
Sands dominate the eastern two-thirds of the region with broad-leafed deciduous trees in the north and thorn species in
the south while the western parts are covered in Camelthorn -Terminalia species suited to browsing and grazing of ani-
mals [19]. Due to poor soils and rainfall variability, the region is considered less suitable for crop production and rain-fed
agriculture register [25] thus, extensive cattle ranching dominates land-use patterns. Consequently, the region is called
‘cattle country’because of its habitats[26], as livestock production (cattle farming in particular) is not just a mainstay in
the region’s economy, but also a cultural identity. About 6.7% of the regional population relies on subsistence agricul-
ture as their main source of income [27, 28] with livestock production being the main agricultural activity for 60% of the
region’s population. Omaheke is ranked as the fifth region with severely poor households [29] and is considered one of
the regions severely food-insecure [30]. Poverty among subsistence farmers is prevalent because of the low productive
potential of vegetation and soils of the Kalahari Sands, a high population of invader bush species than other parts of
the country [19], subsequently limiting the carrying capacity of the farmland’s prevalent climatic hazards. For instance,
prolonged drought conditions in 2018 led to the death of 300 cattle and the relocation of 17,000 cattle in the region
[16, 31]. The vulnerability assessment of 2012/13 on the impacts of drought ranked the Omaheke Region (38.2% of the
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population vulnerable) third behind the Kunene and Kavango regions [30]. However, groundwater is generally available
throughout the region [19].

Farmers’ ability to adopt CC mitigation strategies is driven by intrinsic factors such as perceptions, attitudes and
knowledge [32] and social capital [33] which are shaped by (i) experience, (ii) memory, (i) definition and (iv) expectation
[34]. In this case, perception refers to people’s understanding of the reality and causes of CC, its consequences, and the
factors that determine the decision to apply appropriate measures [35]. Knowledge refers to understanding information,
which is the conscious and non-symbolic perception of meaning[36], while attitudes refer to an object’s positive and
negative evaluation [37]. Practice refers to regular activities that are influenced by shared social norms and beliefs [38].
Hungerford and Volk [39] argued that knowledge of issues and possession of skills are required for behavioural change
(practices). Subjective norm refers to an individual receipt of social influence from peers and other important people
who wish that the individual would engage in a particular behaviour [40] while perceived behaviours such as the ability
to implement new farming practices to combat CC hazards.

A variety of factors play a role in influencing perceptions [41], making it important to identify general socio-psy-
chological antecedents that motivate people to engage in responses to CC hazards. People who perceived CC to be
real were more likely to support CC adaptation actions policy [42] but were not likely to engage in concrete adaptive
behaviours such as purchasing flood insurance and saving water during drought [43]. The more negative people per-
ceived the consequences, the more likely they were to invest in emergency measure strategies but not preparedness
measures [44]. Studies concluded that CC perceptions are more related to policy support but less associated with actual
behaviour. Because the country is highly susceptible to climatic disasters, and various policies have been developed,
the researchers found it necessary to assess the knowledge, attitudes perceptions and practices of livestock farmers
towards CC to determine the cognition factors that affect individual and collective practices that address consequences
of CC as knowledge, attitudes and practices (KAP) are critical for behavioural change. So, the KAP model was structured
to quantify and analyse what is known (knowledge), believed (attitudes) and done (practices) concerning CC and how
these social discourses are interrelated so that intervention can be targeted as well as information pathways that can be
utilized when disseminating CC information to the general public. Currently little is known about how livestock farmers
in Omaheke Region perceive climate change, their adaptation and mitigation strategies they adopt in order to sustain
their livestock agriculture. Consequently, an in-depth understanding of how livestock farmers in Omaheke Region per-
ceives climatic trends and their implications to livestock farming is very useful in contributing to minimizing the impact
of climate change to livestock agriculture. Therefore, the objective of this study was to assess the knowledge, attitudes,
and perceptions of livestock farmers to CC and the way they influence their level of mitigation and adaptation strategies.

1.1 Conceptual framework

The conceptual framework for the study is shown Direct Acrylic Graph (DAG) in Fig. 1. The study conceptualises that
farmers’ exposure to information on climate change and their past experiences on climate change will shape their
awareness of climate change, which will in turn build their beliefs on whether the climate is changing, knowledge and
understanding about the climate change phenomenon, its causes and risks. The knowledge, beliefs and understanding
of climate change contribute to their attitudes and perceptions towards the climate change phenomenon and the infor-
mation they receive about climate change and the risks associated with CC. From attitudes and experiences, different
coping strategies emerge, based on the farmers’ understanding, willingness to adopt the climate change adaptation and
mitigation strategies, and perceptions towards climate change risks. For instance, farmers who perceive that climate is
a significant threat and will continue to change in future may be motivated to learn more about its causes and impacts
and adaptation strategies they can implement to vie the consequences of CC.

2 Materials and methods
2.1 Description of study area

The study was conducted in Otjombinde and Epukiro constituencies of the Omaheke Region of Namibia (Fig. 2), located
at latitude 21.83° 50’ south; longitude. 20.75°45’ east and an altitude of 1,236 m above sea level. The region lies in eastern
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Namibia on the border with Botswana and is the western extension of the Kalahari Desert. The annual mean temperature
ranges from 15 °C to 38 °C, and the mean annual rainfall ranges from 300 and 400 mm [45]. As of 2011, livestock farming
was the most dominant agricultural activity, sustaining the livelihoods of 26.5% of the regional population, followed
by crop farming (7.4%) and poultry production (6.6%) [27]. Livestock farming in the Omaheke Region includes cattle,
goats, sheep, and poultry and these dominate in all constituencies of the regions, being highest in Epukiro Constitu-
ency where 64.8% of 1231 households were into livestock farming followed by Otjombinde Constituency where 44.7%
of 1505 households farmed with livestock [27]. As a result, the Epukiro and Otjombinde constituencies were selected
ahead of the other five constituencies in the region because of a greater proportion of households that are reliant on
livestock production.

