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ABSTRACT

Climate variability present challenges for smallholder farmers, influencing their livestock
choices to enhance resilience and improve livelihoods. This study examines the decision-
making processes of smallholder farmers regarding livestock choices in response to climate
variability and its impact on household income and food security. Data were collected from
600 farmers in the Eastern Cape Province using a multi-stage sampling technique and a
structured questionnaire, supplemented by long-term climate data from the South African

Weather Services.

The first objective was to examine farmers' perceptions of climate variability, compare them
with historical trends, and assess livestock adaptability. Most farmers reported rising
temperatures, reduced rainfall, and shifts in the rainy season, which align with meteorological
data. Farmers perceived goats, indigenous chickens, and sheep as more resilient to stressors
like heat, water scarcity, and feed shortages compared to cattle and pigs.

The study then used a double hurdle model to-analyse the determinants of livestock ownership
and herd intensity. Results revealed that 83% of farmers owned livestock, with an average herd
size of 9.5 livestock units. Livestock ownership was positively associated with adherence to
African traditional religion, access to.¢limate information, farming organization membership,
income diversification, formal housing-ownership, exposure to high temperatures, and female-
headed households. Higher educational attainment and larger household sizes were linked to a
lower likelihood of livestock ownership. Herd intensity was influenced by male-headed
households, affiliation with farming organizations, diversified income, and higher annual
precipitation. While male-headed households were less likely to own livestock initially, those

that did tended to maintain larger herds.

A multivariate probit model was employed to assess the likelihood of adjusting livestock
species and breed choices in response to temperature and precipitation changes. Findings
suggest that farmers employ both complementary and substitutive strategies. Higher
temperatures increased the likelihood of keeping goats instead of cattle, while increased
precipitation encouraged the keeping of goats and chickens. Breed preferences showed that
cattle farmers were more likely to reduce Brahman breeds as temperatures rose and reduce
Bonsmara breeds with increased precipitation. For sheep, rising temperatures led to a
preference for Dohne Merino over Dorper breeds.



A structural equation model and the protection motivation theory examined the psychological
factors influencing farmers' intentions to adjust livestock choices. While farmers were neutral
about adjustments, they were more likely to consider changes when perceiving higher climate
risks, believing in the effectiveness of adjustments, and receiving adequate incentives.
However, low perceived climate advisory competence and cognitive biases hindered their

willingness to adjust.

Finally, an endogenous switching regression model assessed the impact of livestock choice on
food security and income. Results showed that some choices, such as choosing non-descript
cattle or resilient sheep breeds, improved food security, while others, such as choosing goats
and chickens over cattle, compromised food security and reduced income. More resilient

breeds offered better returns due to higher adaptability and market value.

In conclusion, the study highlights the role of household capital, climate factors, and
psychological factors in livestock choice amidst climate change. It recommends a balanced
approach, promoting the diversification of resilient and less resilient species and breeds to

enhance overall resilience, food security, and income,

Keywords: Smallholder Farmers; Livestock!'Chaices; Climate Risk, Climate Change
Adaptation; Food Security; Household Income; Eastern Cape.
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CHAPTER 1: GENERAL INTRODUCTION

1.1 Contextual Background

Climate change poses a global threat; nevertheless, its impacts manifest differently across
regions (Pereira, 2017). The Sixth Assessment Report on Climate Change by the
Intergovernmental Panel underscores the likelihood of the climate crisis worsening,
particularly in Africa, emphasising the urgency of addressing its effects (IPCC, 2021).
Agriculture is among the sectors most severely affected by climate change in Africa, as it relies
on environmental stability for factors such as water availability and atmospheric temperatures
(Zwane, 2019). Climate change influences the prevalence of pests and diseases, further

exacerbating the challenges faced by agricultural systems (Godde et al., 2021; Zwane, 2019)

Africa presents mounting evidence of climate change impacts despite contributing a relatively
modest share (4%) to global CO emissions (Mostefaoui et al., 2024). For instance, Belloumi,
(2014) quantified the influence of climate change on agricultural production in African
countries from 1961 to 2011. The study observed that:while precipitation positively influences
agricultural production, the overall rise in the annual mean temperature diminishes agricultural
output in African nations. More recently, Urama et al. (2023) also highlighted that climate
change exerts a substantial tall on Africa, equating to between5% and 15% of its per capita
Gross Domestic Product (GDP) ‘annually, with~278 "million individuals enduring chronic
hunger and 250 million residing in regions marked by high water stress. Nonetheless, Africa
receives the lowest per capita climate finance inflows, significantly less than regions displaying

greater resilience and lower vulnerability (Urama et al., 2023).

In 2021, the primary agricultural sector in South Africa made a direct contribution of 2.3% to
the country's GDP (Department of Agriculture Land Reform and Rural Development
(DALRRD), 2022). Although primary agriculture contributes a relatively modest amount to
the overall GDP, it still plays a crucial role in supporting the livelihoods of many people in
rural areas. van Niekerk et al. (2022) emphasised that the contribution of agriculture to the
country's economy becomes greater when considering the secondary and tertiary linkages. The
predicted total gross value of agricultural production for the 2021-22 period amounted to R129
886 million with animal products accounting for 43.3% of this value (DALRRD, 2022). The
poultry meat sector accounted for 14.0% of the contribution (DALRRD, 2022). These
contributions show the livestock sector's vital role in the agricultural industry.



The agricultural sector in South Africa is characterized by a dual structure comprising
commercial and smallholder agriculture (Gwebu and Matthews, 2018). However, Wilk et al.
(2013) indicate that smallholder farmers face greater vulnerability to climate change impacts
than commercial farmers, even though both groups experience the same climate. The
vulnerability of smallholder farmers is exhibited by limited to no access to support systems for
climate change adaptation and mitigation, such as access to climate information, climate
extension services, and financial resources (Wilk et al., 2013; Zeleke et al., 2021), limited
customs of long-term planning (Wilk et al., 2013), and ineffective government policy (Bahta
and Myeki, 2022). African smallholder farmers only obtain 1.7% of climate finance, despite
accounting for one-third of global food production (D’Alessandro et al., 2024). The impacts of
climate change on smallholder agriculture have significant consequences for smallholder
farmers, including food security, livelihoods, and economic stability (Ogundeji, 2022; Pereira,
2017).

In rural South Africa, smallholder farmers further divide the agricultural sector into crop
production, livestock production, and mixed crop and livestock farming. While there is
growing empirical evidence on the adoption of adaptation practices in smallholder crop
farming systems in South Africa (Ogundeji, 2022), the literature on the adaptation of climate
change to smallholder livestock production-is limited (Mthembu and Zwane, 2017). However,
literature (Escarcha et al., 2018;Zhou, et al,, 2022)reveals the potential of livestock to
strengthen resilience to climate change ‘compared ‘to‘crop-based systems; hence, livestock
supports resilience and acts as a risk mitigation strategy in rural smallholder farming (Phiri et
al., 2021).

Rural development policy discussions in Africa consistently emphasise the importance of
smallholder agriculture, explicitly focusing on the smallholder livestock sector (Larson et al.,
2020). The smallholder livestock sector is a potential pathway towards achieving the
Sustainable Development Goals (SDGs). This sector has a pivotal role in enhancing food and
nutrition security, aligning closely with SDG 2 (zero hunger) and SDG 3 (good health and well-
being) (Schneider and Tarawali, 2021; Wright, 2017). By 2050, smallholder agriculture is
expected to feed approximately 9 billion people globally (Myeki and Bahta, 2021). Livestock-
derived foods not only provide a significant portion of global calorie intake (18%) and protein
supply (40%), but they also serve as a vital source of essential micronutrients, counting
calcium, vitamin A, riboflavin, vitamin B12, iodine, zinc, and iron (Schneider and Tarawali,
2021; Wright, 2017).



The smallholder livestock sector is vital for social, livelihood, and economic development,
supporting key Sustainable Development Goals (SDGs) such as No Poverty (SDG 1), Decent
Work and Economic Growth (SDG 8), Responsible Consumption and Production (SDG 12),
Reduced Inequalities (SDG 10), and Gender Equality (SDG 5) (Abraham and Pingali, 2020;
Schneider and Tarawali, 2021). Livestock is a significant asset for smallholder farmers,
providing capital, income, and resilience. Informal markets, which account for over 70% of
livestock product sales in smallholder farming, are crucial, particularly for low-income people
(Mmbengwa et al., 2015; Wright, 2017). Livestock also builds and preserves wealth, especially
in rural areas where it can be the primary asset and acting as a movable savings account for
various purposes (Abay and Jensen, 2020). Additionally, the social dimension of smallholder
livestock production is highlighted by approximately two-thirds of smallholder livestock
keepers being women (Galie et al., 2019; Wright, 2017). However, smallholder farmers'
reliance on livestock farming as the source of livelihood exposes them to the direct impacts of

climate change (Opiyo et al., 2015).

In recent years, the Eastern Cape Province, knownfor its diverse agriculture and dominance of
livestock production, has experienced pronounced changes in weather patterns and extreme
events, prompting farmers to adapt their practices(Mahlalela et al., 2020; Popoola et al., 2019).
Smallholder livestock farmers in the Eastern Cape face many challenges, including prolonged
droughts, erratic rainfall, and''an’tincreased’ riskUof livestock diseases due to shifting
environmental conditions (Popoola et al., 2019). Weather pattern alterations and extreme
occurrences directly impact livestock farming by causing elevated heat stress (Rojas-Downing
et al., 2017). Additionally, they indirectly affect farming by influencing the availability and
quality of fodder and water access (Rojas-Downing et al., 2017; Zhang et al., 2017).

According to Cheng et al. (2022), thermal stress primarily affects livestock production when
the outside temperature exceeds the animals' thermal comfort zone. Cheng et al. (2022)
demonstrate that cattle and pigs are particularly susceptible to temperatures exceeding 37.7 °C
and humidity exceeding 50%. As the surrounding temperatures increase over 25-26 °C,
lactating cows have a reduced appetite for food, and this decline becomes more pronounced
around 30 °C. Pigs show a 10.9% reduction in feed intake when the temperature increases from
20°C to 35 °C (Cheng et al., 2022). Chickens can function normally in temperatures up to 27
°C, however, an increase in body temperature of 4°C can be deadly for them. According to

Cheng et al. (2022), chickens experience a 9.5% decrease in feed intake from the time they



hatch until they reach 6 weeks of age, when the ambient temperature increases from 21.1 to
32.2°C.

Literature (Joy et al., 2020; Phiri et al., 2021) suggests that small livestock, particularly goats,
exhibit higher thermotolerance than cattle, making them more suitable and adaptable to climate
change. In addition, goats endure harsher climates, require lower water and feed requirements,
can use poor-quality forage, and are resistant to diseases (Sejian et al., 2021). While goats
exhibit greater tolerance to high temperatures compared to other ruminants, their consumption
of feed drops when the surrounding temperature exceeds 25°C (Zhang et al., 2021), or when
their optimal thermal comfort range increase by more than 10°C (Cheng et al., 2022).
Variations in livestock species regarding their resilience to heat stress, drought, and feed and
water shortages provide the opportunity to select species more suited to evolving

environmental conditions (Ifejika Speranza, 2010).

Changes in livestock productivity, health, and marketability due to climate change have direct
implications for smallholder farmers' economic well-being and food security. As a result, the
need for effective adaptation strategies is:pressing, with livestock selection emerging as a
critical decision point in their efforts to secure food and income. At the national and local
levels, various governments have.recognised the need to_address climate change impacts on
agriculture in rural farming communities;like the Eastern Cape. Initiatives have been launched
to promote climate-resilient farming practices, improve livestock breeds, and enhance resource
access. This research seeks to contribute to the understanding of how smallholder farmers in
the Eastern Cape Province respond to climate change through their choices in livestock
selection, recognising the situation's urgency. By delving into their decision-making processes
and assessing the consequences for food security and income, this research aims to generate
knowledge that can inform policies, interventions, and capacity-building efforts to enhance the
resilience of these farmers and their communities in the face of ongoing climate change

challenges.

1.2 Problem statement

Livestock husbandry is critical for South African smallholder farmers and the rural economy,
yet it faces vulnerability due to climate change and variability (Zhou et al., 2022). As climate
change intensifies, smallholder farmers must make informed livestock choices that adapt to
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changing environmental conditions while maintaining productivity and ensuring sustainable
livelihoods (Cheng et al., 2022; Megersa et al., 2014; Salamula et al., 2017; Wako et al., 2017).
Despite the importance and relevance of livestock selection in response to climate change and
variability, empirical studies comprehensively examining farmers' perceptions of livestock
adaptability are scarce. This knowledge gap hampers the development of targeted support
systems and interventions to assist farmers in making effective livestock choices that enhance

resilience and mitigate climate risks.

Furthermore, in recent years, livestock ownership and herd sizes among smallholder farmers
in the Eastern Cape province have declined (Shackleton and Ntshudu, 2023; StatsSA, 2024).
This trend raises critical concerns about the factors influencing livestock ownership and
intensity among smallholder farmers. Studies across Africa have highlighted socio-economic
considerations, institutional support, and climate factors as key determinants of livestock
ownership and changes in livestock numbers (Debela, 2017; Duguma and Debsu, 2019;
Nkonki-Mandleni et al., 2018). However, despite these insights, there remains a need for
comprehensive empirical studies examining the determinants of livestock ownership among
rural farm households in South Africa, particularly’in the context of climate change (Taruvinga
etal., 2022).

Livestock, often more resilient than crops, is increasingly favoured by farmers as temperatures
rise (Henry et al., 2018; Kurukulasuriya and Mendelsohn, 2017; Zhou et al., 2022). However,
resilience varies across livestock species and breeds (Ifejika Speranza, 2010), indicating that
climate factors influence farmers’ choices beyond the initial decision to own livestock. Studies
in Africa reveal a complex, nonlinear relationship between temperature, precipitation, and
livestock selection (Kabubo-Mariara, 2008; Odozi and Ashagidigbi, 2017; Seo and
Mendelsohn, 2008), but little research explicitly examines these nonlinear climate effects on
livestock choice at the household level in South Africa. Furthermore, the link between climate
variables and livestock breed selection remains underexplored, with most studies conducted in
North America and Europe (Mclntosh et al., 2023). While socio-economic factors, resource
availability, and climate conditions shape farmers’ adaptation strategies (Khanal et al., 2018a;
Mulwa et al., 2017), growing evidence suggests that psychological factors also play a role
(Azadi et al., 2019; Chipfupa et al., 2021; Dang et al., 2014). However, psychological
influences on smallholder farmers’ adaptation remain understudied, highlighting the need for

further research in South Africa.



Lastly, while the promotion of adaptation options in smallholder farming systems, such as
livestock selection in response to climate change, has increased, there is a limited quantitative
analysis of how these strategies affect household welfare (Amare and Simane, 2018; Mikémina
et al., 2018). The implications of livestock choices in response to climate change on household
income, such as shifting from cattle to small ruminants, remain largely unknown. Although
some studies suggest that livestock positively impacts household income (Baidoo et al., 2016),
the contribution differs across the types of species and breeds. Additionally, livestock
ownership is associated with lower odds of food insecurity, with different livestock species and
breeds varying in their potential to address specific nutritional deficiencies (Azzarri et al., 2015;
Christian et al., 2019; Hetherington et al., 2017; Niles and Salerno, 2018). Different species
and breeds also respond differently to climate variability, highlighting the complexity of the
relationship between livestock selection in response to climate change, income, and food

security.

1.3 Operational research objectives

1.3.1 Overall objective
The study aims to assess livestock selection choices among smallholder farmers in

response to climate change and the implications of these choices on household food

security and income inthe Eastern Cape Province of ‘South Africa.

1.3.2 Specific objectives
i.  To assess farmers' perceptions of climate change and variability and the adaptability of

livestock species in the study area.

ii.  To determine the factors influencing farmers' livestock ownership and intensity in the
study area.

iii.  To estimate the effect of climate factors on livestock species and breed choices among
smallholder livestock farmers in the study area.

iv.  To investigate farmers' intentions to switch livestock species in response to climate
change and explore the psychological factors influencing their decisions in the study
area.

v.  To assess the impact of livestock choices in response to climate change on household

food security and income in the study area.



1.4 Research questions

How do smallholder farmers perceive climate change, variability, and livestock
adaptability in response to perceived climate change in the study area?

What factors influence farmers' livestock ownership and intensity decisions in the study
area?

How do climate factors affect livestock species and breed choices among smallholder
livestock farmers in the study area?

What are the smallholder farmers' intentions of switching livestock species in response
to climate change, and what psychological factors influence their decisions in the study
area?

What is the impact of livestock choices in response to climate change on household

food security and income in the study area?

1.5Research Hypotheses

Smallholder farmers do not perceive climate change, variability, and the adaptability of
livestock species.

Smallholder farmers' household assets and climate factors do not influence livestock
ownership and intensity.

Climate variability does not influenceismallholder farmers' livestock species and breed
choices.

Smallholder farmers do not intend to switch livestock species in response to climate
change, and psychological factors do not influence their decisions.

In response to climate change, livestock species and breed selection do not improve

household food security and income.

1.6 The study justification

The study's significance lies in addressing critical gaps in understanding livestock selection

practices among smallholder farmers in South Africa in the context of climate change. It aims

to provide comprehensive insights into farmers' criteria for selecting livestock species and

breeds, which remain underexplored. By focusing on local contexts, the research contributes

valuable insights to the existing body of knowledge and informs the development of targeted



support systems for farmers. Furthermore, the study bridges gaps in analysing the determinants
of livestock ownership and the complex interrelationships between ownership decisions and
livestock ownership intensity. It also contributes to the broader African context by examining
the relationship between climate change and livestock breed selection, a topic that has yet to

receive much attention.

Additionally, the research explores psychological factors influencing farmers' decisions,
provides empirical evidence on the impacts of livestock choices as adaptation strategies on
household welfare, and clarifies trade-offs and synergies between livestock selection choices
and outcomes such as income and food security. The study contributes to the Sustainable
Development Goals by supporting poverty alleviation, enhancing food security, and promoting
climate action by addressing these gaps. Overall, the study's findings can inform agricultural
policies in South Africa, support the development of climate-smart agriculture strategies, and
provide valuable insights for smallholder farmers to make more informed and adaptive

livestock management decisions.

1.7 The novelty of the study

The novelty of this work lies in its comprehensive approach to addressing a gap in South
African literature regarding . livestock choices amidst climate change among smallholder
farmers. While previous research; has, primarily. focused..on livestock adoption, this study
explores the broader implications for the well-being of these farmers in the face of climate
change. By employing multivariate approaches to examine the relationships between climate
factors and livestock species and breed choices, the study provides a deeper understanding of

these decisions, moving beyond traditional methodologies.

Additionally, the integration of psychological factors, particularly through the application of
Protection Motivation Theory, offers a distinctive angle by exploring how psychological
influences shape farmers' decisions in response to climate change. This interdisciplinary
approach adds value to the study by considering not only environmental and socio-economic
factors but also psychological elements in the decision-making process. Furthermore, the
study’s examination of the potential trade-offs and synergies between livestock selection and
outcomes such as income and food security provide valuable insights into the complexities of
agricultural decision-making, contributing to a more nuanced understanding of sustainable

farming practices in the context of climate change.



1.8 Limitation and Delimitation

1.8.1 Limitations of the Study

This study focuses on smallholder farmers in the Eastern Cape province of South Africa, which
may not represent the diversity of smallholder farming systems worldwide. Hence, the
conclusions may not be immediately applicable to other nations with unique meteorological,
socio-economic, and cultural circumstances. The study relies on data collected through surveys
and interviews, and the data collection may be subject to limitations such as recall bias and
response bias. These limitations could affect the accuracy and reliability of the results. Climate
change is an evolving phenomenon, and its impacts on livestock farming may change over
time. The findings of the study are contingent upon a particular temporal scope and may not
capture long-term trends or future climate change adaptation and livestock selection
developments. While the study provides valuable insights into the factors influencing livestock
selection among smallholder farmers, caution should be exercised when generalising the results

to larger populations.