2.2 Sampling methods and data collection techniques

A total of 80 households was sampled, calculated based on the population of livestock farmers in Epukiro and Otjombinde
constituencies (approximately 1500), 95% confidence interval, 8% error margin and an estimated proportion of farmers
implementing agricultural coping strategies of 30%, following findings by Charamba et al. (2021) who reported 34% of
the households in Etayi Constituency preserved pearl millet stocks for livestock feeding. Households were purposively
sampled for the study where farmers with more than 10 animals were eligible for the survey. In each constituency, 10
villages were randomly selected and, in each of the villages, 5 farmers with more than 10 cattle were selected. The house-
hold heads of the selected households or their proxies above 18 years in their absence, were interviewed.

A structured questionnaire was used to collect data from the livestock farmers. The questionnaire was pre-tested with
households in another village not sampled for the study. Both quantitative and qualitative data were collected through a
household knowledge, attitudes and practices (KAP) survey to measure respondents’ general knowledge of CC, including
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their understanding of what CC is, causes and perceived impacts of CC. Data on socio-economic characteristics, farmers
perceptions of CC and adaptation strategies developed by farmers to address CC and factors affecting farmers’ ability to
implement adaptation/coping strategies to mitigate or cope with CC were collected using a semi-structured questionnaire.
The questions related to the general CC perception were open-ended, while the specific questions related to CC effect and
temperature and rainfall were organized with sequential options.

2.3 Data analysis

The questionnaire’s internal consistency was assessed using Cronbach’s alpha reliability coefficient. Descriptive graphical,
tabular, and summary statistics were presented. The chi-square test of association was employed to assess the relationship
between farmers' knowledge, attitude and experiences with the adaptation practices they implement to mitigate drought
consequences. If the relationship was statistically significant, the odds ratios obtained by exponentiating the log odds from
the Binary Logistic Regression Model (BLRM) were utilised to assess the strength of the association between the variable and
the copying strategy (response variables).

The overall quality of information received from the supporting organisations (church, NGOs, extension officers, farmer-to-
farmer, Indigenous Knowledge Systems and farming organisations) was determined by computing the mean for responses
on timeliness, access, accuracy, reliability, ease of use and depth of content, all measured on a three-point Likert Scale (poor
(1), moderate (2) and good (3)). The resulting interval scaled mean was interpreted where 1-1.66 (poor), 1.67-2.33 (moder-
ate) and an average of 2.34-3 was considered to be good following Pimentel [46]. The five-point Likert scale (strongly disa-
gree, agree, neutral, agree, strongly agree) was dichotomized to a disagree (neutral, strongly disagree, disagree) and agree
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(agree, strongly agree) following suggestions by Jeong and Lee [47] before the Chi-square and odds ratios were employed
for further analysis.

3 Results

The Cronbach’s alpha (a) coefficients for related questionnaire items measuring the same construct were high for reli-
ability. Coping strategy items (a=0.801), losses observed due to CC (a=0.913), the effectiveness of coping strategies
(a=0.825), attitudes towards institutions providing CC information (a=0.913) and severity of the impacts of CC (a=0.724),
an indication that the questionnaire items were consistent in the construct they were measuring. Coping strategies such
as growing fodder under irrigation were removed from further analysis as any of the interviewed small-holder farmers
did not implement them.

3.1 The demographic characteristics of the Otjombinde and Epukiro constituencies

Table 1 presents the socio-economic-demographic characteristics of the respondents in the Otjombinde and Epukilo
constituencies. The study sample was largely composed of men (76.3%). The ages of the sampled farmers ranged from
20 to over 61 years with an average age of 46 years. About 95% of the sampled farmers rely on livestock production as
a source of livelihood and 30% are into crop production (both categories include farmers who practice both livestock
and crop production). About 88.8% of the respondents farm on state-owned communal farms of more than 2.5 hectares
while 11.2% of farmers own private land that they had purchased or inherited. Approximately 57% of respondents earn
above N$ 10 000 on-farm while 23.4% and 19.5% earn from N$ 5001-10 000 and > N$ 5000, respectively. Regarding
off-farm income, about 41% of the farmers earn off-farm revenue of over N$ 10,000. The respondents had an average of
13 years of farming experience, ranging from 5 to 21 years (not shown in the table). Concerning the education level of
the households, about half of the farmers attained tertiary level education (48.8%), while 25% had a secondary education
with only 3.8% having no formal education.

Table 1 The socio-

. Attribute Frequency Percentage Attribute Frequency Percentage
demographics of the
respondents (n=80) Gender Marital status

Male 61 76.3 Single 51 66.3
Female 19 238 Married 35 43.8

Age Educational level
Less than 20 years 3 38 No formal education 3 3.8
20-40 years 33 413 Primary 18 225
41-60 years 36 45.0 Secondary 20 25.0
61 years and over 8 10 Tertiary 39 48.8

Farming activities Farming experience
Livestock 76 95.0 0-5 years 6 7.5
Crop 24 30.0 6-10 years 18 225
Poultry 6 7.5 11-15 years 18 225

16-20 years 13 16.3
Above 20 years 25 313

On -Farm Income Off - farm income
Less than N$ 5000 15 19.5 Less than N$ 5000 8 104
N$ 5001-10 000 18 234 N$ 5001-10 000 14 175
Above N$ 10 000 44 57.1 Above N$ 10 000 33 413
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-kl;aybfl:rrzn e,\r/}saijr?ifsgi) gisfg\;ia(:\rs Change Frequency Percentage