1.8.2 Delineation of the Study

This study examines the decision-making process‘of livestock selection among smallholder
farmers in response to climate change. It does not delve into other aspects of agricultural
adaptation or broader climate change mitigation strategies. The study assesses how livestock
selection choices impact household food security and income. It does not extensively explore
other potential outcomes, such as these decisions' ecological or environmental effects. The
study adopts a perspective centred on the experiences and perspectives of smallholder farmers.
It does not comprehensively address the viewpoints of other stakeholders in the livestock value
chain, such as government agencies, NGOs, or consumers. While the study aims to provide
valuable insights, it does not directly prescribe specific interventions or policies. Instead, it
offers a foundation for further research and policymaking on climate change adaptation in
smallholder livestock farming. This study employed a cross-disciplinary approach, drawing
from fields such as agriculture, climate science, psychology, and economics to
comprehensively explore the topic. However, it remains primarily focused on the socio-

economic and environmental aspects of livestock selection choices among smallholder



farmers. Understanding these limitations and delineations is crucial for accurately interpreting
the study's findings and recognising the scope and boundaries of its contribution to the broader

discourse on climate change adaptation and smallholder farming.

1.9 General Methodology

1.9.1 Description of the study area

The study was conducted in two selected districts in the Eastern Cape province of South Africa:
the Amathole District Municipality (ADM) and the OR Tambo District Municipality
(ORTDM). The districts were purposively chosen to represent the diverse climate conditions
across the province. The study specifically chose high rainfall areas in OR Tambo, such as Port
St. Johns and Ingcuza Hill local municipalities, as well as areas with average rainfall (Mbashe
local municipality) and low rainfall (Raymond-Mhlaba and Amahlathi local municipalities) in
the Amatole district for inclusion. This section provides a concise overview of the socio-
ecological characteristics of these two districts. Itjustifies their selection as representative cases
for examining the impact of livestock choices inresponse to climate change on household food
security and income. Figure 1.1 presents the'map of the selected study sites.
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Figure 1. 1: Map of the study area located in the Eastern Cape Province
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1.9.1.1 OR Tambo District Municipality (ORTDM)

» Geographical location of ORTDM

The ORTDM is situated along the eastern coast of the Eastern Cape province, South Africa,

about 160 km along the Indian Ocean coastline (Nkamisa et al., 2022). It covers an area of 15

947 kmz2 and includes five local municipalities: Port St. Johns, King Sabata Dalindyebo,
Mhlontlo, Nyandeni, and Ingquza Hill (IDP-O.R Tambo, 2022). Located between 32°46'31" S
and 21°23'29" E, the ORTDM borders the Joe Ggabi District Municipality to the northwest,
the Alfred Nzo District Municipality to the north, the Chris Hani District Municipality to the
west, and the Amathole District Municipality to the southwest (ECSECC-ORDM, 2017). It
covers approximately 80% of the former marginalised homeland in the Transkei (ECSECC-

ORDM, 2017).
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> Socio-demographics of the ORTDM

The ORTDM is predominantly rural, with a slow rate of urbanisation, facing challenges such
as a growing population, low levels of education, high unemployment, and poverty (IDP-O.R
Tambo, 2022). In 2016, it had a population of 1.47 million, accounting for 21.0% of the
province's population, making it the most populous district municipality (ECSECC-ORDM,
2017). Most of the population has limited education and is experiencing high unemployment
rates, particularly in Ngquza Hill and Port St. Johns, with 41.9% and 40% unemployment rates,
respectively (ECSECC, 2017b; 2017c). More than one million people (74.4% of the
population) in the district lived in poverty, with Port St. Johns and Ngcuza Hill local
municipalities having the highest percentages of people living in poverty, at 81.7% and 78.6%,
respectively (ECSECC-INHL, 2017; ECSECC-ORDM, 2017; ECSECC-PSILM, 2017)
Approximately 21.98% of all ORTDM households lived on R30,000 or less per year
(ECSECC-ORDM, 2017). Port St. Johns had the lowest total personal income of R2.88 billion
in 2016, while Ngquza Hill had R6.19 billion (ECSECC-INHL, 2017; ECSECC-PSJILM,
2017). Understanding this socio-demographic context is crucial for interpreting the results and

implications of the study.

> Agriculturalipotential inithe ORTDM

Smallholder farming on communal land is the primary agricultural activity in the ORTDM,
with a particular emphasis on livestock farming (Mahlombe, 2018). According to ECSECC-
ORDM (2017), 55% of households in the district were involved in agriculture in 2016, with
poultry production accounting for the majority (75.7%), livestock (68.1%), and vegetable
production (42.6%). Livestock raised in the ORTDM includes cattle, sheep, and goats, with
most households owning fewer than ten cattle, fewer than 100 sheep, and fewer than ten goats
(ECSECC-ORDM, 2017). Despite its importance, the agricultural sector in the ORTDM
contributes only 3% to total employment, and 1.3% to the gross value added (GVA) (ECSECC-
ORDM, 2017), mainly due to the prevalence of subsistence farming in the district. The
dominance of livestock production in the ORTDM, despite its limited contribution to the
district's economy, raises important questions about the impact of owning livestock on

household welfare.
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> Climate conditions in ORTDM

The climate in the ORTDM varies based on factors like elevation and proximity to the Indian
Ocean (COGTA-OR Tambo, 2020). Coastal areas receive more rainfall than inland areas
(Ngarava et al., 2021). Summers are warm, with temperatures of 16°C to 28°C and wet
conditions, with an average monthly precipitation of 64.1 mm to 131.7 mm (Nkamisa et al.,
2022). Winters are more relaxed and drier, ranging from 7°C to 20°C. Annual rainfall varies,
with Port St. Johns receiving between 1100 and 1400 mm and Ngquza Hill local municipality
receiving 874 mm (Obi and Maya, 2021). The district is known for its natural resources, fertile
soils, and favourable climate for livestock production. However, some years’ experience
extreme climate variations, including severe droughts and floods, impacting agricultural
production, livelihoods, food security, and the income of farming households (Ngarava et al.,
2021; Nkamisa et al., 2022; Obi and Maya, 2021).

1.9.1.2 Amatole District Municipality (ADM)

> Geographical location of ADM

The ADM spans across a total area of 21,117 km2and is situated in the central region of the
Eastern Cape (Dyosi et al., 2021).; The;Sunshine Coaststretches from the Fish River Mouth to
a point immediately south of Hole‘in‘the’' Wall along‘the Wild Coast (COGTA-ADLM, 2020).
The Amathole District Municipality is next to the O.R. Tambo, Chris Hani, and Sarah
Baartman Districts. Raymond Mhlaba, Amahlathi, and Mbashe local municipalities are three
of the six local municipalities that make up the Amathole district municipality (IDP-Amathole,
2022).

> Socio-demographic characteristics of the ADM

The ADM, mainly rural with low urbanisation, is classified as a Category C2 municipality
(Khumalo and Thakhathi, 2012). It faces a growing population, low education levels, high
unemployment, and poverty (IDP-Amathole, 2022). The district's population represents 12.2%
(880,000) of the province's total, increasing by 0.6% from 2011 to 2016 (ECSECC-ADM,
2017). Around 15.32% of the population has no schooling, a significant proportion without
education in the province (COGTA-ADLM, 2020). The majority (42.2%) have secondary
education (ECSECC-ADM, 2017). From 2008 to 2018, there was an average annual reduction
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in employment of -0.51% (ECSECC-ADM, 2017). Approximately 19.64% of households in
the ADM had incomes of R30,000 per year or less in 2016 (COGTA-ADLM, 2020). Using the
upper poverty line, around 76.40% of the population lived in poverty in 2018, with Mbashe
local municipality recording the highest poverty rate at 81.8% and Raymond Mhlaba the lowest
at 72.2% (ECSECC-ADM, 2017).

> The agriculture potential of the ADM

Dual agriculture characterises the agricultural sector of the ADM, involving both smallholder
and commercial farming practices (DALRRD, 2015). Smallholder farming, focused on
livestock production, is common in rural areas. At the same time, coastal areas with higher
rainfall and deeper soils are more inclined towards diverse commercial agricultural practices,
including livestock, crop cultivation, game farming, and forestry (ECSECC-ADM, 2017).
Statistics South Africa (ECSECC-ADM, 2017; StatsSA, 2016) reports that over 85% of
agricultural households in the ADM rear cattle, goats, sheep, and pigs, with 61,201 households
(78.5%) involved in poultry production. While economically less significant, goats are valued
for their resilience and are vital in supporting 'subsistence farming in the Amathole District
(ECSECC-ADM, 2017). Moreover, approximately 25,339 households (47%) engage in
vegetable production, and citrus-production accounts for 14%-of the sector (ECSECC-ADM,
2017). Despite employing only 6% of the'total workforce’and contributing 3% to the gross
value added of the district, agriculture remains crucial for ensuring food security in the area
(ECSECC-ADM, 2017).

> Climate conditions of ADM

The climate in ADM, which has been classified as drought-prone since 2015, is characterised
by significant variability (Sibom, 2023). Coastal areas have mild temperatures ranging from 14
to 23°C, while inland regions experience more extreme conditions between 5 and 35°C
(COGTA-ADLM, 2020). The northern border, with mountainous terrain, experiences winter
snows and summer rainfalls (COGTA-ADLM, 2020). Coastal areas generally maintain warm
temperatures, with increasing humidity towards the eastern parts (COGTA-ADLM, 2020).
Climate projections indicate rising temperatures, with inland areas expected to increase by

approximately 2.1 to 2.2 degrees Celsius and coastal regions around 1.5 to 1.7 degrees Celsius
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(COGTA-ADLM, 2020). These estimates indicate that there will be shifts in rainfall patterns,
characterized by an increase in intense rainfall events or floods, alternating with extended
periods of drought. Springs are expected to become wetter than summers, with rainfall
projected to increase by approximately 10 to 12 mm towards the coast in spring and by

approximately 2 to 4 mm annually inland during summer (COGTA-ADLM, 2020).

1.9.1.3 Justification for selecting the study area

The Eastern Cape Province, along with the chosen districts, has elevated levels of poverty,
limited educational achievement, and substantial unemployment, rendering it susceptible to the
effects of climate change. The area is vulnerable to periods of drought and intermittent floods,
which worsen its susceptibility. The anticipated climate changes, including rising temperatures
and modified precipitation patterns, emphasise the importance of comprehending and
mitigating the potential impacts on the socio-economic welfare of individuals. The OR Tambo
district, characterised by more significant precipitation than the Amatole region, encounters
humid and warm summers and winters. In contrast, the Amathole area suffers fluctuating
temperatures, ranging from arid and scorching summers to mild and rainy summers and chilly
winters. The vulnerability of the province to climate change makes it an ideal location to study

farmers' perceptions and responses to climate variability and change.

Livestock farming is a significant component of agriculture in the Eastern Cape (Zantsi and
Nkunjana, 2021). Understanding farmers' livestock ownership, intensity and choices in this
region is crucial for sustainable agricultural development. The variations in climate are
anticipated to impact the selection of livestock, which in turn would affect household food
security and income. Examining how different livestock choices affect food security and
income in the Eastern Cape Province is essential, considering its susceptibility to climate
change and the distinct socio-economic and climatic variables. Therefore, the Eastern Cape,
with its diverse agricultural landscape and vulnerability to climate change, offers a rich context
for studying farmers' livestock selection in response to climate variability and its impact on

household welfare.
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1.9.2 Research design and methods

The study used a cross-sectional research approach. The rationale for utilising the cross-
sectional research method is based on its capacity to achieve a harmonious equilibrium between
time and cost-effectiveness while guaranteeing dependable outcomes, as corroborated by
Abegunde et al. (2022). This study utilizes a mixed methods research approach, which
systematically integrates quantitative and qualitative research tools. This approach facilitates a
comprehensive comprehension of the study issue by including many viewpoints and providing
profound insights (Wasti et al., 2022). It is worth mentioning that although the study uses a
combination of research methods, it mainly focuses on a deductive quantitative research
methodology. Woiceshyn and Daellenbach (2018) argue that although the deductive
quantitative method is dominant, it fails to capture human thinking processes adequately and
does not explain how individuals react to their surroundings. Hence, the present study employs

an inductive qualitative approach as an additional research instrument.

1.9.3 Sampling procedures, sample size and sampling unit

The study utilized a multi-stage sampling procedure. During the initial phase, the two district
municipalities, OR Tambo and Amathole districts; were purposefully selected based on the
high concentration of livestock-owning households (StatsSA, 2016). Additionally, the districts
are characterised by their prevalence and vulnerability to climate-related issues, leading to their
declaration as drought disaster areas (Mahlalela et al., 2020). In the second stage, local
municipalities within each district were purposively selected based on their diverse
agroecological zones and climate conditions, explicitly considering high and low rainfall
patterns (Mahlalela et al., 2020; Obi and Maya, 2021). Two local municipalities were selected
for the OR Tambo district: Ngquza Hill and Port St. Johns local municipalities (representing
high rainfall areas) (Taruvinga et al., 2022). In the Amathole district, three local municipalities
were chosen: Mbashe (representing average rainfall), Raymond Mhlaba, and Amahlathi
(representing low rainfall) (COGTA-ADLM, 2020). Subsequently, the third stage randomly
selected two wards from each local municipality. The last stage involved randomly selecting
agricultural households from the selected wards. The complete list of farming households was
obtained from the SuperWeb StatsSA (2016) community survey (see Table 1.1). Furthermore,
a proportional sampling method was employed to maintain consistency in sampled populations
of varying sizes. This approach ensured that the population sizes of different wards were

proportionally represented in the sample size.
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Table 1. 1: Sampling Frame and sample size

District Local Wards Population  of Proportional
Municipality Agricultural sample size (n)
households (N)
Amathole Mbashe Ward 23 2229 63
Ward 29 1934 54
Amabhlathi Ward 3 2403 68
Ward 5 2002 56
Raymond Ward 21 1745 49
Mhlaba Ward 23 2566 72
OR Tambo Ingquza hill Ward11 1844 52
Ward 12 1852 52
Port St Johns Ward 2 2171 61
Ward 6 2590 73
Total 21336 600

Source: Author's calculation based on data from StatsSA (2016)

The total population (N) of agricultural households in the selected wards of the chosen local
municipalities was 21336 (see Table 1.1). The required sample size (n) was calculated using
Yamane's (1967) simplified formula, ensuring a 5% margin of error (e). Accordingly, a sample
of 393 was computed. A sample of 600 agricultural households was selected for inclusion in
the analysis to increase estimation accuracy. Of the 600 agricultural households surveyed, 495
were livestock producers, and 105-were non-livestock owners. The agricultural household was
used as a sampling unit. The most, knowledgeable-person about livestock, household food

security and income in each selected household was interviewed.

1.9.4 Data collection process, tool and sources
1.9.4.1 Data collection process

Data from household surveys was gathered through interviews conducted using a structured
questionnaire between April and December 2021. This direct engagement with the household
heads allowed for an in-depth exploration of their perspectives, experiences, and insights on
livestock selection choices, climate change impacts, household food security, and income
dynamics. The face-to-face interviews provided a personalised and nuanced understanding of
the respondents’ perspectives, enriching the dataset and enhancing the validity of the study's

findings. A semi-structured interview asks predetermined questions verbally, with the option
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to clarify specific questions if respondents have literacy or numeracy issues (Dlamini and
Huang, 2019). Previous studies in the Eastern Cape reveal low education among smallholder
farmers (Popoola et al., 2019; Taruvinga et al., 2022). Thus, the method was most suitable for
the study, given the high likelihood of encountering such issues in the study area.

The data collection process incorporated five trained enumerators; this included four master's
students and one PhD student who were enlisted to participate actively in the data collection
endeavour. The selection of the enumerators was contingent upon several criteria, including a
fundamental understanding of the data collection process, proficiency in reading and writing,
and the ability to translate English into Xhosa, the local language. All the enumerators were
from the Eastern Cape, but none were from the study sites. This helped reduce potential social
biases (Hitayezu et al., 2017). As part of their training, enumerators learned how to interact
with respondents appropriately, how important it is to remain neutral, and how to keep one-on-
one interactions with respondents as short as possible to avoid bias. Their involvement ensured
the proficient administration of the structured questionnaire, promoting uniformity and
accuracy in data acquisition across all study focations. This effort contributed to a robust data
collection process and strengthened the reliability-and comprehensiveness of the research

findings.

Prior to each interview, the participants were provided with an informed consent form that
outlined the objective and methodology 'of the survey, In general, the farmers displayed ease
in comprehending the survey protocol. While most farmers willingly signed the consent form,
a few expressed scepticism and concern about sharing their signatures. To accommodate their
reservations, we accepted verbal consent, and the interviews proceeded accordingly. The
interviews were predominantly conducted at the farmers' homesteads, fostering a comfortable

and familiar environment for the respondents.

Additionally, the participants were encouraged to raise questions concerning the subject matter
or other agricultural issues, allowing for a more comprehensive exchange of information and
providing relevant advice when possible. The average duration of each interview was
approximately one hour and 40 minutes, indicating the depth and thoroughness of the data
collection process. Notably, no incentives or rewards were provided to the respondents in
exchange for participating in the study, ensuring their motivation was solely their desire to

contribute to the research goals.
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1.9.4.2 Questionnaire design

A meticulous process was carried out to design a questionnaire to accomplish the study's
primary goal. This process was guided by an extensive literature review, which helped identify
essential variables and crucial factors that influence the intricate connection between livestock
selection practices, climate change, food security, and household income. The literature review
facilitated the identification of noticeable variables essential to the study's objectives. These
encompassed crucial aspects such as livestock selection choices, climate change perceptions,
household food security, and income generation. By ascertaining these variables, the
questionnaire was tailored to encompass critical dimensions, ensuring a comprehensive
exploration of the research domain. The questionnaire comprised five sections targeting
various aspects of the farm households under study.

The first section centred on farm household characteristics and captured essential demographic
and contextual information. The second section delved into livestock ownership decisions,
encompassing aspects such as engagement in livestock production, specific livestock species
and breeds owned, numbers of animals per species and category, livestock farming practices,
reasons for owning livestock, instances of'dropping livestock species in previous years, and
the reasons behind such decisions. The initial inquiry in this section prompted respondents to
indicate whether they owned livestock, determining the relevance of the subsequent questions

in this section based on their responses.

The third section focused on assessing farmers' perspective regarding climate change and how
they perceive livestock selection as an adaptation strategy. This section used 5-point Likert-
scale items to collect the relevant data. The statements were written to reflect farmers' climate
change risk perception, their climate change belief, climate change experience, perceived
effectiveness of livestock ownership and switching in response to climate change, farmers' self-
efficacy, perceived livestock ownership and switching costs, perceived climate advisory
competence, incentives, and subjective norms. Furthermore, the fourth section addressed
household income, including questions on revenue derived from farming and non-farming
activities and providing precise information about the specific quantities of income earned.
Finally, the fifth section centred on household dietary diversity, aiming to explore the range
and variety of food items consumed within the household. These dietary inquiries provided

valuable insights into the nutritional aspects of farm households.
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1.9.4.3 The questionnaire reliability and validity

The principal investigator conducted a preliminary test of the questionnaire on twenty
agricultural households from the study sites. During the pre-testing phase of the questionnaire,
participants were asked to provide input to improve the questionnaire's design and facilitate the
data collection process. The goal of the pre-testing was to evaluate the precision and suitability
of the questions in the questionnaire to improve the questionnaire’'s dependability.
Consequently, the questionnaire underwent revisions before its utilisation to gather primary
data for the study.