Prolonged droughts 72 91.3

Very hot seasons 46 57.5

Very cold winter seasons 22 27.5

Very wet seasons 7 8.8

Floods 2 2.5

Violent winds 15 15
Table3 The views of . . Reason for CC Strongly Disagree (%) Neutral (%) Agree (%) Strongly
respor?dents on why climate is Disagree Agree
changing (n=80) (%) (%)

Human activities 13.8 7.5 6.3 213 43.8

Natural change 7.5 13.8 27.5 3338 10

Both natural changes and human causes 8.8 12.5 23.8 35 13.8

Not sure if the climate is changing 13.8 225 15 15 6.3

The climate is not changing 23.8 338 8.8 0 3.8

3.2 Smallholder livestock farmers’ knowledge of CC

The survey results showed that about 93.8% of the farmers were aware of the CC phenomenon, while 97.5% have noticed
the change in climate over the past 10 years. The major changes observed were prolonged droughts and very hot seasons,
observed by 91.3% and 57.5% of the respondents, respectively among other changes (Table 2).

Respondents had different opinions as to why the climate is changing (Table 3). About 65% of the respondents believe
that CC is caused by human activities such as deforestation, overgrazing, mining, de-bushing and explosions (Box 1),
while 44% agreed that the climate is changing naturally. However, about 4% of the respondents strongly agreed that
the climate is not changing. Moreover, some respondents believe that the world is experiencing very high temperatures
because the sun is getting closer to the Earth (Box 1).

3.2.1 Box 1: Causes of CC according to the interviewed farmers

1."Yes the climate has severely changed, raining patterns have adjusted to different months, and increased temperatures”

2. "Yes the climate is changing due to carbon emissions and deforestation and overgrazing and an increase in the population of carbon
monoxide"

3. "The ecosystem is changing because of human behaviour e.g. mining, de-bushing, and explosions"

4."The climate is changing, and we are now experiencing drought regularly and it has become very hot because of global warming,
increase in population, pollution, and industrialization"

5. "This heat we are experiencing nowadays is all because the sun is getting closer to the earth"
6. "This is all caused by human beings because industries emission, oil and gas emission, production of electricity from fossil fuels"

Sixty-five percent of the respondents indicated that early warning signals that help smallholder farmers to predict upcom-
ing weather include atmospheric indicators such as moon position, wind swirls and cloud cover. About 47.5% and 38.8%
of farmers stated that animal behaviour, and plant phenology, respectively, provided them with early warning signs.
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Table 4 Farmer’s perception
of the main impact of CC on
the local community

Table 5 Farmer’s perception
of the losses experienced by
livestock production (n=80)

The perceived main impact of CC

Perceived extent of impact

Very severe (%)

Moderately severe  Not severe (%)

(%)
Crop production losses 36.3 33.8 6.3
Livestock production losses 36.3 47.5 8.8
Infrastructure 338 225 55.0
Disease outbreak 35.0 375 15.0
Food insecurity 47.5 33.8 5.0
Water shortages 60.0 28.8 2.5
Lower no growth of vegetation 26.3 42.5 15.0

Perceived loss

Perceived extent of loss

Very severe (%)  Moderately

severe (%)

Not severe (%)

The growth rate of livestock has decreased
There have been decreases in livestock weight
Decrease in milk production

Negative impact on lactation length

Decrease growth of young stock (calves, kids, lambs)
Increase in livestock diseases

Increase in pests and parasitic infections
There have been increases in livestock deaths
Decreased conception rate

Feed and fodder resources are decreasing
Shortage of high-quality fodder

There is a scarcity of water resources

Decrease in intensity of estrous period
Reduction in reproduction rates of livestock
Limited grazing lands for livestock

Decreased number of natural water resources
Loss of farm income or earnings

Land degradation

375 42.5 8.8

213 43.8 13.8
25 338 18.8
13.8 388 20

17.5 28.8 28.8
213 30 263
325 28.8 15.0
30 338 12.5
13.8 375 213
17.5 325 25.0
17.5 27.5 28.8
26.3 313 18.8
12.5 36.3 213
17.5 36.3 23.8
46.3 20.0 10.0
45 213 1.3
36.3 28.0 7.5

355 40.3 24.2

3.3 Farmers perceived impacts and losses experienced due to the changing climate

Table 4 shows the impacts that farmers perceived to have incurred due to CC. More than 60% of the respondents experi-
enced severe water shortages. In addition, severe livestock (36.3%) and crop production losses (36.3%) were experienced
in the past 10 years, resulting in severe food insecurity (47.5%). Very severe (26.3%) to moderately severe (42.5%) low
vegetation growth was reported to have occurred in the past 10 years. However, CC never impacted much on infrastruc-
ture, with 55% of the farmers considering the damage incurred not to be severe.

Table 5 gives the severity of the losses incurred by the farmers in livestock production over the past 10 years. A very
severe and moderately severe decrease in growth rates of livestock was noticed by 80% of the farmers while about 65%
experienced moderate to severe reduction in livestock weight over the past 10 years. Severe decrease in milk produc-
tion (58.8%), severe to moderate increase in disease incidents (51.3%), decrease in fodder and feed resources (50%) and
limited grazing lands (66.3%), water scarcity (57.3%) and reduced reproduction rates (53.8%) were observed over the
past 10 years, leading to loss of income (71.3%).
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Table 6 .Clima.te chz?ngg Attribute Frequency Percentage %
information dissemination
pathways Sources of information

Radio 64 80

Newspaper 33 413

Television 48 60.0

Farmer to farmer 43 53.8

Extension officer 14 17.5

WhatsApp messages 34 42.5

The institution that provides support

Extension services 35 43.8

Farmers organization 51 63.7

Social groups 25 313

NGOs 9 1.3

Family member 6 7.5

Media 43 53.8

3.4 Climate change information dissemination

About 92.5% of farmers receive climate information on CC while only 5% of the respondents have received training on
CC. Most farmers received CC information over the radio (80%), followed by television (60%) (Table 6). Moreover, farm-
ers receive CC information from other farmers (53.8%) and via WhatsApp (42.5%). Extension officers were ranked least
source of information with only 17.5% of the farmers receiving CC information from them. Only 5% of the interviewed
farmers received training on CC adaptation. However, farmers get support on animal care and wellbeing from farmer’s
organizations such as the Epukiro Farmers Association (63.7%), extension services (43.8%), social groups (31.3%), NGOs
(11.3%) and the media such as televisions, radios and social media (53.8%).

Farmers’ perceptions of the knowledge and resourcefulness of extension officers in building their CC adaptive capac-
ity were examined. About 51% of the farmers either agreed or strongly agreed that extension offers are knowledgeable
about CCissues, 35% were neutral, while 13.8% of the farmers disagreed that extension officers are knowledgeable about
CC. In addition, 38.7% of the farmers agreed that extension officers are resourceful on CC issues, 40% were neutral and
21.3% disagreed that extension officers serving their area are resourceful on CC issues.

The perception of the quality of information provided by the supporting institutions in terms of timeliness, accuracy,
reliability, accessibility, usability, and breadth of content about CC is presented in Fig. 3. The results show that farmers
had not considered information received from most institutions and organizations to be of high quality as most institu-
tions were ranked poorly (average of 1-1.66) across all facets. However, NGOs had a moderate reliability score. Extension
services fared poorly on timeliness but scored moderately (1.67 — 2.33) on reliability, accessibility, ease of use, accuracy

Fig. 3 Institutions ranks on Timeliness
information dissemination. 250

NGO Non-governmental 2.00

organisation, IKS Indigenous Depth of Content Accuracy
knowledge systems 56
100
Ease of Use Accessibility
Reliability
= Church NGO Extension Officers
Farmer to farmer IKS Farmer organisations
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:zlzjlil'?eircr():ecr(c)sii\r/]egdStrategies Coping strategy Yes No If yes, to what extent?
effectiveness in mitigating CC Not effective Effective Very effective
consequences

Using improved animal breeds 27.5 72.5 0.0 429 57.1
Changes in the breeding season 1.3 88.7 0.0 60.0 40.0
Dietary change for livestock 35 65 7.1 714 21.4
Dipping of livestock 67.5 325 5.6 425 51.9
Using dose treatments 76.3 23.7 1.7 42.6 55.7
Uses of encroacher bush as feed 1.3 88.7 6.7 75.6 17.8
Vaccination of livestock 76.3 237 17 36.0 62.3
Fodder production 16.3 83.7 0.0 63.6 36.4
Fodder conservation (grass hay/silage) 15 85 57 49.0 45.2
Preserving pearl millet stalks 10 90 16.7 50.0 333
Supplementary feeding 275 725 6.8 754 17.8
Fencing of grazing lands 25 75 7.7 385 53.8
Mixed livestock farming 63.7 36.3 3.9 68.7 274
Cross-breeding of local breeds 62.5 375 4.1 57.1 38.8
Provision of shade for livestock 225 77.5 4.0 52.0 44.0
Plant shade trees in rest camps 12.5 87.5 4.0 52.0 44.0
Land management to degradation 7.5 925 20.0 40.0 40.0
Water harvesting and storage 70 30 1.9 375 60.6
Water conservation 40 60 0.0 44.0 56.0
Rainwater harvesting 50 50 0.0 444 55.6
Dams 42.5 57.5 0.0 423 57.7
Tanks purchased 525 47.5 0.0 353 64.7
Drilling wells and boreholes 62.5 375 0.0 39.0 61.0
Fencing water sources 16.3 83.7 0.0 50.0 50.0
Pastoral nomadism 38.8 61.2 9.8 45.1 45.1
Diversifying income source 36.3 63.7 10.5 62.0 27.5
Destocking 35 65 54 40.6 54.0
Switching to another agro-enterprise 13.8 86.2 27.5 543 18.1
Dependent on social welfare 10 90 153 233 61.3
Use of insurance 10 90 12.3 64.2 23.6
Selling assets 10 90 24.8 62.4 12.9
Other* 11.3 88.7

*Other coping strategies include livestock insurance, provision of bedding for livestock in extreme
weather, planting of fodder trees around camps, changing livestock composition, keeping more livestock
to reduce reliance on crops and irrigation system

and depth of information. Information farming organisations, flowed by farmer-to-farmer communications were mod-
erately rated ahead of all the other institutions.

3.5 Climate change adaptation practices employed by the smallholder livestock farmers.

The results showed that 90.8% of farmers had observed CC, while 61% of them reacted to this change. Table 7 shows
adaptation practices made by livestock production farmers to curb the effects of CC and their perceived effectiveness
in mitigating CC hazards. The common strategies employed include drilling wells and boreholes (62%), construction of
small dams to capture rainwater (42.5%), purchasing water tanks (52.5%) using improved livestock breeds (27.5%), pro-
vision of shade (22.5%), provision of supplements (27.5%), fodder production (16.25%), changing the breeding season
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(11.5%), fencing of grazing lands (25%,) and practised pastoral nomadism (16.25%). Other coping strategies such as
livestock insurance, provision of bedding for livestock in extreme weather, planting fodder trees around camps, chang-
ing livestock composition, and keeping more livestock to reduce reliance on crops and irrigation systems were lowly
implemented. Farmers perceived the effectiveness of various coping mechanisms in addressing the consequences of
CCon livestock production. Use of encroacher bush-based feed, vaccination and storage were reported to be the most
effective strategies undertaken by the farmers with 47.5%, 42.5%, and 42.5%, respectively. Using improved breeds was
ineffective as 38.8% of farmers agreed.