In addition, the reliability of the questionnaire, specifically for questions with scales, was
assessed using Composite Reliability (CR), Average Variance Extracted (AVE) and
Cronbach's Alpha. Cronbach's Alpha is applied assuming that several items measure the same
underlying idea, such as the perceived risk of climate change (Shrestha, 2021). Cronbach's
Alpha is a metric that measures the internal consistency of measurements and indicates a scale's

dependability. Mathematically, it can be expressed as:

a=—= [Eqni.1]

- 1+r(n-1)

Where n denotes the number aofitems.and r:signifies the average correlation among these items,
Cronbach's alpha index spans from’0cto! 1! Typically,”a Cronbach's alpha value equal to or
exceeding 0.7 is considered satisfactory (Hair et al., 2021). After the interviews were conducted
in the study area, Cronbach's alpha coefficient was employed to assess the internal coherence
of items assessing individual constructs (factor). The application of Cronbach's Alpha served
the purpose of identifying potential divergences in the collected responses.

The quality of a measurement is reflected in the AVE and CR coefficients. AVE serves as an
indicator of convergent validity, while CR gauges the internal consistency within scale items.
The AVE and CR values range between 0 and 1, with higher values denoting increased
reliability (Bazrafkan et al., 2022; Hair et al., 2021). AVE exceeding or equal to 0.5 affirms
convergent validity (Hair et al., 2021). The CR values falling within the range of 0.6 to 0.7 are
deemed acceptable (Shrestha, 2021). According to Shrestha (2021), the construct's convergent
validity is considered adequate when the CR is greater than 0.6 and the AVE is less than 0.5.

20



The calculation of AVE involves dividing the sum of squared loadings by the number of items,

as expressed by the following equation:

2
n Ai

AVE = % [Eqn 1.2]

The calculation of CR for each construct involves adding the squares of fully standardised

factor loadings and then dividing this sum by the total error term variance for the respective

indicators Shrestha (2021). The formula to compute CR is as follows:
n Aiz

CR =

2
T ATHXE, Var(e)

[Egn 1.3]

Where n represents the count of items, A stands for the factor loading of item i, and Var (ei)

corresponds to the error variance of item i.

1.9.4.4 Climate Data Sources

The primary data used in the study was sourced and collected from farming households in the
selected study area. The climate data utilised- in this study comprised average monthly
temperatures and precipitation sourced;fromthe,South, African Weather Services (SAWS).
Geo-referencing was employed to integrate the climate data with the primary data collected
from smallholder farmers. Geo-referencing is a process that associates spatial coordinates
(latitude and longitude) with specific geographic locations, such as towns, to depict their
positions on maps or in spatial datasets accurately. In this context, the study used the town
names to geo-reference the climate data by determining each farmer's nearest town's
corresponding coordinates (latitude and longitude). This task was achieved using online
geocoding services, which allowed the input of town names to obtain their respective
coordinates. These services used geospatial databases to match town names with appropriate
geographical coordinates. Through this geo-referencing approach, the study ensured a
dependable representation of climate data at a localised level, which was crucial for conducting
micro-level analyses. It was assumed that households within the same town or ward

encountered similar rainfall and temperatures in this study.
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1.9.5 Overview of data analysis procedures

This sub-section presents the overview of the analytical framework followed to meet the study's
research objectives. The data were analysed employing Excel and statistical models in STATA

version 15. The summary of the utilised econometric modelling is provided below;

Objective 1: To assess farmers' perceptions of climate change and variability and the

adaptability of livestock species in the study area.

v’ Descriptive statistics
v Trend analysis
v Weighted rank Indexes

Objective 2: To determine the factors influencing farmers' livestock ownership and intensity

in the study area.

v Double hurdle model
o Hurdle 1: A probit model
o Hurdle 2: Zero truncated negative binomial regression model

Objective 3: To estimate the effect of climate factors on livestock species and breed choices

among smallholder livestock farmers in the study area.

v" Multivariate Probit model

Objective 4: To investigate farmers' intentions to switch livestock species in response to
climate change and explore the psychological factors influencing their decisions in the study
area.

v’ Structural equation model

Objective 5: To assess the impact of livestock choices in response to climate change on

household food security and income in the study area.

v’ Descriptive statistics (household food security and income description)

22



v An endogenous switching regression model

1.10 Outline of the study

The thesis comprises eight chapters and follows a paper format. Chapter one serves as the
general introductory section, offering the contextual background of the study, outlining the
problem statement, operational objectives, questions, and hypothesis, emphasising the
significance of the study, providing an overview of the general research methods, and outlining
the study's structure. Chapter two delves into the bibliometrics review, identifying the main
topics that comprise the livestock choice research structure, the dominant, declining, and
emerging issues in livestock choice research, and the evolution of livestock choice research
over time. Chapter three presents the farmers' perceptions of climate change, compared with
meteorological data and perceptions of livestock adaptability to climate variability. Chapter
four offers empirical results on the factors influencing livestock ownership and intensity among
smallholder farmers. Chapter five focuses on the influence of climate-related factors on
farmers' choice of livestock species and breeds. Chapter six explores the impact of
psychological factors on farmers' intentions:to:switch livestock in response to climate change.
Chapter seven discusses the effects of livestock species and breed choices in response to
climate change on household income and food security. The final chapter summarises, draws

conclusions, and offers recommendations based on the study's findings.
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CHAPTER 2: MAPPING THE RESEARCH LANDSCAPE OF
LIVESTOCK ADAPTATION TO CLIMATE CHANGE: A
BIBLIOMETRIC ANALYSIS (1994-2023)

Abstract

Climate change poses significant challenges to global livestock production, necessitating the
development of adaptive strategies. While research on climate-adaptive livestock selection has
expanded, a systematic review of emerging trends and thematic developments is lacking. This
study addresses this gap through a bibliometric analysis of literature on livestock adaptation to
climate change from 1994 to 2023, focusing on research priorities and thematic evolution. The
results reveal a clear shift in focus over the past three decades. Early research (1994-2003)
primarily addressed physiological mechanisms, such as thermoregulation, and livestock's
immediate responses to climate stressors. From 2004 onward, the emphasis moved toward
genetic diversity and local adaptation, with increased attention on identifying climate-resilient
traits using genomic tools like microsatellite markers and mitochondrial DNA. Recent research
(2014-2023) has focused on heat stress and-its impact on livestock productivity, leading to the
development of precision breeding techmiques. Additionally, studies have highlighted the
environmental impacts of livestock farming, particularlyr methane emissions. The role of
dietary interventions and natural cOmpounds inisupportingdivestock health under climate stress
has also gained attention. Future research should prioritize mitigating methane emissions
through genetic selection and sustainable feed additives, while addressing gaps such as
integrating genetic traits with physiological mechanisms and exploring heat stress
management. Furthermore, integrating indigenous knowledge, interdisciplinary approaches,
and agroecosystem-based strategies will be key to strengthening livestock resilience. Policy
interventions, sustainable management practices, and long-term conservation efforts are

essential for maintaining livestock system viability amid climate change.

Keywords: Livestock Adaptation, Climate Change, Bibliometric Analysis, Research Trends,

Genetic Resilience, Genetic Diversity, Heat Stress
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2.1 Introduction

Climate change presents unprecedented challenges to agricultural sustainability, particularly in
the livestock sector, which is highly vulnerable to extreme weather events and shifting climatic
patterns (Cheng et al., 2022). The increasing frequency of heat stress altered pathogen
dynamics, and fluctuations in forage availability pose significant risks to livestock productivity
and the livelihoods that depend on it (Bateki et al., 2023; Germer et al., 2023). In response to
these challenges, adaptive livestock adaptation strategies have become crucial to enhance

resilience and sustain production under changing climatic conditions (Casey, 2023).

However, despite the growing body of research on livestock species and breed selection in the
context of climate change (Seo, 2015; Seo et al., 2010; Zhang et al., 2013), the existing
knowledge is fragmented across multiple disciplines, resulting in isolated insights and limited
cross-disciplinary collaboration. This fragmentation impedes the development of holistic
adaptation strategies that integrate  diverse perspectives, including animal genetics,
environmental science, and socio-economic considerations. A comprehensive synthesis of the
available literature is therefore essential to identify effective adaptation pathways and provide

a clearer understanding of emerging trends and research priorities.

The complexity of climate-induced stressors necessitates a structured approach to synthesizing
existing knowledge on livestock adaptation., While substantial efforts have been made to review
the climate change adaptation literature, traditional review methodologies, such as systematic
and narrative reviews, often struggle to capture the interdisciplinary nature and evolving
landscape of this research domain (Avenali et al., 2023). Additionally, meta-analyses, which
aggregate quantitative findings to provide overall trends, face challenges due to inconsistencies
in study methodologies and data heterogeneity, limiting their applicability in a field
characterized by diverse adaptation strategies and regional contexts (Gusenbauer and

Haddaway, 2020; Xia et al., 2024).

Bibliometric analysis offers an alternative for systematically analyzing large volumes of
literature by identifying research trends, key contributors, and thematic structures (Avenali et
al., 2023; Passas, 2024). Unlike traditional review methods, bibliometric techniques leverage
citation networks and co-occurrence analysis to map the intellectual landscape, highlight
research gaps, and visualize thematic evolution over time (Mirhashemi et al., 2022). This

makes bibliometric analysis particularly well-suited to a fragmented field like livestock

25



adaptation to climate change, where diverse research contributions from multiple disciplines

need to be integrated into a cohesive framework.

Despite the increasing application of bibliometric methods in climate change adaptation
research (Einecker and Kirby, 2020; Wang et al., 2018; Wu et al., 2018), their use in livestock
adaptation studies remains largely unexplored. This study seeks to bridge this gap by applying
bibliometric techniques to systematically map the research landscape, identify dominant and
emerging themes, and uncover future directions and research gaps. The insights derived from
this analysis will not only enhance the understanding of current research trends but also provide
policymakers, researchers, and practitioners with a strategic framework to guide future research
efforts. By highlighting critical knowledge gaps and emerging focus areas, this study will
contribute to the development of more targeted and effective livestock adaptation strategies in

response to climate change.

This study aims to conduct a bibliometric review of livestock adaptation to climate change
from 1994 to 2023, employing co-occurrence and thematic evolution analysis to explore the
conceptual structure of existing literature. Specifically, the study seeks to answer the following

research questions:

1. How has livestock adaptation research performed in terms of trends in scientific output
by year and country, as_well as the most productive authors and influential journals
contributing to this field, a¢cording to; Scopus database?

2. How have the central research themes in livestock adaptation to climate change evolved
over the past three decades?

3. What is the current research landscape of livestock adaptation to climate change, as
determined by the co-occurrence of key terms and themes in the literature?

4. What future research gaps and emerging themes require further investigation to enhance
livestock resilience to climate change?

This paper is organized as follows: the methodology section outlines the bibliometric analysis
approach, covering data collection, keyword extraction, and network analysis methods. The
results section presents key insights, complemented by visual representations of research trends
and thematic patterns. The discussion contextualizes these findings within the broader scope
of climate adaptation and livestock management. Subsequently, the identified research gaps are

discussed, followed by the study’s conclusion.

26



2.2 Materials and Methods

2.2.1 Search strategy and selection criteria

It is crucial to search databases that have been demonstrated to be appropriate for systematic

assessments of academic literature (Gusenbauer and Haddaway, 2020). Web of Science and

Scopus are the most often used databases. A recent study comparing these two databases

revealed that 99.11% of the journals in Web of Science are also in Scopus (Singh et al., 2021).

In contrast, only 34% of the journals in Scopus are also listed in the Web of Science (Singh et

al., 2021). Donthu et al. (2021) also suggest employing a single suitable database to reduce the

necessity for consolidation, as reducing unnecessary tasks can minimize the risk of human

errors. Thus, Scopus was selected as the central database for this review. A comprehensive

electronic literature search was conducted on January 1st, 2024. This study developed an

extensive and inclusive search query to retrieve all potential documents focusing on livestock

in response to climate change. The specific search query used, as well as the search strategy

and selection criteria, are presented in the bibliometrics data collection framework in Figure

2.1.

| Keywords identification (literature) |

( "climat* chang*" OR "climat*-chang*" OR s

climate OR '"extreme event*" OR '"extreme
weather" OR "global warming” OR "climate
extreme" OR "extreme climate change" OR
"extreme chang* climate” OR "climate risk" OR
"warm* climate" OR "climate variabilit*" OR
"chang* climat*" OR variability OR vunerability
) AND ( adapt* OR "adapt* strateg*" OR
"climat* chang* adapt*" OR "adapt* practic*"
OR "adapt* respons*" OR 'climate change
strateg*" OR  'risk-coping adapt*" OR
"increment* adapt*" OR "trans* adapt*" ) AND (
"livestock farm*" OR pastoral* OR "livestock
management” OR "livestock husbandry” OR
"raising animals" OR "livestock production” OR
livestock OR "livestock species" OR "livestock
breeds" OR goat* OR sheep* OR cattle* OR
poultry* OR pig* OR chicken* ))

Figure 2. 1:Bibliometrics data collection framework

Source: Author's construction

Literature search Database : Scopus

(TITLE-ABS-KEY field)
N= 8003

¥

Exclusion

Book chapter, Review, Conference paper, Book, Book series,
Editorial, Short survey, Note, Erratum, Letter, Data paper,
Conference review and proceeding, Trade journal, Undefined

Inclusion

Peer reviewed journal articles, published in English, published
from 1994, in all geographical areas, subject areas include:
agricultural and biological science and social sciences

Total hits/sample: N=3217
Exported to BibTex formats and CSV
formats

aseqeiep oY)

2.1 shows that the initial search in the Scopus database in the abstract-title-keyword field

yielded 8003 documents. The screening process was conducted within the database to refine

the body of knowledge for review and minimize the number of irrelevant results. The search

was restricted to peer-reviewed journal articles published in English between 1994 and 2023,

encompassing all geographical regions. The subject areas considered were agricultural and
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biological sciences and social sciences. On the other hand, the exclusion criteria involved
removing all documents that were book chapters, reviews, conference papers, books, book
series, editorials, short surveys, notes, erratum, letters, data papers, conference reviews and
proceedings, trade journals, and undefined sources. The data was then loaded and converted to

BibTex and CSV formats for further synthesis and analysis.

2.2.2 Data analysis framework

The analysis was done using Biblioshiny application and VOSviewer software. While
Biblioshiny allowed the researchers to develop thematic evolution map, VOSviewer has the
advantage of displaying clear network maps, determining a minimum number of keyword
occurrences, and establishing a threshold. This is essential when understanding the most
prevalent themes in the research domain. MS Excel was also used to perform fundamental
analysis and draw clear graphs of scientific production over time. Commonly employed
techniques in bibliometric literature encompass performance analysis and science mapping.
Performance analysis is utilized to assess the efficiency and level of recognition of various
actors using bibliographic data. On the other hand, seience mapping highlights the structural

and intellectual patterns of the research domain(Aria et al., 2020).

Analyzing the conceptual structure is crucial for comprehending the subjects or ideas addressed
within the research domain and determining which themes are the most significant and up-to-
date (Aria et al., 2020). It is also crucial to establish the conceptual structure for evaluating the
progress of a research topic across time (de Oliveira et al., 2019). The study also used content
analysis to explore the clusters identified in the conceptual structure. This methodology is
advantageous for analyzing patterns, understanding information, and interpreting meaning

(Vaismoradi et al., 2013).

Following previous work (Aria et al., 2020; Fusco et al., 2020), the study developed a strategic
thematic map that plots the keywords or themes into four quadrants, rendering the
themes/keyword density and centrality rank values. Fusco et al. (2020) defined centrality as a
metric that quantifies the level of interaction between a network and other networks. It is
regarded as an indicator of the significance of a theme in the overall advancement of the
analyzed research field. Density quantifies the network's internal robustness and indicates a

theme's level of advancement.
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To achieve the study's main objectives, the conceptual structure analysis was performed, with
the authors' keywords being used as the focus of the analysis. The study explored the co-
occurrence network of authors' keywords, and parameters for the co-occurrence network were
set with a minimum of 20 occurrences, and 49 keywords met the threshold. Complete counting
was employed for this analysis. Moreover, a study of thematic evolution across three distinct
periods, 1994-2003, 2004-2013, and 2014-2023, was conducted, and 50 keywords were
selected in the parameters. In addition, the thematic map for the recent decade was used to

understand the relevance and development of themes in recent years.

Motor or engine themes refer to topics in the upper right quadrant of a thematic map (Aria et
al., 2020). They are characterized by high density and centrality, indicating that the themes are
thoroughly developed and crucial to the structure of the subject researched. The topics in the
lower right quadrant are transversal, generic, and basic themes. Their high centrality and low
density distinguish between these themes. The themes in this quadrant hold significance within
the study domain, but their development needs to be improved (Fusco et al., 2020).
Furthermore, they pertain to overarching subjects that intersect with several research fields, but
their external relations are immaterial (Aria et al.; 2020). The top left quadrant themes are
referred to as niche or highly specialized”and 'isolated motifs, characterized by a high
concentration but low importance or at the borderline of the overall research field being studied
(Fusco et al., 2020). Themes| located: in; the/lower-left [quadrant are referred to as peripheral
themes. These themes are consideréd €émerging or'decreasing and are characterized by having
low centrality and low density. This means they are underdeveloped and situated at the margins
or edges of the research study domain (Aria et al., 2020; Fusco et al., 2020). Therefore, in this

study, the themes or keywords are analyzed depending on which quadrant they are located.

2.3 Results
2. 3.1 Overview of the data

Table 2.1 presents the primary details regarding the dataset, including its size, growth rate,
authorship patterns, and the content of the documents. The filtered search query yielded 3217
articles published over 30 years (i.e., from 1994 to 2023), with an annual growth rate of 12.46%
and published in 870 journals. The results indicate that in the past 30 years, the number of
articles in the dataset has been steadily increasing, suggesting that research interest in the topic

has been growing. The mean age of the articles in the dataset is 7.89 years. The results mean
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that, on average, the articles in the dataset were published approximately 7.89 years ago. This
suggests that the dataset primarily contains recent publications. The results also reveal that, on
average, each article in the dataset has been cited 22.82 times. This indicates the growing
impact of the research within the dataset. The content of the documents includes 11209
Keywords Plus (ID) and 8841 Author's Keywords (DE). Lu et al. (2020) emphasize that authors
typically select keywords based on their prior knowledge and experience in the field,
suggesting that the chosen keywords can reflect their expertise or indicate a multidisciplinary
perspective. In addition to this, these keywords are useful for identifying key themes or topics

within the dataset and provide insights into the main focus areas of the research.

A total of 13960 authors are associated with the documents in this dataset. This suggests diverse
researchers are involved in the field, potentially representing different perspectives and
expertise. There are 195 Authors of single authored documents and 212 single-authored
documents in the dataset, meaning that most documents result from collaboration among
multiple authors. On average, there are 5.39 co-authors per document. This indicates a high
degree of cooperation between authors in this/ dataset. Approximately 39.14 % of the
collaborations involve international co-authorships: This suggests solid global collaboration

among researchers contributing to this dataset.
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Table 2. 1: Primary details about the bibliometrics dataset

Description Results

MAIN INFORMATION ABOUT DATA

Timespan 1994:2023
Sources (Journals, Books, etc.) 870
Documents 3217
Annual Growth Rate % 12.46
Document Average Age 7.89
Average citations per doc 22.82
References 1
DOCUMENT CONTENTS

Keywords Plus (ID) 11209
Author's Keywords (DE) 8841
AUTHORS

Authors 13960
Authors of single-authored docs 195

AUTHORS COLLABORATION

Single-authored docs 212
Co-Authors per Doc 5.39
International co-authorships % 39.14
DOCUMENT TYPES

Article 3217

2.3.2 Performance analysis of livestock adaptation research (1994-2023)
2.3.2.1 Annual and cumulative scientific production from 1994-2023

Figure 2.2 presents the annual and accumulative frequency of research publications on
livestock selection in response to climate change from 1994 to 2023. The numbers show a
fluctuating trend over the years. From 1994 to the mid-2000s (2006), there was a low volume

of publications, with an average of 22 articles per year.
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Figure 2. 2: Annual and cumulative scientific production from 1994-2023

Source: Authors’ compilation

The most significant increase in research output appears from 2007 onwards, indicating a
substantial rise in interest or emphasis on’livestock selection in response to climate change.
The consistent increase in publications from:|2007 to 2023 suggests a growing interest in
exploring livestock selection in response to climate change. This could be due to numerous
factors, such as increased awareness of climate change impacts on agriculture, evolving
research methodologies, and funding availability. By 2023, the cumulative total of articles

published stands at 3217.