According to the information in Box 2, farmers who do not implement any CC adaptation strategies are constrained by
government regulations that include financial resources, lack of knowledge, and the difficulty of implementing adapta-

tion strategies in communal area setup.

3.5.1 Box 2: Reasons for not employing CC adaptation strategies

"We are communal farmers and it is always tough to introduce adaptation measures"

"We cannot implement any adaptation measures because of governmental regulations and limitations in the communal area"
"It is very costly to make dams or to purchase water tanks. we don’t have money

"Yes, it is very hot and our livestock are dying but we do not know what measures to take"

"We don’t know what to do with these impacts of drought and no information is available for us"

“We don't have money”

Farmers were asked about their attitude when dealing with CC. About 66% of the farmers felt concerned about deal-
ing with CC,18% felt helpless, 14% felt motivated and to a lesser extent, 2% felt confident in dealing with CC. From the
responses in Box 3, most farmers perceived that CC would continue in future, if not worsen depending on human activi-
ties, hence it is necessary to try and adapt as well as predict the future.

3.5.2 Box 3: Perceptions on whether CC will continue or not

"Yes, because | believe that CC will forever change, because of the people that degrade the land"

Table 8 Chi-square test p-values on the effects of knowledge and experience on climate change adaptation practices
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Table 9 Chi-square test p-values on the effects of climate change impacts (experiences) on adaptation practices
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rate 55 83 57 84 55 38 24 67 22 81 36 55 67 79 26 67 09 24 59 09 37 44 99 29 05 38
Decreasedw 0.3 0.4 0.7 0.5 0.7 0.2 0.4 0.4 0.2 0.8 0.6 0.3 0.4 0.6 0.7 0.4 0.1 0.1 0.1 0.2 0.3 0.4 0.4 0.6 0.8 0.3
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82 42 34 77 08 86 74 18 07 57 87 98 82 83 76 43 38 42 61 93 38 37 64 95 34 03
Pests and 0.1 0.4 0.0 0.1 0.2 0.2 0.2 0.4 0.0 0.5 0.6 0.1 0.5 0.3 0.2 0.1 0.4 0.2 0.4 0.2 0.2 0.4 0.5 0.4 0.5 0.2
parasites 81 16 36 31 39 81 95 53 38 80 75 46 47 02 98 03 09 32 09 41 95 06 87 71 46 03
High 0.5 0.6 0.2 0.4 0.2 0.1 0.6 0.4 0.4 0.1 0.7 0.2 0.4 0.3 0.1 0.4 0.3 0.4 0.0 0.2 0.2 0.4 0.0 0.1 0.4 0.0
mortality 51 55 41 08 50 71 17 87 86 79 00 61 87 37 08 87 50 50 73 85 94 04 02 77 04 49
Low 0.3 0.4 0.6 0.1 0.5 0.1 0.5 0.7 0.5 0.4 0.8 0.2 0.2 0.6 0.0 0.0 0.3 0.2 0.2 0.3 0.2 0.7 0.4 0.0 0.3 0.2
conception 14 15 98 23 96 75 55 42 21 30 62 44 58 38 03 17 40 34 45 23 31 45 59 15 94 51
rates
Feed 0.8 0.4 0.6 0.0 0.5 0.5 0.2 0.5 0.2 0.4 0.7 0.0 0.4 0.6 0.0 0.0 0.0 0.2 0.2 0.5 0.1 0.5 0.1 0.1 0.2 0.2
insecurity 98 43 17 72 54 32 77 23 98 94 25 28 77 24 25 20 88 94 92 37 92 99 75 52 57 59
Water 0.5 0.0 0.0 0.2 0.5 0.2 0.4 0.4 0.3 0.2 0.7 0.2 0.4 0.3 0.5 0.3 0.4 0.3 0.5 0.2 0.5 0.5 0.4 0.2 0.2 0.0
scarcity 06 38 76 74 06 82 33 59 35 22 37 55 59 96 00 93 05 24 95 68 24 00 16 27 37 87
Decreased 0.4 0.2 0.7 0.1 0.1 0.6 0.2 0.7 0.5 0.5 0.6 0.7 0.3 0.4 0.7 0.6 0.6 0.3 0.6 0.5 0.3 0.3 0.4 0.4 0.1 0.5
estrous cycle 81 41 39 36 98 42 55 64 36 12 88 64 34 36 64 23 23 26 23 11 60 69 28 35 12 12
intensity
Decreased 0.2 0.4 0.6 0.4 0.5 0.2 0.5 0.1 0.6 0.7 0.3 0.5 0.1 0.2 0.5 0.5 0.4 0.5 0.3 0.4 0.6 0.3 0.2 0.1 0.6 0.3
reproductive 87 22 03 57 70 75 98 88 03 75 50 98 25 05 98 03 22 03 32 31 05 21 88 66 03 53
rates

"Yes, the climate will continue to change from now onwards and maybe we should try and predict the future"

"Yes, the climate will continue to change in the future and farmers need to learn and adapt fast for profit-based farming"

"The world is becoming more and more industrialized and hence the climate will continue to change"

"Yes, CC is never-ending. It will continue in the future or even get worse depending on what we are going to do as human beings
"Yes, but we don’'t know what the future holds"

"Yes, and it depends on us human beings whether it will be better or worse"

"Yes the climate will continue to change if we continue to pollute the environment"