2.3.2.2 Countries scientific production

Figure 2.3 presents a world map showing the countries' scientific production. Various tones of
blue represent varying productivity levels: deep blue signifies high productivity, light blue
indicates low productivity, and grey denotes an absence of articles. The map indicates that the
USA (1559), China (682), Franc (607), Brazil (557), Australia (525), the United Kingdom
(516), India (431), Germany (381), Spain (378), Italy (366), Canada (309), South Africa (284),
Kenya (237), Ethiopia (234), Netherland (190), Mexico (133), Sweden(127), Nigeria (116),
Portugal (113), and Pakistan (112) are the top 20 countries that have significant number of
articles focused on the intersection of livestock and climate change. This suggests a noticeable
interest or concern in comprehending and addressing the effects of climate change on livestock
in these nations. The reasons for this trend differ by region; for instance, developed countries

are driven by technological innovations, global economic influence, and policy leadership.
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African nations could be motivated by agricultural resilience, sustainability imperatives, and a

commitment to international collaboration for development.

a2

Figure 2. 3: Scientific production by country

Source: Author's compilation

Note: Various tones of blue vepresent varying productivity-levels: deep blue signifies high
productivity, light blue indicates low productivity, and grey denotes an absence of articles. The

map was created in Excel

2.3.2.3 Three-field plot: Authors-Keywords-Journal

Figure 2.4 portrays a three-field plot utilizing a Sankey diagram, illustrating the
interconnections between authors, authors' keywords, and journals. The Sankey diagram is a
visual tool representing the linkages and flow of data or resources (Fatehi et al., 2020; Koo,
2021; Martinez-Garcia et al., 2023). This is to visually represent the linkages and quantities
between different variables (Martinez-Garcia et al., 2023). The vertical dimension of the
rectangular nodes represents the frequency at which specific authors' keywords or journals are
inside the collaborative network. The thickness of the lines connecting these nodes corresponds

to the quantity of connections.
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Figure 2. 4: Three-field plot illustrating the interconnections between authors (left), authors'

keywords (middle), and journals (right)

Source: Author s compilation

Significantly, Sejian V stands out as the most prolific author with 16 articles, while Wang X
and Li Y closely follow with nine publications-each. Sejian V's research interests encompass
livestock, heat stress, drought, and climate change. Wang X and Li Y primarily focus on
climate change and adaptation, with’additional research'on cattle, heat stress, and drought. The
prevalent themes in the datasets are climate change, adaptation, heat stress, and cattle, with
notable contributions in journals such as Molecular Biology Evolution, PLOS ONE,
Sustainability (Switzerland), Tropical Animal Health, and Production. The prominence of
these themes in the research landscape emphasizes the significance of understanding and

addressing climate-related challenges in livestock, particularly in the mentioned journals.

2.3.3 Conceptual structure of livestock adaptation research

This section focuses on the conceptual structure of research on livestock in response to climate

change, presented from the co-occurrence of keywords, thematic evolution, and thematic maps

2.3.3.1 Thematic evolution of livestock adaptation research

Figure 2.5 presents the thematic evolution of keywords in the past three decades. In the first

decade (1994-2003), research primarily focused on understanding the physiological and
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genetic mechanisms of adaptation to climate change. Key themes included heat stress,
thermoregulation, and phenotypic plasticity, particularly in cattle, pigs, and broilers. This
period also emphasized genetic diversity and the adaptation of livestock species, with a focus
on Bos taurus and the role of heritability in breed-specific resilience. Early studies explored
the impact of climate change on livestock, highlighting the importance of biodiversity and
biogeography in understanding species distribution and adaptation to diverse climates.
Additionally, nutritional factors, such as carotenoids and chlorophyll, were identified as
important for supporting livestock resilience.

The second decade (2004-2013) saw a broader exploration of genetic and environmental
factors influencing livestock adaptation. Photosynthesis emerged as a theme linked to earlier
concepts of biogeography and phenotypic plasticity, suggesting an interest in the interaction
between livestock and their environment. The focus expanded to include sheep and beef cattle,
with increased attention on genetic diversity, local adaptation, and genomics. This period
marked a shift towards molecular techniques, such as:mtDNA and microsatellite markers, to
assess genetic variation. The theme of conservation became more prominent, reflecting a
growing awareness of the need to preserve genetic diversity for adaptation. Research continued
to address climate change and its impacts, While agroforestry emerged as a strategy for

integrating livestock management with environmental conservation.

In the recent decade (2014-2023);research’further ‘developed the themes of genetic and
physiological adaptation, with heat stress emerging as a central concern, especially for beef
cattle and sheep. Studies focused on local adaptation, genomic approaches, and genetic
diversity to improve livestock resilience to climate-induced heat stress. The theme of climate
change remained dominant, emphasizing its role in shaping livestock management practices.
Additionally, pigments were identified as a potential factor in supporting livestock health,
especially in response to environmental stressors. The focus on conservation persisted, with

ongoing efforts to preserve genetic diversity for long-term adaptive capacity.
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The results show a clear progression from foundational studies on physiological and genetic
adaptation to more advanced approaches involving genomics, environmental sustainability,
and the management of heat stress in response to climate change. Each decade contributed to
the refinement of research on livestock resilience, integrating new genetic tools, environmental

factors, and sustainability practices.
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Figure 2. 5: Thematic evolution diagram of 1994-2023

Source: Author's compilation
2.3.3.1.1. Livestock adaptation research development in recent years (2014-2023)

Figure 2.6 illustrates the thematic map for the 2014-2023 period, displaying author keywords
across four quadrants based on keyword density and centrality rank values. The size of each
circle represents the number of publications related to that topic, with larger circles indicating
a higher volume of research. The thematic map highlights climate change, adaptation, and
livestock as dominant themes, positioned at the intersection of basic and motor themes. Their
high centrality but low density suggests that while these topics are widely relevant across the
research domain, their conceptual and methodological development remains limited, indicating
the need for further in-depth exploration and refinement. Additionally, climate, cattle, and heat
stress emerge as key motor themes in the upper-right quadrant, indicating that these areas are
well-developed and crucial to the research landscape. Their high centrality and density reflect
a strong focus on cattle adaptation to climate-related stressors, particularly heat stress,

highlighting the progress made in understanding and addressing these challenges.
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Figure 2. 6:Thematic Map of 2014-2023

Source: Author's compilation

A notable niche theme emerging is methane, reflecting a growing research focus on mitigating
livestock-related greenhouse gas emissions. Its presence as a niche theme suggests that while
it is a specialized area, it is gaining traction due to increasing concerns about the environmental
impact of livestock production and the need for sustainable adaptation strategies. Additionally,
pigments and photosynthesis are identified as emerging themes, suggesting a growing focus on
the role of forage quality in livestock adaptation. These themes likely relate to the impact of
climate change on plant growth, nutritional quality, and resilience, which directly affect
livestock feed availability. Research in this area explores how improved photosynthetic
efficiency and stress-tolerant forage crops can support livestock adaptation by ensuring a stable
and nutritious feed supply under changing climatic conditions. Themes such as genetic
diversity, conservation, and inbreeding are situated on the edges of emerging and basic themes,
indicating that while they are gaining attention, they remain less developed but present
significant opportunities for future research. This reflects a growing recognition of the
importance of genetic factors in improving livestock resilience to climate change, yet their

development is still at an early stage.
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2.3.3.2 Co-occurrence’s network of author's keywords

The co-occurrence network map, depicted in Figure 2.7, provides a visually insightful
representation of the relationships among various author-defined keywords in the retrieved
literature. This analytical approach enables the examination of dominant themes and the
robustness of the relationships between these thematic elements (Scharp, 2021). The
dimensions of the label and the accompanying circle for each term in this network map are
determined by the frequency of occurrence within the dataset, as per the methodology
established by (Van Eck and Waltman, 2023). Terms with greater occurrence weights are

visually depicted with more prominent labels and circles, highlighting their importance in the

dataset.
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Figure 2. 7: Co-occurrence network of Author's keywords

Source: Aurthor’s compilation

Notably, within the dataset, climate change (521), adaptation (310), livestock (89), heat stress
(83), drought (80), resilience (77), vulnerability (76), cattle (75), pastoralism (72), and sheep
(61) emerged as the most frequently occurring themes. Furthermore, the thickness of the lines
connecting terms indicates the strength of the relationship or co-occurrence between them, with
thicker lines representing stronger links. The analysis reveals a robust association between
climate change and adaptation, suggesting a profound interdependence between these concepts
within the dataset. This implies that addressing climate change is inherently linked to the

imperative of adapting to its impacts, reinforcing the notion that comprehending and
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responding to climate change necessitates a simultaneous focus on adaptation measures.

2.3.3.2.1 Cluster identification and interpretation

Table 2.2 outlines the cluster identification and interpretation derived from the co-occurrence
network map (Figure 2.7). The first cluster is identified as 'Red'. This cluster encompasses a
comprehensive range of keywords or topics exploring the intricate relationships between heat
stress, genetic factors, livestock types, adaptability, and environmental considerations to
develop strategies for enhancing climate resilience in livestock farming (climate resilience and
livestock management cluster red) in this cluster, heat stress and livestock species such as
cattle, sheep and genetic diversity are the most occurring themes. The second cluster is
identified as 'Green'. This cluster reveals the intricate relationships between climate change,
adaptive measures, and sustainable livelihood strategies among livestock-producing
communities (Climate Change Adaptation and Livelihood Strategies-Cluster Green). Climate
change, adaptation and livestock are the most common themes in this cluster. The 'blue’ cluster
is indigenous knowledge for climate change adaptation and resilience among African
pastoralists. It signifies the importance of indigenous knowledge in climate adaptation and
resilience, particularly within African pastoral communities. Resilience is the most common

theme in this cluster.

The fourth cluster is represented by. the color mastered, and it indicates a thematic grouping

where the main topics are photosynthetic pigments and phenotypic plasticity. The convergence
of these themes suggests a specialized focus on the genotype ability of plants and animals to
produce various phenotypes under different environmental conditions (photosynthetic
pigments and phenotypic plasticity in livestock in the era of climate change-cluster mastered).
The color purple identifies the last cluster, characterized by common themes of sustainability,

diversification, and mitigation (Agroforestry Diversification for Sustainable Mitigation-cluster
purple).
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Table 2. 2:Cluster identification and interpretations

Cluster
identification

Keywords

Concept cluster

Cluster “Red”

Adaptability, beef cattle, biodiversity, Bos indicus, Bos
taurus, cattle, climate, conservation,

dairy cattle, digestibility, diversity, environment,
evolution, genetic diversity, genetic

resources, genetic variability, genomics, global warming,

goats, grazing, growth, heat stress, heat tolerance,

Genetic
Adaptation and
Breeding
Strategies for
Livestock in
Response to

heritability, inbreeding, local adaptation, methane, Climate Change

microsatellites, pasture, pig, pigmentation, population

structure, reproduction, selection, sheep, stress,

temperature,

thermoregulation, variability

Cluster “green” Adaptation, adaptation strategies, adaptive capacity, Climate

agriculture, climate change, climate Adaptation and

change adaptation, climate variability, coping strategies, Livelihood

drought, food security, gender,
livelihood, livestock, livestock production, migration,

Resilience in
Pastoral and

pastoralism, perception, rangelands, smallholder farmers, = Smallholder
vulnerability, Kenya Farming Systems
Cluster “blue” Africa, climate adaptation, Ethiopia, indigenous Indigenous
knowledge, pastoralists, perceptions, Knowledge and
Rangelands, resilience Climate

Adaptation in
African Pastoral
Systems

Cluster“Mastered”

Carotenoids, chlorophyll, phenotypic plasticity,
photosynthesis, photosynthetic pigment,
phytoplanktoen; pigments

Interdisciplinary
Adaptation
Mechanisms in
Agroecosystems

Cluster “purple”

Agroforestry, diversification, mitigation, sustainability

Sustainable
Livestock
Adaptation
Through
Integrated
Agroecosystems

2.4 Discussions

The findings show a growing body of research on livestock adaptation to climate change across
countries, although it remains less emphasized than the climate change-crop nexus (Herrero et
al., 2015). This trend mirrors Escarcha et al. (2018), who also observed an increase in studies

focused on livestock under climate change.
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2.4.1 Thematic trends in livestock adaptation to climate change research (1994—
2023)

During the early 1990s and 2000s, research on livestock adaptation to climate change primarily
focused on understanding the physiological mechanisms that enable livestock to cope with
environmental stress, with particular emphasis on heat stress (Gordon, 2003; Koolhaas et al.,
1999; Silanikove, 2000). Studies on thermoregulation and phenotypic plasticity in livestock
species, particularly cattle and pigs, provided critical insights into their ability to withstand
extreme temperature fluctuations (Brown-Brandl et al., 2001; de Jong and Bijma, 2002; Herpin
et al., 2002). The increasing frequency of drought and heatwaves projected in early IPCC
reports during the 1990s (IPCC, 2007) likely influenced the surge in research focused on
understanding the physiological mechanisms, thermoregulation, and phenotypic plasticity of
livestock. These studies aimed to uncover how livestock species, particularly cattle and pigs,
could adapt to extreme temperature fluctuations, providing foundational insights into heat

tolerance and resilience, for subsequent research on genetic adaptation.

The period from 2004 to 2013 marked a pivotal shift in livestock adaptation research, with a
growing emphasis on genetic diversity.,and: focal adaptation. Researchers increasingly
acknowledged that livestock resilience to climate change is influenced not only by
physiological responses but also by genetic factors (Boettcher et al., 2015; Sejian et al., 2019;
Tian et al., 2023). During this time, the integration of molecular tools-such as microsatellite
markers, mitochondrial DNA (mtDNA), and more recently, genomic technologies, enabled the
precise identification of resilient traits. Livestock breeding programs utilized these tools to
develop climate-resilient breeds (Madhusoodan et al., 2019; Sarang et al., 2024; van Marle-
Koster and Visser, 2018). This shift toward genomic research reflects broader trends in
agriculture, where precision breeding techniques are employed to enhance livestock resilience
to climate variability (Papakonstantinou et al., 2024). Additionally, this period saw a growing
recognition of the role of agroforestry and conservation practices in livestock systems.
Integrated approaches, such as those promoted by the World Agroforestry Centre (ICRAF),
highlighted how agroforestry can mitigate the effects of climate change while supporting
sustainable livestock production (Dawson et al., 2014). This period also underscored the global
importance of integrating conservation strategies into livestock adaptation frameworks. The
incorporation of conservation approaches within the context of sustainable intensification, is
critical for preserving biodiversity and ecosystem services while ensuring livestock systems

remain resilient under climate stress (Diyaolu and Folarin, 2024). These advancements
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significantly contributed to the development of policy frameworks, such as the Paris
Agreement (2015), which underscores the need for sustainable, climate-resilient livestock

production systems.

The period from 2014 to 2023 continued to focus on genetic diversity and local adaptation, but
with a stronger emphasis on heat stress and its impact on livestock productivity, particularly in
tropical and subtropical regions. The growing attention to heat stress, especially in beef cattle
and sheep, is a direct response to the intensifying effects of climate change on livestock in
regions predicted to experience significant temperature increases, such as sub-Saharan Africa
(IPCC, 2022). During this period, the use of genomic tools to identify heat-tolerant traits played
a central role in developing breeds capable of thriving in extreme temperatures. Additionally,
research revisited the role of natural compounds, such as carotenoids and other antioxidants, in
mitigating the physiological impacts of heat stress. These findings offer promising
opportunities for dietary and genetic interventions aimed at improving livestock health and

productivity in hot climates (Oke et al.[2021).

The period from 2014 to 2023 marked an evolution in livestock adaptation research, building
on previous themes while introducing new areas'of focus. As climate change intensifies, heat
stress remains a critical issue, particularly-for beef cattle and sheep, which are vulnerable to
increasing temperature extremesinctropical and subtropical-regions (Sejian et al., 2018).
Genomic tools have become central‘to’ breeding-livestock’ with heat-tolerant traits, aligning
with broader agricultural trends toward precision breeding to enhance resilience to climate
variability (Papakonstantinou et al., 2024). Alongside genetic adaptation, the emerging concern
about methane emissions reflects a growing interest in mitigating the environmental impact of
livestock production, particularly its role in global warming. This shift highlights the
importance of greenhouse gas mitigation strategies in sustainable livestock management
(Dawson et al., 2014). Additionally, the rising focus on photosynthesis and pigments
underscores the significance of plant growth and nutritional quality in supporting livestock
health under climate stress (McGrath et al., 2018). This theme is linked to the potential of
natural compounds, such as carotenoids and antioxidants, in mitigating heat stress, offering
new opportunities for dietary and genetic interventions. The inclusion of genetic conservation
and inbreeding research further emphasizes the importance of maintaining genetic diversity to

enhance long-term resilience (Sarang et al., 2024). Together, these evolving themes represent
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a comprehensive approach to livestock adaptation, integrating physiological, genetic, and

ecological factors to address climate change challenges.

2.4.2 Topics in livestock adaptation research

2.4.2.1 Genetic adaptation and breeding strategies for climate-resilient livestock

This cluster focuses on the genetic adaptation and breeding strategies of livestock in response
to climate change, emphasizing the role of heat stress, thermoregulation, and environmental
factors that influence livestock performance. Heat stress is a central theme in climate resilience
and livestock management literature, with significant negative impacts on livestock production.
Researchers emphasize the importance of identifying climate-adaptive livestock species and
breeds, particularly those that are thermotolerant and suited to specific agroecological zones,
to maintain productivity (Henry et al., 2018; Sejian et al., 2018; Thornton et al., 2021). While
much of the research focuses on heat stress, there is a call for more studies on how livestock
adapt to cold temperatures, as the current emphasis on heat stress stems from its immediate and

tangible effects on livestock well-being (Wanjala et al., 2023).

The selection of high-performing breeds has long been a strategy to increase cattle and sheep
productivity, particularly in heat-stressed environments (Henry et al., 2018) . Studies have
shown that livestock species such'as cattle and sheep'are particularly susceptible to heat-related
stressors compared to other species, such as goats, which exhibit remarkable resilience to
extreme temperatures and humidity (Joy et al., 2020; Vetter et al., 2020). Goats are known for
their ability to endure water scarcity, limited food resources, and severe metabolic stress,
making them a robust option for regions facing climate change (Henry et al., 2018; Sejian et
al., 2018). Despite intensive selection programs in domesticated livestock, significant genetic

diversity remains, offering opportunities for further adaptation (Henry et al., 2018)

Natural selection has favored breeds with enhanced heat tolerance, particularly in tropical and
subtropical regions, where they also demonstrate superior growth and reproductive capabilities
under challenging environmental conditions marked by inadequate nutrition and heightened
disease and parasite pressure (Henry et al., 2018; Joy et al., 2020; Vetter et al., 2020). Certain
livestock breeds, even within the same species, show varying degrees of resilience to heat stress
due to genetic differences (Gantner et al., 2017). However, with ongoing climate change,
producers in heat-stress-prone areas may need to reassess the breeds and genetic compositions

they rely on. Research into the susceptibility of dairy and beef cattle, particularly the Bos
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indicus and Bos taurus breeds, to heat stress reveals that dairy cows are more vulnerable than
beef cattle, and temperate Bos taurus breeds are more susceptible than tropical Bos indicus

cattle (Nyamushamba et al., 2017; Polsky and von Keyserlingk, 2017).

Boettcher et al. (2015) suggest that genetic changes in livestock will play a critical role in their
adaptation to climate change, with traits such as resilience to extreme climatic conditions and
the ability to thrive on low-quality diets becoming increasingly important in harsh
environments. However, the genetic diversity of indigenous breeds is being eroded due to
indiscriminate crossbreeding and institutional policies that favor high-producing exotic breeds
in smallholder farming systems (Nyamushamba et al., 2017; Wanjala et al., 2023). This loss of
genetic diversity presents a significant challenge for livestock adaptation to changing
environmental conditions. Conservation efforts for indigenous breeds are crucial for
maintaining genetic diversity, which is essential for species' adaptation to emerging disease
threats and shifting ecological conditions (Molotsi et al., 2019). Moreover, maintaining genetic
diversity aligns with international commitments, such as Sustainable Development Goal 2.5,
which emphasizes the importance of genetic diversity in domesticated plants and animals
(Wanjala et al., 2023). Therefore, cluster underscores the importance of genetic diversity, breed
selection, and conservation efforts in developing livestock that can withstand the challenges
posed by climate change. The resilience of livestock populations depends not only on genetic
adaptation but also on the preservation of indigenous breeds-that offer valuable traits for

adapting to a rapidly changing environment.

2.4.2.2 Livelihood resilience in pastoral and smallholder farming under climate change

The co-occurrence network highlights the interconnectedness of key themes such as climate
change, adaptation, and livestock, signaling a significant body of research on the impact of
climate change on livestock production and the necessary adaptation strategies. Several studies
emphasize the importance of practical, multi-dimensional adaptation strategies to mitigate the
harmful effects of climate change. For instance, Henry et al. (2018) argues that because climate
change impacts are complex and multifaceted, adaptation strategies must encompass a variety
of approaches to protect ruminant production systems. Similarly, Zhang et al. (2017) stresses

the importance of modifying land use and feeding practices as part of the adaptation process.

Sejian et al. (2015) expand on this by advocating for both adaptation and mitigation strategies,

such as developing breeds that are less sensitive to climate fluctuations and integrating modern
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technologies to enhance livestock resilience. Additionally, Seo and Mendelsohn (2008) provide
an example from African livestock management, where farmers are transitioning to more heat-
tolerant species as a direct response to climate change. Taruvinga et al. (2013) further reinforce
this point, highlighting the adaptive strategies of rural South African farmers, who adjust their
livestock combinations as a coping mechanism for climate variability. Collectively, these
studies emphasize the need for diverse, proactive adaptation strategies to address the challenges

posed by climate change.

The literature also extensively examines the vulnerability of pastoralists and smallholder
livestock farmers, focusing on critical issues such as food security, climate change perceptions,
and adaptive capacity. Research has identified that these groups face significant challenges,
including water and fodder scarcity, increased heat stress, and biodiversity loss (Faisal et al.,
2021; Wakayo and Dedefo, 2019). To address these challenges, farmers have developed a range
of coping strategies, including livestock migration, integrating crop and livestock production,
destocking, splitting herds, and utilizing forest products as food sources (Belay et al., 2017,
Kgosikoma et al., 2018; Silvestri et al., 2012; Wakayo and Dedefo, 2019). However, Karimi et
al. (2018) notes that herder families in southwest Iran struggle to adapt despite employing
traditional strategies, due to the low adaptability of their livestock. Likewise, Bewket (2012)
reports that smallholder farmers in Ethiopia's central highlands are increasingly aware of the

negative impacts of rising temperatures andidecreasing rainfall'on agriculture and livelihoods.

Despite the development of various adaptation strategies, challenges remain. Limited access to
resources, education, and institutional support often undermine the effectiveness of these
strategies (Silvestri et al., 2012; Tessema, 2019). Nonetheless, there is strong awareness of
climate change impacts within these communities, coupled with a notable willingness to adapt
(Abdou et al., 2022),. This underscores the need for targeted policy interventions and support
mechanisms to enhance the resilience of livestock farming communities (Belay et al., 2017;
Kgosikoma et al., 2018). Riché et al. (2009) highlight the crucial role of NGOs, donors, and
governments in strengthening the adaptive capacity of pastoralists, particularly in Ethiopia’s
Borana region and Somalia. Overall, these studies underscore the urgent need for tailored
support to help vulnerable communities effectively address the challenges posed by climate

change.
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2.4.2.3 Indigenous knowledge for climate resilience in African pastoralism

This cluster highlights the crucial role of indigenous knowledge in enhancing climate resilience
among African pastoralists. Pastoral communities, particularly in regions like Ethiopia, rely on
traditional knowledge to select livestock breeds with traits such as heat tolerance, drought
resistance, and disease resilience, ensuring their adaptability to evolving climate stressors.
Effective rangeland management, informed by indigenous knowledge, is essential for

sustaining livestock production under changing climatic conditions.

Indigenous knowledge encompasses weather prediction, climate risk assessment, and
adaptation strategies, offering valuable insights to enhance climate change responses (Filho et
al., 2023). It provides practical coping mechanisms and informs adaptation options for
managing rangelands (Ahmed and Bihi, 2019; Oba, 2012). However, the socially constructed
nature of indigenous knowledge may sometimes conflict with scientific perspectives. Despite
this, integrating indigenous and scientific knowledge is crucial for developing participatory
and cost-effective climate adaptation strategies (Ajani et al., 2013; Makondo and Thomas,
2018). Scholars advocate for incorporating indigenous knowledge into climate policies to
enhance the sustainability of rangeland management and the resilience of pastoral communities
(Etchart, 2017; Kasali, 2011; Makondo and Thomas, 2018). The integration of traditional
knowledge with modern approaches offers.a comprehensive framework for addressing climate

challenges in pastoral systems.

2.4.2.4 Interdisciplinary adaptation mechanisms in agroecosystems

The concept cluster sheds light on the emerging interdisciplinary approach, where plant
adaptation mechanisms, such as energy absorption and environmental response, are
conceptually linked to livestock phenotypic plasticity in the context of climate change
adaptation. Phenotypic plasticity, defined as the ability of an organism to alter its phenotype in
response to environmental factors (Rovelli et al., 2020), plays a critical role in both plant and
livestock systems as they adapt to climate stressors. This intersection suggests a broader
understanding of resilience across ecosystems, where the selection of traits like heat tolerance,
water-use efficiency, and disease resistance in livestock parallels the adaptive processes in
plants (Ramirez-Valiente et al., 2015; Roulin, 2014). The comparison emphasizes the

interconnectedness of agricultural systems, reinforcing the need for an integrated approach to
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climate change adaptation that accounts for both plant and animal responses. Additionally, the
inclusion of plant-related terms in livestock adaptation research reflects a growing recognition
of interdisciplinary studies, expanding the scope of climate change adaptation strategies in

agroecosystems.

2.4.2.5 Integrated agroecosystems for sustainable livestock adaptation

Agroforestry, as a sustainable land-use system integrating trees, crops, and livestock, offers
critical strategies for climate change adaptation in livestock systems. It provides environmental
benefits like carbon sequestration, biodiversity conservation, and microclimate regulation
while supporting livestock through shade, diversified feed, and stable water supplies (Amrutha
et al., 2023; Bogale and Bekele, 2023; Dawson et al., 2014; Seneviratne et al., 2015). The
interconnectedness of livestock and crop systems underscores the importance of multi-faceted
approaches, where agroforestry enhances resilience and reduces vulnerability to climate
stressors. However, further research Is needed to fully realize its potential in supporting

diversified and sustainable agricultural practices inthe livestock sector (Dawson et al., 2014).

2.4.3 Research gaps in livestock adaptation to climate change

Future research on livestock adaptation to‘climate ‘change should address several critical areas
to improve the resilience of livestock systems. One of the foremost priorities is the mitigation
of methane emissions, which has emerged as a significant environmental concern. Despite
growing recognition of its climate impact, methane's full environmental consequences remain
underexplored. Future studies should investigate genetic selection for lower methane-emitting
animals and explore sustainable feed additives. Furthermore, research is needed on strategies
that can reduce methane emissions without compromising livestock productivity, a key

challenge that has yet to be sufficiently addressed.

Another promising area for future exploration involves the role of pigments and photosynthesis
in enhancing livestock resilience. These biological mechanisms offer potential avenues for
improving livestock adaptation to climate change, yet our understanding of their precise
contribution remains limited. Future studies should focus on elucidating how these processes
can be leveraged for climate adaptation, and how they may inform new breeding strategies

aimed at enhancing resilience across diverse livestock species.
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In addition, genetic diversity plays a central role in ensuring long-term adaptability to climate
change. While much research has focused on preserving genetic diversity, future studies should
explore the integration of genetic traits with physiological mechanisms, such as phenotypic
plasticity, to improve climate resilience. This integrated approach could inform more precise
breeding programs tailored to enhance the adaptive capacity of livestock. While genetic traits
have received considerable attention, the role of physiological mechanisms in adaptation
remains underexplored, leaving a significant gap in understanding. Moreover, future research
should focus on how to maintain genetic diversity in marginalized or endangered breeds, which

may hold valuable adaptive traits for climate resilience.

Heat stress remains a dominant concern in livestock adaptation research. However, studies
should be expanded to include a broader range of climate challenges, such as drought, cold
stress, and disease outbreaks, to assess the full scope of livestock vulnerability. While much of
the research has centered on cattle and sheep, species such as pigs and poultry, which may have
unique vulnerabilities and adaptation mechanisms, have been largely neglected. Targeted
research on these species is crucial to understanding their specific responses to various climate

stressors and developing tailored adaptation strategies.

Incorporating livestock adaptation strategies into broader climate change adaptation
frameworks is another critical direction:far future research.;-lt is essential to explore how
livestock systems can contribute to‘agricultural ‘resitience and integrate with broader climate
change mitigation efforts. A key research gap lies in understanding how livestock adaptation
intersects with ecosystem health, including the management of pasture health, biodiversity, and
water resources. These areas remain insufficiently addressed, and future studies should
investigate how livestock systems interact with these broader ecosystem dynamics to promote

both climate resilience and environmental sustainability.

The integration of indigenous knowledge into livestock adaptation strategies represents another
underexplored area. Indigenous knowledge, particularly in pastoralist systems, offers valuable
insights into climate adaptation that could complement modern scientific approaches. Future
research should explore how this traditional ecological knowledge can be integrated into
contemporary livestock management practices, improving climate resilience in pastoralist
communities. By bridging the gap between traditional knowledge and modern science,
researchers can develop more contextually appropriate and culturally sensitive adaptation

strategies.
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Research into agroecosystem integration is also crucial for enhancing climate resilience.
Practices such as agroforestry and sustainable livestock management offer synergistic benefits
but remain under-researched in the context of livestock adaptation. Future studies should
examine how integrated agroecosystems can enhance both livestock resilience and broader
environmental sustainability. Understanding how these integrated practices can be adapted to
changing climatic conditions will be essential for promoting long-term ecological health and

livestock system resilience.

Finally, addressing the complex challenges of livestock adaptation to climate change requires
an interdisciplinary approach. The intersection of animal science, environmental science, and
social science offers a comprehensive framework for understanding livestock resilience in a
climate-impacted world. Future research should prioritize interdisciplinary studies that
examine the socio-economic implications of livestock adaptation, particularly in marginalized
communities. Understanding the roles of gender, food security, and socio-cultural factors will
be critical for developing inclusive and equitable adaptation strategies that address the diverse
needs of smallholder farmers and pastoralist systems.

2.5 Conclusion

The study concludes that livestock-adaptation research-has evolved significantly over the past
three decades, with increasing scientific output and contributions from key countries, authors,
and journals. Initially, research focused on understanding physiological mechanisms,
thermoregulation, and phenotypic plasticity that enabled livestock, especially cattle and pigs,
to cope with heat stress and extreme temperature fluctuations. More recently, the emphasis has
shifted to genetic adaptation, genomic tools, and sustainable management practices, though
adaptation efforts continue to be directed at addressing the challenge of heat stress. The study
highlights key research areas, including genetic adaptation for heat resilience, livelihood
resilience strategies, integration of indigenous knowledge, interdisciplinary approaches linking
plant and livestock adaptation, and integrated agroecosystems such as agroforestry. These
findings underscore the importance of a comprehensive, multi-dimensional approach to

enhancing livestock resilience to climate change.
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CHAPTER 3: FARMERS' PERCEPTION OF CLIMATE VARIABILITY
AND LIVESTOCK ADAPTABILITY IN THE EASTERN CAPE
PROVINCE, SOUTH AFRICA

Abstract

This chapter aimed to assess livestock farmers' perceptions of climate change and the
variability and adaptability of livestock species. The study employed a cross-sectional
approach using a multi-stage sampling method, surveying 600 smallholder farmers, of whom
495 were engaged in livestock production. Data was collected using a structured questionnaire
to assess livestock farmers' perceptions of temperature shifts, fluctuations in average rainfall,
and rainfall variability, as well as their perceptions on the adaptability of different livestock
species to climate change. The South African weather services provided meteorological records
from 1980 to 2020 to compare these perceptions. The analysis involved descriptive statistics,
trend analysis, and weighted ranked indices. Results reveal that most farmers reported changes
in diverse climatic parameters during the two decades preceding the survey. These changes
encompassed rising temperatures (reported by 78% of respondents), diminished precipitation
(77%), a late start to the rainy season (62%), a shorter duration of the rainy season (67%),
inadequate precipitation (61%);.an.increase. in-thercount ofihot days per year (74%), elevated
summer temperatures (80%), and milder/winters:«(61%): These perceptions aligned with
meteorological data showing upward temperature trends and decreased rainfall. All farmers
experienced drought: 80% reported reduced water levels, and 57% faced floods in the same
period. Farmers strongly associate climate variability with feed shortages and water scarcity.
Farmers perceived goats, indigenous chickens, and sheep as more resilient to managing
stressors like heat, water scarcity, and feed shortages than cattle and pigs. The findings suggest
promoting the rearing of goats, indigenous chickens, and sheep among smallholder farmers as
part of sustainable adaptation measures to mitigate climate change impacts on livestock

production in the Eastern Cape Province.

Keywords: perception, climate variability, livestock adaptability, Eastern Cape Province
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3.1 Introduction

According to Bogale and Erena (2022), the impact of climate change and variability on
smallholder livestock production has attracted attention on a global scale due to its significant
implications for societal welfare and economic progress. This phenomenon is characterized by
prolonged weather patterns and environmental changes over extended periods (Masson-
Delmotte et al., 2021), manifesting through rising temperatures, irregular rainfall, floods, and
droughts (Bogale and Erena, 2022). Empirical evidence underscores its substantial effects on
the livelihood security of smallholder farming communities, rendering them more vulnerable
(Maluleke and Mokwena, 2017; Kalele et al., 2021).

In this context, the Eastern Cape Province in South Africa stands out due to its diverse climate
and numerous smallholder livestock operations (Graw et al., 2017; Goni et al., 2018),
emblematic of these challenges. Farmers in this province confront evident changes in weather
patterns, unpredictable rainfall, and rising temperatures, disrupting conventional farming
practices (Muller and Shackleton, 2014; Popoola‘et al., 2019). This intricate relationship
between climate change and livestock farming presents a multifaceted challenge, necessitating
a comprehensive understanding of how farmers perceive, adapt to, and strategize in response
to these environmental shifts.

While owning livestock is argued t0,enhance households; resilience to climate shocks (Acosta
et al., 2021; Phiri et al., 2021), variations among livestock species in their tolerance to
environmental stress offer opportunities to select better-adapted species (Speranza, 2010).
Studies such as those by Nesamvuni et al. (2012) and Vetter et al. (2020) in South Africa
indicate the potential vulnerability of cattle to climate stress, prompting farmers to reconsider
their livestock choices. Climate change has led to a noticeable shift in livestock species
preference in East Africa, as demonstrated by studies conducted in Ethiopia, Kenya, Burkina
Faso, and Zimbabwe in Southern Africa (Boru et al., 2014; Megersa et al., 2014; Kagunyu and
Wanjohi, 2014; Opiyo et al., 2015; Watson et al., 2016; Wako et al., 2017; Cuni-Sanchez et
al., 2018; Volpato and King, 2019; Zampaligreé et al., 2014; Phiri et al., 2021). These studies
demonstrate that livestock farmers prefer species tolerant of climate conditions as climate risks
grow. While existing studies have examined farmers' livestock preferences in response to
climate change in East Africa and certain Southern African countries, additional research

explicitly focusing on South Africa is needed. This emphasis on South African content will
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contribute valuable insights into how farmers in the region are adapting their livestock

management practices to address the challenges of climate change.

In climate change perception studies, the perception of climate change within smallholder
livestock farming captures how these farmers interpret and internalize alterations in weather
patterns and environmental conditions. It encompasses their comprehension,
acknowledgement, and response to the effects of climate change on their animals, land, and
overall livelihoods (Silvestri et al., 2012; Zampaligré et al., 2014; Popoola et al., 2019; Yang
et al., 2021; Abazinab et al., 2022). Existing research on farmers' responses to climate change
underscores a pivotal aspect: that perception of climate change is a fundamental initial step
toward adaptation (Silvestri et al., 2012; Ayal and Leal Filho, 2017; Fierros-Gonzélez and
Lopez-Feldman, 2021; Abazinab et al., 2022). Fierros-Gonzélez and Lopez-Feldman (2021)
emphasize that it is upon farmers to assign enough weight to these perceptions to take action
to respond to the impacts. It is, therefore, essential to acknowledge and understand farmers'
perceptions as a cornerstone in devising effective and contextually relevant adaptation

strategies.

Although many studies have examined farmers’views of climate change, it is increasingly
important to match these beliefs with actual climate data. According to Abazinab et al. (2022),
farmers' perception of climate change is crucial but tends to be individualized and distinctive
to their locality, influenced by multiple’factors. Hence, it'is imperative to compare farmers'
views of climate change with tangible meteorological data in order to precisely evaluate real
fluctuations in rainfall and temperature. In addition, Although the awareness of climate
change's influence on livestock farming, especially in Africa, is growing, there is a significant
lack of understanding of farmers' views on the adaptation of livestock species, primarily in the
Eastern Cape Province of South Africa. This study aims to fill this knowledge gap by
examining the perspectives of smallholder livestock farmers in the Eastern Cape Province, on
climate unpredictability, comparing them with historical climate trends and the ability of
livestock to adapt. The chapter aims explicitly to address the following questions: (1) How do
smallholder livestock farmers perceive climate change and variability? (2) Do livestock
farmers' perceptions of climate change align with the historical climate data trends observed in
the study area? (3) What are farmers' perceptions of livestock species' adaptability to climate

change?
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This chapter proceed with an extensive literature review to establish a theoretical and
conceptual framework for the study. Following this, the research methods are described. The
study results are then presented and discussed in relation to the research questions and existing
literature. A summary of the chapter highlights the key findings and their implications. Finally,

the chapter concludes and provides recommendations based on the study findings.

3.2 Literature Review

3.2.1 Farmers' perception of climate change and variability and adaptive
responses

Several studies have elucidated the distinction between climate change and variability,
emphasizing the specific timeframes associated with these phenomena (Stone, 2014; Lieber et
al., 2022). Yang et al. (2021) have suggested that farmers' responses vary depending on whether
they are confronted with short-term weather shocksor long-term climate change. Additionally,
Ayal and Leal Filho (2017) have highlighted the discrepancy in observations between scientists
and farmers, emphasizing how their unique perspectives influence their perceptions of climatic
shifts. This difference in perspective, as noted by Ayal (2014), can lead to situations where

scientific assertions align with farmers' perceptions while diverging from others.