"Yes, the climate will continue to change in the future but we have some knowledge on how to go about it"

”

3.6 The effect of knowledge and experiences on CC adaptation practices

From the results shown in Table 8 CC awareness did not significantly affect the coping strategies implemented by the
small-holder farmers except for rainwater harvesting. Experiencing prolonged drought did not affect the employed
adaptation practices. However, experiencing scorching seasons significantly (p < 0.05) affected fodder conservation,
with households that reported the experience having 4.444 odds of conserving fodder, preserving pearl millet stalks
(OR=5.923), conserving water (OR=4.592) and harvesting rainwater (OR=3.657) than those that did not report the
experience. Farmers who experienced frigid seasons were more likely to provide shade/shelter (OR=3.111), conserve
fodder (OR=2.280), harvest rainwater (OR=3.778) and construct dams (OR=2.545). Farmers who observed very wet sea-
sons were less likely to conserve hay and silage (OR=0.077), harvest rainwater (OR=0.145), and drill wells and boreholes
(0.667). However, wet seasons make farmers keep more livestock (OR=1.667).

Experiencing decreased livestock growth and weight negatively impacted lactation length, decreased oestrous cycle
and decreased reproductive performance did not (p > 0.05) affect the CC adaptation practices employed by the small-
holder farmers in the Epukiro and Otjombinde constituencies (Table 9). Increased disease incidence led farmers to
change their livestock composition (OR=1.952) and divert to small stock (sheep and goats) and poultry production in
backyards. The incidence of pests and parasites led farmers to change their livestock composition (OR =1.857). High
mortality rate experience led farmers to replace exotic breeds with indigenous breeds (OR =2.3) as well as fencing
water sources (OR=1.857) (p <0.05). In addition, farmers who observed a severe decrease in conception rates resorted
to practices, such as land management (OR=1.45), and changing livestock composition (OR=2.294). A decrease in feed
security significantly (p <0.05) affected the use of bush feed (OR=2.176) and fencing of water sources (OR=2.618) as
CC adaptation strategies.
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Table 10 Chi-square test p-values on the effects of information dissemination on climate change adaptation practices
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Change livestock
boreholes

Improved Breeds
Planting of shade
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Table 11 Chi-square test p-values on the effects of attitudes and perceptions on climate change adaptation practices
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3.7 Effect of CC information dissemination on CC adaptation practices

From the results in Table 10, farmers’ reception of information on CC did not (p > 0.05) affect any of the adaptation prac-
tices. However, training on CC significantly affected the use of bush-based feed with farmers who have been trained
having odds of 35.000 of using bush feed as a coping strategy. In addition, the reception of CC information through all
media channels (newspaper, radio, TV, WhatsApp) significantly (p < 0.05) affected the fencing of water sources adaptation
practice (OR=3.109). Receiving CC information from other farmers affected the purchasing of water tanks (OR=3.760) and
fencing of water sources (OR=28.695) strategies. Information received from the extension officers affected (p < 0.05) sup-
plementary feeding (OR=5.882), purchasing of water tanks (OR=1.330) and destocking (OR=3.938) adaptation practices.

3.8 Effects of attitudes and perceptions of farmers’ CC adaptation practices

From the results in Table 11, the perception that the climate is not changing did not significantly (p > 0.05) affect any
of the adaptation practices. However, attitude when dealing with CC (whether concerned, helpless, confident or moti-
vated) significantly (p < 0.05) affected fodder production and the use of bush-based feed with those who are motivated
and confident more likely to implement long-term coping strategies than those who are helpless. The perception as to
whether CC would continue or not significantly (p <0.05) affected the employment of livestock insurance (OR=2.646),
use of bush-based feed (OR = 1.965), planting of fodder trees (OR=3.170), preservation of pearl millet stalks (1.689) and
purchasing water tanks (OR=2.646) adaptation practices. The attitude on the knowledge and resourcefulness of exten-
sion officers on CC issues significantly (p < 0.05) affected the implementation of pastoral nomadism (OR=2.093), use of
bush-based feed (OR=2.014), preservation of peal millet stalks (OR=3.427), purchasing of water tanks (OR=1.862) and
drilling of wells and boreholes (OR=1.511).

Perception on the quality of information from non-governmental organisations (NGO) (timeliness, accuracy, acces-
sibility, reliability, ease of use and depth of content) significantly (p < 0.05) affected fodder production (OR=2.667), sup-
plementary feeding (OR=7.518), bush-based feed (OR=52.612) and rainwater harvesting (OR=5.340), while perception
on the quality of information from farmer to farmer affected (p < 0.05) the use of improved breeds (OR=1.395), planting
of shade trees (OR=5.747), fencing of grazing land (OR=3.125), livestock insurance (1.912), destocking (OR=1.089),
water conservation (OR=2.057), water harvesting (OR = 1.448) and fencing of water sources (OR=2.641). Perception of
the quality of information from Indigenous knowledge systems (IKS) significantly (p < 0.05) affected the changing of the
breeding season (OR=2.50), pastoral nomadism (OR=2.944) and preservation of pearl millet stalks (OR=2.50). Perception
of the quality of information disseminated by farmers’ organisations significantly (p < 0.05) affected pastoral nomadism
(OR=1.880) conservation of pearl millet stalks (OR=1.223) and destocking as adaptation practices.

4 Discussion
4.1 Farmers’ perception of the existing CC

The study used the KAP model to examine the farmers’ general knowledge of CC, including their understanding of CC,
what causes CC and how CC impacts their communities. The survey also measured respondents’ attitudes to CC their
experiences and perceptions of the information received from various institutions and how they shape the actions and
strategies that the small-scale livestock farmers implement to address the negative impacts of CC on their livestock
production systems.