Numerous empirical studies (Silvestri et al., 2012; Zampaligré et al., 2014; Muller and
Shackleton, 2014; Berhanu and Beyene, 2015; Kimaro et al., 2018; Sharif et al., 2019; Ngute
et al., 2020; Yang et al., 2021; Van Zuydam et al., 2023) have explored the perceptions of
livestock farmers regarding climate change and variability. These studies reveal a consensus
among farmers regarding alterations in weather patterns, increased temperatures, erratic
rainfall, and extreme weather events. However, perceptions vary based on geographical
locations, local climates, and individual experiences, with attributions ranging from natural

variability to anthropogenic contributions.

The impact of climate change on livestock productivity includes direct effects on animals'
adaptive responses, disease prevalence, heat stress, and indirect consequences on feed
availability and forage quality (Bekele, 2017; Cheng et al., 2022; Sejian et al., 2022). Farmer
perceptions align with these impacts, primarily emphasizing the availability of feed sources for
livestock (Silvestri et al., 2012; Zampaligre et al., 2014; Abazinab et al., 2022). Moreover,
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socioeconomic factors such as education, access to information, and experiences significantly
shape farmers' perceptions (Silvestri et al., 2012; Rakgase and Norris, 2015; Opiyo et al., 2016;
Idrissou et al., 2020; Mairura et al., 2021). Farmers with higher education or access to extension
services tend to comprehend climate change and adopt adaptive strategies; however,
psychological and socioeconomic differences can also limit farmers' responses to climate
change (Ayal and Leal Filho, 2017).

In response to perceived climate variability, livestock farmers employ various adaptive
measures, including herd composition alterations, breed adjustments, feeding practice
modifications, grazing pattern changes, water conservation techniques, and livelihood
diversification (Silvestri et al., 2012; Zampaligré et al., 2014; Abazinab et al., 2022). Despite
these efforts, challenges such as financial constraints, limited resources, inadequate
infrastructure, and technological support hinder the adoption of more sophisticated adaptation
strategies (Silvestri et al., 2012; Muller and Shackleton, 2014; Abazinab et al., 2022).

This review underscores the importance of halistic approaches that account for farmers'
perceptions and experiences while addressing barriers to effective climate adaptation strategies
in the livestock farming sector. Further research focusing on context-specific perceptions and
evaluating the efficacy of various adaptation measures is crucial for developing more tailored
interventions in agricultural practices. Given the evolving nature of climate change and its
impacts, it is essential to provide updated insights into farmers' perceptions and adaptive
responses, contributing to enhanced strategies to support livestock farming in the face of
changing climatic conditions.

3.2.2 Conceptual framework

Drawing from the literature, the current study conceptual framework is presented in Figure 3.1.
This framework centres on the pivotal aspects of livestock farmers' perceptions regarding
climate change and variability and their evaluation of livestock species adaptability in response
to these changing climatic conditions. This framework delineates the interconnected elements
that shape farmers' decision-making processes regarding selecting livestock species as an

adaptation strategy.
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Figure 3. 1:Conceptual Framework for the perception of livestock adaptability

Source: Adapted and modified from Jha-and:Gupta (2021)

At its core, the framework encapsulates two primary components: the perception of climate
change and variability and the livestock species' adaptability assessment. Both long-term
alterations influence farmers' perceptions of climate change in average rainfall and temperature
and short-term occurrences of extreme climate events, such as droughts and floods. These
perceptions are multifaceted, intricately woven from personal experiences and external climate
information sources. Moreover, they encompass an evaluation of the risk, severity, and impacts

of climate change/variability on their agricultural practices.

Parallelly, farmers assess the adaptability of various livestock species in the context of
changing climatic conditions. This assessment is characterized by carefully examining specific
traits exhibited by livestock species. These traits include reproductive capabilities under harsh
climatic circumstances, water and feed scarcity tolerance, and resilience against heat stress,
floods, parasites, and diseases. Farmers rely on these perceived adaptability traits as
fundamental criteria in considering the selection of particular livestock species in response to

the observed changes in the climate.
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3.3 Materials and Methods

3.3.1 Sampling procedure

The sample methodology employed in this chapter adhered to the multi-stage technique
elucidated in Chapter 1. The sample size is 600 smallholder farmers, which included 495
livestock farmers. To be concise, the specific information is omitted in this section but may be
found in Chapter 1.

3.3.2 Estimation procedure

Descriptive statistics, such as frequencies and percentages, were employed to analyze data on
livestock farmers' perceptions of climate change and variability. Tables and graphs were used

to visualize the results.

> Trend analysis
Trend analysis was employed to evaluate the fluctuations in temperature and rainfall between
1980 and 2020. The method utilized simple linear regression, which estimates the relationship
between a single independent variable (quantitative) and a dependent variable via a straight-

line equation (Eqgn 3.1).

Y=aX+p [Eqn. 3.1]

Y represents the dependent variable (precipitation or temperature), while X represents the
independent variable (years), with « denoting the slope of the regression line and g indicating

a constant value.

> Weighted ranked indices

In addition, drawing upon previous scholarly works (Roessler, 2019; Tyasi et al., 2022) about
livestock selection and preferences, the present study employs a weighted ranked indices
methodology to evaluate farmers' assessments of livestock species adaptability based on
specific traits exhibited by livestock species. The study considers five livestock species (cattle,
goats, sheep, pigs and chicken) common in the study area (Taruvinga et al., 2022). It assesses
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them against six significant adaptive traits for adapting to changing environmental conditions
within the study area. The calculation of indices enables the ranking of adaptive trait

preferences is presented in Eqn 3.2:

—TSn
Index= TSy [Egn 3.2]
Where;
TSy =Y (fi1 X likert scale score weight) [Egn 3.3]
TSat = Z (T'Stl + ... TStn) [Eqn 3.4]

Where: TS refers to the total score; f;; signifies the frequency of each Likert scale score
(number of respondents) and the corresponding Likert scale score weight, denoted by strongly
disagree (1), disagree (2), neutral (3), agree (4) and strongly agree (5). The traits are presented
as t1 and tn. To illustrate, let us consider two adaptive traits: “tolerance to feed shortage” and
"tolerance to floods." The farmers were prompted to agree with statements such as "goats are
tolerant to feed shortage™ and "goats are tolerant to floods."” The total score for perceiving goats
as tolerant of feeding shortage can be calculatedas follows: (30x1) + (40x2) + (20x3) + (100x4)
+ (200x5) = 1570 (T'S;1). Similarly, the total score for perceiving goats as tolerant to floods
can be computed as (100x1) +(200x2) + (0x3)+ (70x4) + (20x5) = 880 (T'S;,). Consequently,
the total score for all traits, T'S,; at amounts to 2450. The index for goats' tolerance to feed
shortage is 1570/2450 = 0.64, while the index for goats' tolerance to floods is 880/2450 = 0.36.
As a result, goats are ranked as more tolerant to feed shortage compared to floods.

3.4 Results and discussions

3.4.1 The characteristics of the farming households

Table 3.1 presents summary statistics of continuous variables characteristics, while the
descriptive statistics of categorical socio-demographic characteristics of the surveyed
smallholder farmers are presented in Table 3.2. These results compare the sample of 600
participants and the subgroup of livestock owners (n=495) and non-livestock owners (n=105).
The differences between the groups were assessed using t-tests for continuous variables and

the Chi-square test for the categorical variables.
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3.4.1.1 Socio-demographic household characteristics

The results indicate that the average smallholder farmer in the study area is approximately 57
years old, with relatively low education levels, averaging around eight years of schooling.
These farmers have an average household size of nearly six members, with around 1.5
dependants. Non-livestock owners tend to have larger households and more dependants than
livestock owners. Many farmers, approximately 59%, were females in both the livestock and
non-livestock categories. Marital status showed that around 69% of farmers were married, with
a slightly higher proportion of married individuals among non-livestock owners (73.33%).
Regarding religion, Christians constituted the largest group, accounting for 60.33% of the total
sample, followed by traditionalists at 37%. Muslims represented a smaller proportion,

comprising only 2.67% of the farmers.

The findings show no statistical difference in the average age of livestock and non-livestock
owners. Nonetheless, the average age of the farm‘household head suggests the presence of
older farmers. The older age of farm household heads indicates the influence of traditional
knowledge on livestock choices in response to climate change. Their agricultural production
experience, particularly managing livestock in'varying conditions, may lead them to prioritize
more resilient species like goats and‘indigenous livestock breeds. These results are consistent
with Isaac and Ogujiuba 's (2022) observation that livestock farmers tend to be elderly in South
Africa. Therefore, the household head's age is expected to positively influence their livestock
choice decisions in response to climate change.

Non-livestock owners have a significantly higher mean education level (9.82 years) than
livestock owners (7.7 years). This finding suggests that education may play a crucial role in
shaping individuals' choices regarding livestock ownership in the face of climate variability.
Studies have shown that higher levels of schooling enhance farmers' ability to perceive climate
change, increase their adaptive capacity, and improve the likelihood of responding to climate
variability (Opiyo et al., 2015; Belay et al., 2017). Therefore, the low education level among
livestock keepers is expected to negatively influence farmers' livestock ownership and choices
in response to climate change. This is because higher levels of education may provide
individuals with alternative income-generating opportunities or a different perspective on

agricultural practices, leading them to opt for non-livestock activities (Kabubo-Mariara, 2008).
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Table 3. 1: Summary statistics of continuous variables/ characteristics of the farm
households

Pool (n=600) Livestock Non-livestock Difference
owners(n=495) (n=105) (T-test)
Variable Mean (St. Err.) Mean (St. Err.) Mean (St. Err.)
Age (years) 56.6 (0.49) 56.80(0.54) 55.68(1.12) 1.12(1.2)
Education (years) 8.11(0.22) 7.7(0.24) 9.82(0.43) 2.09(0.57)***
Household size 5.88(0.08) 5.73(0.09) 6.58(0.23) 0.85(0.22)***
dependants (number) 1.48(0.04) 1.43(0.05) 1.7(1.12) 0.27(0.09)**
Dependency ratio 0.25(0.01) 0.24(0.08) 0.25(0.01) 0.01(0.02)
Distance to market 8.79(0.21) 8.2(0.23) 11.4(0.51) 3.15(0.55)***
(Km)
Income  contributors 1.25(0.04) 0.98(0.03) 2.47(0.16) 1.49(0.09)***
(number)
Farm size (ha) 1.30(0.05) 1:3(0.05) 1.2(0.11) 0.04(0.13)
Family labour (number)  1.5(0.3) 1.4(0.02) 1.70(0.08) 0.26(0.07)***
Farming experience 13.72(0.29) 13.96(0:32) 12.6(0.69) 1.36(0.76)*
(years)
Household income 28868.33 25469.49 44891.43 19421.93
(Rands) (1073.11) (801,22 (4531.32) (2712.71)***
Income diversification  1.67(0.04) 1.43 (0.09) 1.72(0.04) 0.29 (0.09)***
Farm income (Rands) 3815.93(266.70) 4613.25(311.73)  57.14 (14.75) -4556.11
(677.32) ***

Temperature (0C) 17.75(0.04) 17.81(0.05) 17.49 (0.10) -0.32 (0.11)***
Precipitation (mm) 1284 (4.75) 1284.66(5.21) 1282.51(11.71) -2.15 (12.53)

Note: *** ** * denote significance at 1%, 5%, 10% respectively. Source: Author’s

compilation, household survey (2021)
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Consequently, targeted educational programs and knowledge dissemination initiatives may be
warranted to enhance livestock-related skills and awareness among potential livestock owners.
Furthermore, smallholder livestock farmers' limited access to formal education opportunities
underscores the importance of alternative knowledge dissemination methods. Capacity-
building programs that consider the farmers' educational background and learning needs can

effectively promote knowledge sharing and skill development.

Household dynamics emerge as a differentiating factor between the two groups. Non-livestock
owners had larger household sizes (approximately seven) and a slightly higher number of
dependents (approximately two dependents) compared to livestock owners, with about six
household members and at least one dependent. In addition, livestock owners mainly live-in
formal house structures or concrete block structure, while non-livestock owners occupy house
structures made of traditional material. The adaptive responses at the household level primarily
rely on the household size, as it dictates the practicality of adopting a specific strategy (Jha and
Gupta, 2021). In this case, the ability to select livestock species in response to climate change,
especially those requiring more labour or resources, may be constrained by household size and
the number of dependents. On the other hand; non-livestock owners may face additional
familial responsibilities and obligations that influence their decision not to engage in livestock
farming in response to climate change. The'need to allocate time and resources to other familial
and income-generating activities; might; limit, their, capacity,-to invest in livestock-related

endeavours.

The dominant presence of married farmers (69%) and the substantial representation of females
(59%) among the surveyed population indicate women's pivotal role in livestock production.
Understanding the disparities in livestock ownership between genders can inform gender-
responsive strategies and policies to promote equal access and opportunities in the farming
sector (FAO, 2013). Recognizing female farmers' contributions and specific needs and
developing strategies to improve livestock production by addressing gender disparities and
providing support tailored to women's unique circumstances, interventions can unlock the full
potential of female farmers in driving sustainable agricultural development (Njuki et al., 2013).
Interestingly, religion is significantly associated with Livestock/Non-Livestock categories,
specifically for Traditionalists. This finding implies that traditionalists are likelier to engage in
livestock-related activities than others. This highlights the significance of understanding
cultural and religious contexts when designing interventions (Mayala et al., 2019). Religious

beliefs can influence attitudes, practices, and decision-making processes related to agriculture.
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Integrating local spiritual beliefs and practices into agricultural interventions can foster greater
acceptance and adoption of new approaches, leading to more effective outcomes. The results
reveal a significant difference between livestock and non-livestock farming households in
terms of the consumption of animal-sourced food, with livestock producers consuming more
animal-sourced food than non-livestock producers. More details on household food

consumption are presented later in Chapter 7.

3.4.1.2 Household economic characteristics

The results further show a high prevalence of off-farm unemployment in the study area, with
only 18% of smallholder farmers employed, and most employed farmers were non-livestock
farmers (20.95%). This signals the pressing need to address challenges related to income
generation and livelihood opportunities in the farming population, especially in livestock
farming households. This finding emphasizes the importance of targeted interventions that
promote employment and income-generating activities within the agricultural sector. Non-
livestock owners exhibited a significantly highersmean number of income contributors (2.47)
than livestock owners (0.98). This is supported by the level of income diversification among
the two groups, with non-livestock farmers having approximately two sources of income. In

contrast, livestock farmers have one income’source.

These findings suggest that non-livestock owners rely on diversified income sources beyond
farming. Multiple income streams may alleviate the financial risks associated with solely
depending on agriculture and provide more excellent stability and security (Sharaunga and
Mudhara, 2021; Tafesse, 2023). On the other hand, the average contribution of only one
household member to income generation and the limited income streams for livestock owners
suggest that the livestock farm household is likely to face financial constraints and could be
struggling to meet the needs of its members. This can also be demonstrated by the differences
in household income and farm income between livestock and non-livestock farmers (more
discussion on household income in Chapter 7). The results suggest the need for interventions
promoting income diversification in households with livestock. Therefore, interventions
supporting farmers should focus on enhancing income-generating opportunities, encouraging

income diversification, and facilitating access to alternative sources of livelihood.
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3.4.1.3 Farming and environmental characteristics

Regarding farming and environmental characteristics, non-livestock owners have a
significantly higher mean number of family labourers (1.70) than livestock owners (1.4). The
higher mean number of family labourers among non-livestock owners signifies a potential
disparity in labour allocation between the two groups. This finding implies that non-livestock
activities may require more labour or offer better income prospects than livestock farming. It
underscores the need to recognize and address the labour dynamics and demands associated
with different agricultural practices. Efforts should be made to promote sustainable labour
utilization, improve labour productivity, and explore ways to enhance the profitability of
livestock farming to attract potential livestock owners.

Farm size is commonly viewed as an indicator of wealth and can have various beneficial and
detrimental effects on adaptive decision-making (Jha and Gupta, 2021). There is a minimal
difference in the mean farm size between livestock owners (1.3 ha) and non-livestock owners
(1.2 ha), but it is insignificant. The limited farm size may challenge these farmers (Autio et al.,
2021; Dhillon and Moncur, 2023); Livestock farmers may have less flexibility regarding land
and resources to select or diversify theirlivestock partfolioin response to climate change. Thus,
farm size is expected to influence livestock selection in response to climate change negatively.

Livestock owners have a slightly higher mean farming experience (13.96 years) than non-
livestock owners (12.6 years). The difference in mean farming experience between the two
groups is not statistically significant. The results suggest that smallholder farmers in the study
area have accumulated significant practical experience due to their long-term presence,
particularly regarding agricultural and livestock production risks and uncertainties. This
experience is likely a result of past challenges and disasters, highlighting the value of
experience as a teacher (Adeyonu et al., 2016). Thus, farmers' extensive experience may enable
them to adapt their livestock management practices more effectively in response to changing

environmental conditions.

The findings further reveal distinct perceptions between non-livestock farmers and livestock
producers regarding various aspects of agricultural operations. It is discerned that a significant
proportion of non-livestock farmers, constituting approximately 34.29%, consider livestock
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production to be inherently riskier. Moreover, a substantial majority (53.33%) of non-livestock
farmers view livestock production as costly compared to their agricultural pursuits. This
perception could influence their willingness to engage in livestock production to respond to
climate change. It may indicate a barrier to diversifying into livestock farming as a climate
adaptation strategy, as non-livestock farmers may perceive the risks and costs associated with

livestock farming as too high.

On the other hand, livestock farmers perceive the farm gate prices for their produce to be low,
indicating economic challenges specific to their sector. This perspective highlights smallholder
farmers' different economic considerations and challenges (Dhillon and Moncur, 2023). In
responding to climate change through livestock choice, this perception of low remuneration
may influence farmers' decisions regarding their options. Given their concerns about low farm
gate prices, they may be more inclined to consider alternative livestock species or breeds that

are more resilient to climate change and potentially offer better returns.

Furthermore, an exciting dimension emerges concerning climate-induced feed gaps, with
approximately 37% of livestock farm households identifying this as detrimentally affecting
their livestock production endeavours. This underscores the vulnerability of livestock farming
to climate-related fluctuations and the significance of addressing such challenges in sustaining
livestock production systems. However, the results also reveal that on average, these
households experience an annual average temperature of 17.75°C and total annual precipitation
of 1284mm. These outcomes underscore the intricate interplay of risk perception, cost
evaluation, economic remuneration, and climatic influence within livestock and non-livestock
agricultural practices. Such divergent perceptions and challenges provide a nuanced
understanding of the multifaceted nature of agricultural dynamics and serve as pivotal

considerations for policy formulation and resource allocation within the farming sector.
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Table 3. 2: The categorical (binary) characteristics of smallholder farm households in the
study area.

Pooled Livestock Non-livestock (n=105) Chi2

(n=600) (n=495)
Variables Freq % Freq % Freq %
Gender (F) 354 59 293 59.19 61 58.10 2.70*
Marital status (Married) | 416 69.33 339 68.48 77 73.33 0.96
Formal housing structure | 496 82.67 420 84.85 76 72.38 9.40***
Christian 362 60.33 292 58.99 70 66.67 2.13
Traditional 222 37.00 192 38.79 30 28.57 3.88**
Muslim 16 2.67 11 2.22 5 4.76 2.15
Employed 111 18,50 89 17.98 22 20.95 0.51
Extension Access 219 36.50 182 36.77 37 35.24 0.09
Credit 124 20.67 102 20.61 22 20.95 0.01
Farm group 179 29.83 171 34155 8 7.62 30.00***
Early warning inf 63 10.50 53 10.71 10 9.52 0.13
Indigenous climate info | 495 82.50 | 406 82.02 89 84.76 0.45
Drought relief 141 23.50" =134 27.07 7 6.67 20.06***
ASF consumption 336 56.00 295 59.60 41 39.05 14.84%**
Livestock costly 258 43.00> 11202 40.81 56 53.33 5.54**
livestock risker 157 2617 121 24.44 36 34.29 4.34**
Feed gap 182 36.77
Farm gate price 148 24.67 148 29.90 20 19.05 5.0597**

Note: all variables are binary. *** ** * represent significance at 1%, 5% and 10%

respectively. Source: Author’s compilation, household survey (2021).

3.4.1.4 Institutional characteristics

The results indicate that while smallholder farmers have relatively good access to indigenous
climate information (82.5%), which could inform their livestock choices in response to climate
change, there are significant gaps in access to other critical support services. The low levels of
access to credit (20.67%), government extension services (36.5%), farmers' associations

(29.83), drought relief support (23.5%), early warning climate information (10.5%), and long

64



distance to markets suggest that these farmers face barriers in adapting to climate change

through livestock choice.

Limited access to extension services could hinder their adoption of climate-smart agricultural
practices, including livestock management. The lack of credit access may prevent farmers from
investing in climate-resilient livestock breeds. Additionally, the limited presence of farmers in
farm groups suggests a lack of collective knowledge and resources for climate adaptation,
which could impact their livestock choices. The low availability of early warning information
may leave farmers less prepared for climate-related disasters, potentially limiting their ability

to select suitable livestock species and breeds.

Furthermore, despite the wealth of indigenous climate knowledge, the inability to access other
support services may impede farmers' ability to utilize this information in their livestock
choices effectively. The limited access to drought relief assistance may also hinder farmers'
ability to recover from climate-related losses and make informed decisions about their
livestock. The long distance to market further complicates the situation, as it may increase the
logistical challenges and costs associated with transporting livestock, potentially limiting the
types of livestock that farmers can feasibly, raise. These results support previous research
conducted by various scholars in Africa (Silvestrietal., 2012; Rakgase and Norris, 2015; Opiyo
et al., 2016; Idrissou et al., 2020; Mairura et al., 2021; Autio et al., 2021), indicating that
institutional factors may pose a challenge for smallholder farmers in adapting to the effects of
climate change and variability. Therefore, the limited access to these factors in the study area
presents barriers to smallholder farmers making adaptive livestock choices in response to
climate change. Addressing these limitations and improving access to essential support services
is crucial to enhancing the resilience of smallholder farmers and ensuring sustainable livestock

production in the face of climate change.

3.4.2 Farmer’s perception of climate change and variability

Table 3.3 presents livestock farmers’ perceptions of climate change and variability in the study
area. Results reveal that most farmers believe climate change is real (95%) and reported
changes in diverse climatic parameters during the two decades leading up to the survey. These
changes encompassed diminished precipitation (77%), delayed onset of the rainy season (62%),

shorter duration of the rainy season (67%) and insufficient rainfall (61%). Livestock farmers'
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observations of precipitation indicators changes can be attributed to the visibility of these
indicators, notably reflecting the general deterioration of rainfall in Africa (ldrissou et al.,
2020). These findings mirror those of Kimaro et al. (2018) in Tanzania, Raphola and Diko
Makia (2020) in Limpopo and Idrissou et al. (2020) in Benin.

Livestock farmers also perceived rising temperatures (reported by 78% of respondents), an
increase in the count of hot days per year (74%), elevated summer temperatures (80%), and
milder winters (61%). According to Idrissou et al. (2020), elevated temperatures prompt
animals to seek additional shade and water. This observed behaviour of animals by farmers
might contribute to their perception of temperature rise. Idrissou et al. (2020) also suggest that
since temperature is a direct sensation, farmers can readily observe its rise through warmer
daytime and night-time conditions. These findings validate the research conducted by multiple
authors in South Africa (Mandleni and Anim, 2011; Gandure et al., 2013; Muller and
Shackleton, 2014; Popoola et al., 2019; Raphola and Diko Makia, 2020). Overall, the results
indicate that smallholder livestock farmers are observant of the climate variability in their

location.

Table 3. 3: Smallholder farmers’ perceptions of rainfall and temperature changes in the past
20 years.

Livestock keepers: (n-='495)

Farmer’s perceptions Frequency %

Aware of climate change (climate change is real)
Yes 469 94.75
No 26 5.25

Rainfall Patterns

Increasing 87 17.58
Decreasing 382 77.17
No change 26 5.25

The onset of the rainy season

Early 36 7.27
Late 307 62.02
on time 48 9.70
irregular 104 21.01

Duration of rain
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No change

too short

I don’t know
Amount of rain

Too little

Enough

I don’t know
Temperature patterns
Increasing
Decreasing

No change

Hot days

Increasing

No change

I don’t know
Summer temperature
Warmer

No change

Cooler

Winter temperature
Warmer

No change

Colder

118
341
36

300
160
35

388
14
93

368
52
75

397
84
14

304
120
71

23.84
68.89
7.27

60.61
32.32
7.07

78.34
2.83
18.79

74.34
10.51
15.15

80.2
17
2.8

61.42
24.24
14.34

Source: Household survey (2021)

3.4.3 Comparing observed climate trends with farmers’ perception

Figure 3.2 and Figure 3.3 present the observed rainfall and temperatures from 1980 to 2020,

respectively. These are accompanied by Tables 3.4 and 3.5, which show the trend equations

for precipitation and temperature in various study sites respectively.
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Figure 3. 2:Rainfall trends between 1980 and 2020 in selected areas of the Eastern Cape

Source: Author’s compilation

Table 3. 4: Rainfall Trends lines equation

Local municipalities (study sites) Trend line equations
Ngquza Hill Local Municipality (IHLM) Y=-0.9252x+1040.1
Port St Johns Local Municipality (PSJLM) Y=-1.3221x+943.21
Mbashe Local Municipality (MLM) Y=-2.0101x+963.79
Amahlathi Local Municipality (ALM) Y=-1.3343x+813.2

Raymond Mhlaba Local Municipality (RMLM) Y=-0.8406x+686.86

The negative sign of the coefficient in the trend equation implies a decline, while a positive
sign would imply an increase in the climate parameter. The results show a decreasing trend in
rainfall over time in all the selected study areas. In addition, there was an apparent rainfall

variability across years, with other years having more rainfall while others had limited rain.
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Figure 3. 3: Temperature trends between 1980-2020 in selected areas of the Eastern Cape

Source: Authors compilation

While there was evident variation in rainfall between the study sites and across years, there
was no excellent temperature variation. Nonetheless, the results indicate an increasing trend in

temperature in all the surveyed livestock farmers-“locations.

Table 3. 5: Temperature trends line equations

Local municipalities (study sites) Trend line equations
Ngquza Hill Local Municipality (IHLM) Y=0.0237x-28.559
Port St Johns Local Municipality (PSJLM) Y=0.0234x-27.4

Raymond Mhlaba Local Municipality (RMLM) Y=0.0247x -31.606

Amahlathi Local Municipality (ALM) Y=0.0246x-31.919

Note: MLM'’s trend line equation is not presented because it is very closely the same as PSJLM,
and it wasn't easy to calculate the trend line equation for MLM.

Therefore, the results concur with farmers' perception, indicating a decline in rainfall and
increasing temperature over time. This convergence implies validating farmers' observations
against empirical climate data, emphasizing the accuracy of their perceptions regarding the
changing climate conditions. Additionally, it underscores the credibility of farmers'

experiential knowledge as a reliable source of information regarding climate variations, which
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can be instrumental in crafting effective adaptation strategies in response to these changes.
Various African authors reported similar findings (Rapholo and Diko Makia, 2020; Abazinab
etal., 2022; Van Zuydam et al., 2023).

3.4.4 Farmers’ experience of occurrences and severity of climate extreme

The literature suggests that experience and exposure influence farmers’ perception of climate
change and variability. Table 3.6 presents the climate phenomena that farmers and their
perceived severity experienced. The results show that all livestock smallholder farmers
indicated were exposed to drought, of which 44% perceived the effect of drought to have been
highly severe on livestock production. This suggests drought significantly threatens
smallholder livestock farming and seriously affects farmers’ livelihoods. These results mirror
the findings of studies in the Eastern Cape (Mandleni and Anim, 2011; Popoola et al., 2019),
indicating that most farmers experienced and were affected by drought in the province. During
the survey, most farmers cited the 2015-2019 drought in the province as devastatingly

impacting their livelihoods and farming practices.

Lower river and dam water levels were the :second most common climate phenomenon
experienced by farmers. This is most likely associated with the observed increasing
temperatures and, consequently, droughts that reduced water availability for both livestock
consumption and household welfare. Of the farmers who reported low water levels, about 38%
perceive low river/dam water levels to severely impact agricultural production and household
welfare. This highlights the importance of water availability for livestock farming and the need
for effective water management practices to cope with the effects of climate change. It also
highlights the need to adopt livestock species and breeds that are tolerant to limited water

availability.
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Table 3. 6: Climate phenomena experienced and perceived severity in the past 20 years

Livestock keepers The severity of the phenomena in percentage (%)

(n=495)

Phenomena frequency % Not severe atall ~ Slightly Average  Severe extremely severe
severe

Drought 495 100  15(3.03) 59(11.92)  70(14.14) 133(26.87) 218(44.04)

Floods 284 57.37 47(9.49) 268(54.14)  49(9.9) 110(22.22) 21(4.24)

Lower water level 398 80.4  96(19.39) 43(8.69) 76(15.35) 187(37.78) 93(18.79)

storm 142 28.69 85(59) 20(14) 11(8) 14(10) 12(9)

Note: only farmers who indicated to have experienced the climate phenomena were asked how
severe the effect on household welfare and livestock production. Percentage values in
parenthesis.

While most livestock farmers (57%) in the study area experienced floods, most (54%) reported
that these floods did not significantly impact livesteck production or household welfare. This
finding may be attributed to factors such asthe timing and duration of the floods, as well as the
location of the farms. Research indicates that floods in South Africa tend to be more severe in
coastal areas than inland regions (Ngarava et al., 2021; Mashao et al., 2023). Therefore, farmers
who perceived the floods as having a, minor impact may be situated in inland regions.
Additionally, Ngarava et al. (2021) found that in the Eastern Cape, agricultural and grazing
lands typically recovered vegetation within one to two weeks after flooding, suggesting that
farmers in the study may have experienced floods during a period when waters receded quickly,

thus minimizing the impact on their farms.

Very few smallholder farmers indicated that they had been exposed to and were affected by
storms, implying that storms were not a significant risk in smallholder livestock production, as
compared to drought, in the study area. The potential explanation could be due to farmers’
perception of risk. Smallholder farmers may perceive drought as a more significant livelihood
risk than storms. This could be due to past experiences with drought (Popoola et al., 2019;
Matlou et al., 2021). This suggests that farmers in the study area may not need to prioritize
storm preparedness measures compared to other climate hazards, such as drought and water

scarcity.
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3.4.5 Farmers perceived impacts of climate variability.

Livestock farmers reported on the perceived impact of climate variability on livestock

production and farmers’ welfare. The results are presented in Figure 3.4.

Human health

Food and nutrition security

Farm Income

livestock diseases

Poor livestock reproduction

Livestock death

Farmers perceptions

Water scarcity

vegetation, quantity and quality of livestock feeds

R ETEUENL

10 20 30 40 50 60

Number of farmers in percentages (%)

W strongly agree agree nuetral disagree M Strongly disagree

Figure 3. 4: Perceptions of the impact of climate variability on livestock production and farm
household welfare

Source: Aurthor’s compilation

Smallholder livestock farmers strongly agree that climate change pauses risk to water
resources, causes water scarcity (52.28%), compromises vegetation, reduces feed quantity and
quality (50.3%), and compromises potential farm income (49.1%). The findings align with
Popoolaet al. (2019), who documented households' observations about climate change causing
water scarcity and affecting the availability of livestock feed sources. Likewise, Silvestri et al.
(2012) in Kenya and Zampaligré et al. (2014) in Ethiopia noted that farmers identified feed
availability as the primary aspect affected by climate change in livestock production. Farmers
might perceive feed availability as a significant impact of climate change due to its direct and
immediate effect on their livestock (Silvestri et al., 2012). Changes in climate patterns can
significantly influence the growth and availability of natural forage and crops used as animal
feed. This direct impact on the availability and quality of feed sources is something farmers

can observe first-hand as it directly affects the health and productivity of their livestock.
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Farmers acknowledge (Agree) that climate change increases livestock diseases (43.8%),
diminishes food security (41.6%), hampers reproduction (38.8%), causes livestock fatalities
(32.48%), and affects human health (30%). This perception substantially impacts farming and
household well-being, raising concerns about future livelihoods. Existing literature (Morignat
et al., 2014; Giridhar and Samireddypalle, 2015; Bett et al., 2017) substantiates farmers' views,
indicating climate change's direct impact on reducing livestock productivity, altering disease
prevalence, inducing heat stress, and indirectly affecting feed crop availability and forage
quality, thus affecting livelihoods reliant on livestock.

3.4.6 Farmers perceived adaptability of livestock species

Table 3.7 comprehensively depicts farmers' perceptions concerning the adaptability of different
livestock species, delineated by distinct adaptive traits. In the context of these adaptability
traits, nuanced preferences emerge, illustrating the selection criteria that guide farmers' choices,
particularly in the face of climate-induced challenges.

The findings underscore the species-specific adaptability attributes that influence farmers'
preferences. Goats, for instance, are favoured:for.their resilience in the face of feed scarcity
(0.199), their capacity to reproduce even under climatic stress (0.178), and their endurance
against heat stress (0.177). Similarly, chickens are preferred for their tolerance to high
temperatures (0.194), ability to withstand-water scarcity (0.186), and adaptability to feed
shortages (0.165). Sheep, on the other hand, are chosen for their capacity to endure feed scarcity
(0.192), navigate water scarcity (0.181), and reproduce successfully under harsh conditions
(0.177).

The analysis further reveals insights into cattle's adaptability traits. While they are recognized
for their resilience against floods and resistance to parasites and diseases, cattle are perceived
as having challenges in terms of reproduction under extended harsh climatic conditions (0.144),
vulnerability to water scarcity (0.145), and susceptibility to heat stress (0.146). Pigs, as
indicated, face specific challenges. They are perceived to have reduced reproductive
capabilities under harsh climates (0.134) and heightened susceptibility to feed scarcity (0.134),
along with extended periods of heat stress (0.151). The findings align with a similar study by
Megersa et al. (2014) in Ethiopia, suggesting that cattle were perceived as tolerant to heavy
rains, resistant to ticks, and less preferred than camels and goats. Yet, they were rated as least

suitable regarding their ability to tolerate water scarcity, cope with feed shortages, endure heat
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stress and drought, and manage invasive woody plants. Likewise, Zampaligré et al. (2014) in
Burkina Faso observed farmers favouring goats due to their resilience in facing water scarcity
and alterations in vegetation, as opposed to cattle and sheep. In Ethiopia, Habte et al. (2022)
found that cattle keepers increasingly favour camels and goats, perceived as more drought-
resistant, during droughts. Additionally, Nyoni et al. (2022) discovered that smallholder
farmers in Limpopo perceived indigenous chickens as robust and capable of adapting to rising

temperatures.

Notably, a collective overview of farmers' species preferences concerning climate change
reveals a convergence around certain key adaptability traits. The tolerance to feed scarcity
(0.172), resilience against water scarcity (0.168), and capacity to withstand parasites and
diseases (0.167) emerge as the pivotal factors that guide the selection and preference of
livestock species among farmers. These insights highlight the intricate nexus between farmers'
decision-making processes, prevailing climatic conditions, and the adaptive characteristics of
different livestock species. The discernible pattern of preferences underscores farmers'
practical strategies in aligning their production systems with climatic realities. These findings
are valuable for enhancing livestock management practices and informing broader discussions
surrounding climate-resilient agriculture, underscoring the interplay of local knowledge,

ecological conditions, and adaptive preferences in shaping agricultural landscapes.
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Table 3. 7: Perceptions on adaptability traits of livestock species

Cattle Sheep Goats

SO D N A SA  Index Rank |SD D N A SA  Index Rank |SD D N A SA  index Rank
THS 135 119 125 116 O 0.146 4 83 163 160 89 0 0.152 4 0 0 52 260 183 0.177 3
TFS 124 114 166 91 0 0.147 3 83 77 107 128 100 0.192 1 0 0 5 87 403 0199 1
TWS 131 128 127 109 O 0.145 5 103 98 90 104 100 0.181 2 0 0 156 173 166 0.167 4
RCS 133 135 122 105 O 0.144 6 113 95 104 80 103 0.177 3 0 0 98 157 240 0.178 2
TPD 68 22 71 269 65 0.209 2 131 126 121 117 = O 0.148 6 0 27 160 182 126 0.158 5
TF 58 67 94 122 154 0209 1 134 119 116 126/ /0 0.149 5 106 99 104 91 95 0122 6

Note: THS=tolerance to heat stress; TFS tolerant to feed shortage; TWS= tolerant to-water scarcity; RCS= reproduce under climate stress; TPD =tolerant to parasites and
diseases; TF=tolerance to floods; SD=Strongly disagree; D= Disagree; N=Neutral; A= Agree; and SA=strongly agree

Table 3.7: Perceptions on adaptability traits of livestock species (continued)

Pigs Chicken all species
SD D N A SA Index Rank S D N A SA Index Rank Index Rank
THS 237 174 70 0 24 0.151 4 i 53 69 128 178 0.194 1 0.166 4
TFS 227 260 3 15 0 0.134 5 96 109 92 105 103 0.165 3 0.172 1
TWS 186 176 138 5 0 0.160 3 51 98 106 97 153 0.186 2 0.168 2
RCS 265 169 71 0 0 0.134 5 97 107 104 106 91 0.163 4 0.162 6
TPD 161 178 166 0 0 0.167 2 86 133 97 142 47 0.157 5 0.167 3
TF 96 104 98 100 107 0.253 1 155 135 86 80 49 0.135 6 0.165 5

Note: THS=tolerance to heat stress; TFS tolerant to feed shortage; TWS= tolerant to water scarcity; RCS= reproduce under climate stress; TPD =tolerant to parasites and
diseases; TF=tolerance to floods; SD=Strongly disagree; D= Disagree; N=Neutral; A= Agree; and SA=strongly agree;

Source: Author’s compilation, household survey (2021)
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The subsequent part examines the predominant species that farmers favour in light of the
difficulties presented by climate change. The information shown in Table 3.8 provides a
glimpse into the hierarchical preferences of livestock species regarding their ability to adapt to
changing environmental circumstances. This allows for a meaningful comparison between

these preferences and the adaptability features outlined earlier.

Table 3. 8: Farmers’ perceptions of livestock species adaptability to climate change

Livestock R1 R2 R3 R4 R5 Index Overall
species Rank
Cattle 0 0 115 332 48 0.142 4t
Sheep 46 84 270 95 0 0.211 31
Goats 343 145 7 0 0 0.312 1%

Pigs 0 0 0 48 447 0.073 5t
Chicken 106 266 108 20 0 0.262 2nd

Note: R1-R5, rankings; Source: Author’s compilation, household survey (2021)

Indigenous veld goats exhibit a higher score (0:312)followed by indigenous chickens (0.262)
and sheep (0.211), thereby highlighting their notable adaptability and suitability in response to
varying climatic conditions. The prevailing viewpoint among smallholder farmers regarding
the superiority of these particular species highlights their recognition of the characteristics that
equip them to effectively adapt to the complexities associated with shifting climatic
circumstances. Contrastingly, the judgments on cattle (0.142) and pigs (0.073) reveal a distinct

sense of fragility.