In Otjombinde and Epukiro constituencies, farmers are aware of CC, and this conforms with observations made in
other studies [48, 49] that have observed changes in climate over the past 10 years. The changes observed in the past
10 years were mainly prolonged droughts, followed by very hot seasons and very cold seasons, and floods. The findings
of this study correspond with the findings of other studies [49-52] that reported similar meteorological observations.
The proportion of respondents who believe that the climate is not changing (3.8%) is comparable to observations made
by UNDP [49], which reported 3.6% of respondents in Belize (in the Caribbean) being unaware that the climate is chang-
ing. The farmers attributed CC prominently to human activities, and global warming due to greenhouse gas emissions
from human activities such as deforestation, burning of fossil fuel and inappropriate industrial practices. However, the
understanding of some of the respondents about the causes of CC is limited, with some respondents emphasizing the
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increase in population, electricity generation and the sun moment being closer to the earth, as possible causes of CC.
Similar limited comprehension was observed by UNDP [49]. The focal warning signal used by the farmers to forecast
upcoming weather conditions is the changing atmospheric indicators, such as moon position, wind swirls and cloud
cover followed by animal behaviours and plant phenology.

Most respondents confirmed that CC is particularly detrimental to their community and livestock production. Water
shortage is one of the major challenges faced by farmers in Omaheke, as a result of CC, which agrees with many studies
conducted in sub-Saharan Africa [15, 50, 53], followed by feed insecurity [13]. The perceived impacts of CC on livestock
production include decreased growth rate, decreased weight, decreased milk production, decreased reproduction rates,
increased pest and disease incidents, poor vegetation and limited grazing land, water scarcity, increased livestock mortal-
ity and loss of farm income. This study’s findings were consistent with the results of other researchers [8, 54], who reiter-
ated that CC poses considerable challenges to pastoralists and other economic activities on rangelands. The observed
impacts are in line with the most experienced CC effects, namely droughts and very hot temperatures as direct effects
of heat and water stress that mostly reduce animal feed appetite, resulting in decreased feed intake, milk production,
growth performance, reproductive efficiency, increased embryo mortality, and consequently lactation energy, which
reduces with temperature and deemed the most important climatic factors affecting the performance of animals [54].

Extremely hot temperatures result in reduced grazing time, as animals turn to look for shade, resulting in reduced
animal productivity. As a result, it is important that farmers can provide supplementary feeding and shade for their
animals when temperatures are high. The reason why diseases and parasite influx were reported as one of the impacts
of CCis probably because many animal diseases in Namibia are directly or indirectly affected by weather and climate
[54, 55]. The climate seems to be closely associated with many non-vector-borne diseases as high temperatures may
increase the rate of development of certain pathogens, leading to higher parasitic populations [55].

4.2 Climate change adaptation practised by smallholder livestock farmers

Water scarcity was identified as one of the major challenges caused by CC, and farmers have mainly employed
adaptation strategies to address water shortage through water harvesting, water conservation, drilling of bore-
holes, purchasing water tanks and igging earth dams. Mendelsohn [19] study concurred with the present study by
pointing out that water scarcity reduces livestock productivity through reduced metabolic rates and feed intake. In
addition, livestock tend to graze closer to water points, which might result in overgrazing in areas closer to water
points, ultimately resulting in land degradation and soil erosion. Hence, small-scale farmers should be encouraged
to drill boreholes and purchase water tanks to provide livestock with water during dry seasons. Since most farmers
claim to have financial constraints, initiative measures should also target water availability as groundwater may be
available in the region [19].

The well-being and productivity of livestock in natural conditions depend on the ability of animals’ability to adapt
to environmental challenges, such as nutritional and thermal changes and exposure to disease and parasites [54].
However, the study has shown that few of the farmers either reported resorting to a change in breeds or replacing
exotic breeds with indigenous breeds as coping strategies. However, it was noticed that adaptation on livestock
husbandry is low as few farmers adjusted on livestock breeds, provision of supplements, destocking, fencing of
grazing land, provision of shade, pastoral nomadism, and fodder production, which concurs with observations by
other researchers [56, 57]. According to those researchers, existing livestock adaptation measures are limited and
carried out by only a small number of farmers. This could probably be because farmers are already farming with
Indigenous breeds such as Sanga (eg Nguni) that are tolerant to heat and drought conditions [58, 59] and have
exceptional walking ability enabling them to walk long distances in search of pastures, water and shade, and hence
the strategy of changing breeds might not be necessary. Although animals have considerable resilience, there are
limits to the heat, water and feed stress they can endure. Consequently, farmers need to provide shade, water and
feed supplements. However, the study has shown that these coping strategies are not well implemented probably
due to financial constraints. Farmers are thus encouraged to utilize readily available bush-based feed or destock
in the case of impending drought, also making information dissemination valuable. However, destocking was not
implemented by many respondents in the study. This is probably because some of the farmers had lower herd sizes
as the target population considered a minimum of 10 cattle for sample selection, although many agro-pastoralists
view destocking as a crucial form of insurance and defense mechanism utilized by certain smallholder farmers during
uncertain times [60]. It is possible that farmers were forced to sell their animals even if they may not have wanted to
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deal with food insecurity in climatic shocks as market prices are typically lower during these periods, thus reducing
rather than enhancing households’ purchasing power [13].

Some of the farmers referred to land degradation and lack of feed resources as impacts of CC. As such, there is a need
to resuscitate degraded lands by adopting good ranch management principles, that include flexible herding, economies
of scale and viable utilization of encroacher bushes to increase the profitability of livestock production [8]. Conversely,
the pastoral nomadism strategy was employed by a few respondents, probably because of land tenure systems in the
communal areas, as some of the respondents pointed out that the community policies refrain them from implementing
CC coping strategies. These observations agree with Dirkx [54] who noted that the farmers are less likely to have flex-
ibility in adapting strategies such as changing livestock type or mixing of grazing livestock, and cross-breeding because
of customary laws and tenure systems. Moreover, opportunistic cultivation on the less arid margins of the rangeland
territory is a good CC adaptation strategy, although it reduces grazing land and limits nomadism. The problem is also
exacerbated by grazing conflicts, overgrazing and desertification. Furthermore, Dirkx [54] claimed that short-distance
mobility, which is critical to agro-pastoral coping and adaptation mechanisms, is becoming a difficult adaptation measure
due to prevailing socio-political conditions in various communities.

Farmers mentioned various constraints such as limited government legislations at communal areas, financial resources
that make it difficult for them to adopt coping strategies that require money to implement. Some of the respondents
indicated that they do not have adequate information and do not have knowledge of which strategies to implement to
address CC hazards. Non-governmental organisations also reported of respondents not having enough information on
what coping mechanisms to implement to address CC effects.

4.3 The link between CC adaptation practices and knowledge, attitude and perceptions.

Most of the respondents affirmed that they receive CC information from various modalities, mainly through media
platforms such as radios and televisions. However, very few of the respondents receive information from extension
officers and farmer organisations, an indication of a lack of capacitation and a lack of visible activities that are being
carried out to address CC at the community level.

The study shows that experience does not seem to directly affect farmers’ adaptation strategies, which agrees
with observations by Deng et al. [43]. However, Van Valkengoed et al. [35] observed that farmer disaster experiences
shape economic and technical strategies indirectly through perceptions, though the study observed that to some
extent, there is a relationship between farmers’ cognition (knowledge, attitude and perceptions) and adaptation
practices which agrees with the findings of Jiri et al. [51] who argued that perceptions shape small-holder farmers
adaptation strategies.

The belief that the climate is changing, and the change will continue in future seems to affect long-term adapta-
tion strategies employed by the farmers, as farmers who believe CC to continue in the future implement strategies
such as planting of fodder and shade trees. These findings concur with Alotaibi et al. [50] who confirmed that CC
is interdependent with the belief that the climate is changing. Farmers who are less concerned about CC are less
worried about potential problems on their farms, due to CC and they are less likely to implement both adaptive
and mitigative practices [50].

The study found that using extension services does not seem to aid farmers’ beliefs in CC, as farmers seem to rank
the CC information received through extension services lowly. Similar observations were made by other research-
ers where there was no evidence that extension programs about CC have been delivered in Saudi Arabia, citing a
lack of knowledge among farmers and extension agencies [50]. The weakness of extension services on CC capacity
building was also reported by [50]. However, it is undeniable that extension officers are the people on the ground
and a conduit to transmit CC policy information to the farmers in the community. This suggests a need to improve
the extension services at the communal level so that smallholder farmers are more capacitated with valuable infor-
mation on CC and mitigation of the associated hazards. On a similar note, Kalimba and Culas [61] suggested that
the government should invest in extension services to facilitate information dissemination and change farmers’
attitudes by implementing training programmes and networking with other stakeholders interested in CC issues
to strengthen extension to meet the needs of farmers. Implementing innovative approaches for climate-smart
agriculture is crucial to encourage farmers to change their attitudes and perceptions of adaptation and mitigation.

Alotaibi et al. [50] the Farmer Field School (FFS) approach was proposed to promote social learning among farm-
ers by developing their problem-solving skills, increasing technical knowledge and enhancing their decision-making
ability. Awareness campaigns using information technology such as social media should be designed to improve
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farmers’ access to CC information, adaptation and mitigation and therefore enhance farmers’ ability to adapt. This
may have positive impacts on farmers’ understanding of different components of climate-smart agroecosystems.

5 Conclusion

The study concluded that farmers perceive CC as droughts, very hot temperatures, very cold temperatures and
experience severe losses in livestock husbandry. It is basically these experiences, perceptions, losses and attitudes
that shape the adaptation strategies that the farmers would choose to adopt.

The study’s findings revealed that CC has negative impacts on the livelihoods of smallholder farmers. Farmers
have experienced extreme weather events such as droughts and reduced rainfall that negatively impacted on crop
production. Smallholder livestock farmers in the study area perceived decreased livestock growth rates, decreased
livestock weight, low milk production, poor reproduction rates, increased pest and disease occurrences, poor veg-
etation, livestock deaths, and loss of farm income earnings as major impacts of CC on their livestock production
activities. Identified adaptation responses are primarily limited to changing grazing routes, increasing grazing
distances, destocking, water harvesting and storage, and reliance on social welfare; all of which are viewed as insuf-
ficiently effective by livestock farmers in dealing with current climatic stresses. The agricultural extension could
play an important role in climate change capacity building among livestock farmers.

6 Recommendations

This study recommends the need for programmes and seminars to familiarize farmers with modern adaptation strate-
gies, particularly the use of water harvesting techniques to supplement rainfall in Namibia, where agriculture is primarily
rain-fed. Some of the interviewed farmers have boreholes and thus interventions might consider irrigating fodder crops
if the water quantity allows. There is a need to improve the quality and quantity of innovative extension services provided
to livestock farmers to capacitate them more with CC information. Communal farmers should be encouraged to form
or join the production, marketing and other service-oriented associations where they can share CC information and
mitigation strategies. Namibia needs to accelerate the implementation of its CC policies and ensure that they are being
implemented through monitoring and evaluation processes. Climate-smart livestock production systems require the
government to dedicate efforts to develop and disseminate information about projected CCs as agriculture is important
not only for economic development but also for the identity of local communities in Namibia.
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