The rankings reflect the preceding discourse on the distinct problems of adaption these
particular species encounter. Cattle, although demonstrating certain qualities, are considered
less capable of effectively addressing the dynamic challenges posed by climate change.
Similarly, pigs are considered vulnerable to climatic fluctuations, consistent with previous
findings regarding their susceptibility to climatic stresses. The findings corroborate earlier

studies indicating a general preference among smallholder livestock farmers in Africa for
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animals adapted to harsh environmental conditions (Habte et al., 2022; Boru et al., 2014;
Kagunyu and Wanjohi, 2014; Fereja, 2016).

3.4.6.1 Farmers’ selection of livestock in response to climate change

Table 3.9 presents the results of livestock selection in response to climate change. More than
half of the livestock farmers (52.5%) indicated they had adopted at least one species observing
the area's climate conditions, while the 47.5% dropped at least one livestock species in the past
20 years. In comparison, only 17.5% of the farmers that discontinued at least one livestock
species in the past two decades due to unfavourable climate conditions. Instead, the primary
reasons for discontinuation were livestock disease outbreaks (48.5%) and theft (34%). Notably,
approximately 38.8% of the farmers expressed a neutral stand to switching towards more
resilient livestock, and 20.8 % were willing. In comparison, 19.4 % showed a solid willingness
to shift to more resilient livestock species given-climate change and variability. This intention

underscores their adaptive strategies to mitigate potential challenges posed by climate change.

Table 3. 9: Farmers’ livestock selection process in response to climate change

Freq (n=495) %

Farmers adopted livestock speciesobserving climate conditions 260 52.5
Farmers dropped livestock species 235 47.5
Reason for dropping species (n=235)
Climate conditions 41 17.5
Disease outbreak 114 48.5
Theft 80 34

“T am inclined to transition towards more resilient livestock.”

Strongly Disagree 41 8.3

Disagree 63 12.7
Neutral 192 38.8
Agree 103 20.8
Strongly agree 96 19.4

Source: Author’s compilation, household survey (2021)
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Choosing particular livestock based on climate conditions coincides with the principle of
climate-smart agriculture, which entails adjusting farming methods to evolving climate
patterns. Opting for livestock species better suited to local climate conditions enables farmers
to improve the resilience and productivity of their farming systems. These outcomes align with
the assertions made by Banerjee et al. (2014) and Fereja (2016), indicating that farmers
consider the requirements and prevalent agro-climatic conditions in the region when selecting

livestock.

3.5 Chapter Summary

This chapter serves as a foundational piece that informs subsequent chapters by providing a
comprehensive understanding of smallholder farmers' characteristics and livestock farmers'
perceptions of climate change. It aligns these perceptions with historical climate trends and
examines their influence on farmers' choice of livestock species. The findings of this chapter
serve as a basis for further analysis and discussion in the following chapters. The findings
reveal that smallholder farmers in the 'study area are heterogeneous in terms of their
socioeconomic and demographic characteristics, farming practices, and resource access. The
results indicate a correlation between farmers' perceptions and long-term climate data, both of
which suggest a decline in rainfall and a.rise in temperatures. Drought and depleted water
sources were identified as significant challenges, impacting feed availability, water scarcity,
livestock diseases, reproduction rates, and mortality. Farmers prefer goats, indigenous
chickens, and sheep to cattle and pigs due to their perceived resilience to stressors like heat,
water scarcity, and feed shortages. Overall, farmers' perceptions align with observed climate
patterns, but they also recognize the broader impact of climate variability on their income and

food security.

3.6 Conclusion

The study concludes that smallholder livestock farmers in the Eastern Cape Province of South
Africa have climate change perceptions that align with historical climate trends, as both
indicate decreasing rainfall and rising temperatures. Drought and water scarcity challenges are

significant, impacting various aspects of livestock production. Farmers' preference for
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livestock species they perceived more resilient reflects their adaptive strategies in response to
climate challenges. However, farmers' choice of perceived adaptable livestock species could
be hindered by poor access to other essential support services, such as credit, government
extension services, farmers' associations, drought relief support, early warning climate
information, and distant markets. Moreover, there is also a notable level of uncertainty among
farmers regarding future climate change adaptation, highlighting the need for continued
research, support, and adaptation strategies to ensure the resilience and sustainability of
smallholder livestock farming in the face of ongoing climate variability.

3.7 Policy recommendation

To support smallholder livestock farmers in the Eastern Cape Province in adapting to climate
change, extension officers should play a key role in promoting climate-smart agricultural
practices. This includes providing farmers with access to accurate and timely climate data, as
well as training on practical adaptation strategies. Integrating indigenous knowledge with early
warning systems can further enhance farmers' adaptive capacity. Policies should also focus on
water conservation, sustainable resource use, and’ promoting resilient livestock species suited
to changing climatic conditions. Strengthening local institutions and farmer networks can
facilitate knowledge-sharing and collaboration, while fostering partnerships between farmers
and meteorological institutions can'improve climate data'exchange, adaptation planning, and

overall community resilience.
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CHAPTER 4: FACTORS INFLUENCING LIVESTOCK OWNERSHIP
AND HERD INTENSITY AMONG SMALLHOLDER FARMERS IN
THE EASTERN CAPE, SOUTH AFRICA

Abstract

This chapter examines factors influencing smallholder farmers' decisions on livestock
ownership and intensity in the face of climate change. The study employed a cross-sectional
approach using a multi-stage sampling method, surveying 600 smallholder farmers, of whom
495 were engaged in livestock production. The data was collected through a semi-structured
questionnaire and analyzed using a double hurdle model. The results reveal that the decision to
own livestock is positively influenced by adherence to African traditional religion, access to
climate information, membership in farm organizations, income diversification, possession of
a formal housing structure, and high average temperature. Conversely, being male, having
higher educational attainment, and having a significant household size act as deterrents to the

decision to own livestock.

Furthermore, once the decision to own livestock: is made, the herd intensity is positively
influenced by being a male-headed household affiliated with farm organizations, having
multiple income streams, and, having.a; highcaverageyannual precipitation. The chapter
concludes that household capital ‘and environmental/conditions influence farmers’ livestock
ownership decisions. Thus, smallholder farmers in the study area might be altering their
practices in response to environmental shifts, choosing livestock as a more suitable and
sustainable option amidst changing temperature patterns in addition to their socio-economic
needs. These insights underscore the multifaceted nature of livestock-related decision-making,
emphasizing the importance of considering gender dynamics, fostering organizational
affiliations, promoting income diversification, and adapting to environmental variations in

designing effective livestock management strategies.

Keywords: Determinants, Livestock Ownership, Herd Intensity, Smallholder Farmers; Eastern

Cape
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4.1 Introduction

Livestock production plays a vital role in the livelihood strategies of rural farm households
across Africa. Africa possesses a significant share of the global livestock population,
constituting approximately one-third (Balehegn et al., 2021). Moreover, livestock contributes
substantially to the agricultural GDP within the region, with individual countries witnessing
contributions ranging from 10% to 80% (Panel, 2020). Furthermore, the future significance of
livestock in Africa is poised to experience substantial growth. Projections indicate a surge in
demand for livestock and its related products due to influential factors like population growth,
increasing incomes, evolving dietary preferences, and urbanization and climate change
challenges (Cheng et al., 2022). In response to this growing demand, producers and
stakeholders are anticipated to invest substantially in livestock farming systems and value
chains (FAO, 2017).

Similar to other African nations, the livestock industry holds substantial significance in South
Africa, contributing to the consumption of valuable natural resources. Grazing alone occupies
approximately 80% of the agricultural land,while {ivestock systems account for 8% of water
consumption (Oduniyi et al., 2020). The Department of Agriculture Land Reform and Rural
Development (DALRRD) reports that extensive livestock farming, especially under communal
farming, dominates the agricultural landscape.in South, Africa, utilizing a significant portion of
the country's agricultural land (DALRRD, 2022a). Although livestock farming is prevalent
throughout the nation, the Eastern Cape Province is a region with exceptionally high livestock
populations (Goni et al., 2018). Notably, the smallholder communal farming sector, rather than
the commercial farming sector, predominantly maintains the majority of livestock in the
province (Tibesigwa et al., 2017; Goni et al., 2018). In Africa, the typical smallholder farmer
maintains an average of 1.60 Tropical Livestock Units (TLUS), corresponding to approximately
three native beef cattle per household or around 0.6 TLU per household member (Mayala et
al., 2019). Importantly, Herrero et al. (2014) emphasize that smallholder farmers' livestock
production will continue to play a significant role in livestock production until 2050, even

under climate change scenarios.

In the Eastern Cape Province, cattle account for 24.76% of the national livestock population,
while goats represent 38.40%, sheep constitute 29.89%, and pigs comprise 6.06% (DALRRD,
2019). In Eastern Cape Province, sheep hold the largest share, followed by cattle, goats, and
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pigs (Figure 4.1). The figure also illustrates the percentage change in livestock species over
time. Goats, sheep, and cattle exhibit relatively stable patterns with minor fluctuations. At the
same time, the pig population displays more significant positive and negative fluctuations,
indicating greater variability in their numbers throughout the years.
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Figure 4. 1: Livestock species numbers in the Eastern Cape from 1996-2019

Source: Author’s computation using data/fromt DALRRD (2019)

Nevertheless, Figure 4.2 illustrates a declining trend in Tropical Livestock Units (TLU) over

time. Climate change and variability could worsen the declinejin TLU in the province.

3500000
Q
w
© 3400000
e
=
£ 3300000 cceeopmd y = -5348.4x + 3E+06
e T TN e\ R?=0.1588
g . f NN S\
g32000 f VO N
e 4 T\ T e,
C
~ 3100000
[S)
o
& 3000000
2
T 2900000
(o]
'_
2800000

O N0 OO A AN N <TTN ONODOODO A AN MW ONOO

D OO OO O OO0 O000O0O0 H d ™ ™ o A o o o o

A OO OO OO O OO0 O0OO00O0D0D00OD0D0O0O0OOoO oo

T " AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN NN

Years

Figure 4. 2: Total livestock number in the Eastern Cape in TLU from 1996-2019

Source: Author’s computation using data from DALRRD (2019)
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The importance of livestock ownership among smallholder rural farm households is well
documented (Pica-Ciamarra et al., 2011; Herrero et al., 2013; Molina-Flores et al., 2020;
Mmbengwa et al., 2015; 14. Wodajo et al., 2020; Molotsi et al., 2019; Kaumbata et al., 2020).
These include income generation, access to nutritious diets, savings and insurance mechanisms,
and enhanced social status. While livestock offers numerous advantages, particularly for rural
households, some rural households do not possess livestock (Taruvinga et al., 2022). According
to Hajdu et al. (2020), those who own livestock often experience low and decreasing
productivity, leading many rural households to contemplate alternative livelihoods (Tauvinga
etal., 2022).

Prior research (Mayala et al., 2019; Shidiki et al., 2018; Muthuri and Egal, 2019; Mathiu et al.,
2021) has emphasized that the ownership of livestock is affected by a range of factors, such as
socio-economic and institutional factors, which may differ across different regions.
Nevertheless, there is a shortage of empirical research that thoroughly examines the
determinants of livestock ownership among rural farm households in South Africa, specifically
in the Eastern Cape region. Taruvinga et al. (2022) also stress the necessity for additional
empirical investigations in this domain. Hence, the objective of this chapter is to evaluate the
determinants of livestock ownership and_herd-intensity among smallholder farmers in the

Eastern Cape.

4.2 Literature review

4.2.1 The multiple facets of studies on livestock ownership

The analysis of the various studies reviewed suggests that decisions related to livestock
ownership are multifaceted, encompassing several dimensions. These dimensions include the
decision to initiate livestock keeping, determining the quantity and value of livestock held,
selecting the type of livestock species to own, and choosing specific breeds (See Table 4.1).
Analysis across the reviewed studies revealed a diverse focus. Some studies concentrated solely
on singular aspects of livestock ownership, such as decisions to invest or partake in livestock
production (Mayala et al., 2019; Shidiki et al., 2018), while others examined the quantity of
livestock owned (Sikhweni and Hassan, 2014; Offor et al., 2018; Debela, 2017; Nkonki-
Mandleni et al., 2019; Duguma and Debsu, 2019; Muthuri and Egal, 2019; Mathiu et al., 2021).
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Additionally, several studies delved into the species of livestock possessed (Dossa et al., 2008;
Tegebu et al., 2012; Maonga and Mapemba, 2014; Adams and Ohene-Yankyera, 2014; Desiere
et al., 2015; Salamula et al., 2017; Jaza et al., 2018; Joshi et al., 2020; Emaziye et al., 2021,
Taruvinga et al., 2022), and others focused explicitly on livestock breeds owned (Otieno, 2013;
Oyekale, 2013; Traoré et al., 2016; Philemon and Maitho, 2017; Adetarami et al., 2020;
Mathewos et al., 2021; Mukarumbwa et al., 2021; Kitole, 2022; Houessou et al., 2022; Kuma
and Gata, 2022). Other studies combined multiple facets, examining interconnected decisions
within livestock ownership. For instance, Kabubo-Mariara (2008) sequentially explored the
choice to participate in livestock farming alongside selecting different livestock species.
Similarly, OU and Mendelsohn (2017) modelled the choice to participate in livestock
production, the overall value of livestock, and the species selection.

Due to the scarcity of research on the determinants of the decision to engage in livestock
ownership and herd size, this section utilizes the concept of livestock ownership in a broader

sense to explore the factors that influence it.

Table 4. 1:Compilation of fundamental details from the reviewed studies on the factors
influencing livestock ownership

No Author (S) And | Study Area Data Empirical Model Livestock owned/ studied Ownership
Year Decision Category
1 Shidiki et al. Cameron 332 Household Logistic Regression Small Ruminants, Cattle, whether or not to
(2018) Horses own livestock
2 Mayala et al. Tanzania 333 Binary Logistic Cattle, Sheep, Goats
(2019) Respondents Regression
3 Sikhweni and South Africa | 253 Small-Scale | Negative Binomial Cattle Decision on
Hassan (2014) Cattle Farmers Model livestock numbers
4 Nkonki- South Africa | 250 Ordinary Least Squares Cattle, Sheep
Mandleni et al. Smallholder Regression
(2019) Cattle and
Sheep Farmers
5 Offor et al. Nigeria 80 Respondents | Multiple Linear Small Ruminants
(2018) Regression
6 Duguma and Ethiopia 99 Respondents | Multiple Linear Cattle, Goats, Sheep,
Debsu, (2019) Regression Equines, Donkeys
7 Muthuri and Kenya 384 Households | Ordinary Least Squares Sheep, Goats
Egal (2019) Regression
8 Mathiu et al. Kenya 359 One Step Cobb Douglas
(2021) Respondents Production Function
9 Debela (2017) Ethiopia 1505 Household | Decomposition, Fixed Cattle, Horses, Mules,
Effects Regression Donkeys, Camels, Sheep,
Goats, Chickens.
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10 Maonga and Malawi 5711 Multivariate Probit Sheep, Goats and Pigs The decision to
Mapemba Households model own species
(2014)
11 Taruvinga et al. South Africa | 650 Livestock Multivariate Probit Cattle, Sheep, Goats, Pigs
(2022) Farmers model and Chicken
12 Jaza et al. Cameroon 160 Farmers Logit Model Goats
(2018)
13 Dossa et al. Benin 228 Households | Logistic Regression Goats and Sheep
(2008)
14 Salamula et al. Uganda 116 Binary Probit Camel
(2017) Respondents
15 Joshi et al. Nepal 100 Ordinary Least Squares Goats
(2020) Respondents Regression
16 Emaziye et al. Nigeria 180 Logistic Regression Goats
(2021) Respondents Model
17 Adams and Ghana 249 Farm Multinomial Logit Sheep, Goat
Ohene- Households Model
Yankyera
(2014)
18 Tegebu et al. Ethiopia 385 Rural Multinomial Logit Cattle, Sheep, Goats,
(2012) Households Camels, Mules, Chicken
19 Desiere et al. Burundi 126 Communes | Multivariate Probit Cattle, Goats
(2015) model
20 Mathewos etal. | Southern 144 Binary Logistic Sheep breeds The decision to
(2021) Ethiopia Smallholder Regression own breeds
Farmers
21 Oyekale (2013) | Kenya 251 Cattle Binary Probit Model Exotic Dairy Cattle Breed
Farmers
22 Adetarami et al. | Nigeria (150) Farmers Logistic Regression Small Ruminants
(2020) Model
23 Kuma and Gata, | Ethiopia 160 Rural Multinomial Logit Exotic and Indigenous
(2022) Households Model Chicken Breeds
24 Mukarumbwa South Africa 120 Households | Multivariate Probit Indigenous Chicken
etal. (2021) model Breeds
25 Kitole (2022) Tanzania 9,552 Multinomial Logit Cattle Breeds
Households
26 Traoré et al. Mali 160 Cattle Exploded Logit Model Cattle breeds
(2016) Farmers
27 Houessou et al. Benin 753cattleherds Descriptive Cattle breeds
(2022)
28 Philemon and Kenya 168 Dairy Goat | Descriptive Statistics Exotic dairy goat
Maitho (2017) Farmers And 10
Extension
Officers
29 Otieno (2013) Kenya 313 Farmers Logit Model Cattle Breeds
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4.2.2 Determinants of livestock ownership among smallholder farmers

Numerous studies examined how demographic and socio-economic factors influence decisions
regarding owning livestock (Mayala et al., 2019; Debela, 2017; Shidiki et al., 2018; Offor et
al., 2018; Nkonki-Mandleni et al., 2019; Duguma and Debsu, 2019; Muthuri and Egal, 2019;
Mathiu et al., 2021) and few included climate factors in understanding livestock ownership
(Taruvinga et al., 2022) and psychological factors such as risk perception (Shidiki et al., 2018).
The attributes of farm households play a role in determining if farmers are open to altering their
farming methods (Dang et al., 2019). This includes diversifying crops with livestock,
transitioning to livestock-focused production, or estimating the number of animals they might
choose to maintain. The critical household factors reviewed and included in this study are those
related to household capital and climate factors.

The household head's age reflects experience in decision-making within farming contexts
(Dang et al., 2019). Two conflicting viewpoints exist regarding this matter. One perspective
suggests that older farmers are better equipped to own livestock due to their accrued wisdom,
expertise in livestock management, and accumulated assets over time (Salamula et al., 2017,
Philemon and Maitho, 2017). On the other hand; Maonga and Mapemba (2014) and Adetarami
et al. (2020) contend that as farmers age, they might need help in adequately tending to
livestock herds, contrasting with the physical vigour of younger farmers who are better suited
for animal care. Despite the physical capability. of younger farmers, Dossa et al. (2008) suggest
that younger household heads might prioritize non-farming activities to earn a higher income,
possibly leading them to avoid engaging in livestock ownership. However, a comprehensive
review by Lim and Yu (2015) contests this, stating that more evidence is needed to conclude
whether older adults make distinctly different risky, ambiguous, and intertemporal choices
compared to younger adults. Consequently, the relationship between age and decisions

regarding livestock ownership and the degree of involvement remains to be determined.

Regarding gender, men and women tend to opt to raise livestock species given the necessary
support (Otieno, 2013; Alonge et al., 2016). However, a substantial body of literature on
agricultural and rural development indicates a trend where male farmers are more inclined to
decide on owning and determining the optimal quantity of livestock within their farming
operations compared to female farmers (Sikhweni and Hassan, 2014; Adams and Ohene-
Yankyera, 2014; Desiere et al., 2015; Melissa et al., 2016; Salamula et al., 2017; Offor et al.,

2018; Naz et al., 2023). This gender gap in livestock ownership decisions is attributed to social,
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cultural, economic, and institutional factors (Sikhweni and Hassan, 2014; Adams and Ohene-
Yankyera, 2014; Salamula et al., 2017). Despite this disparity, there is a growing
acknowledgement of the valuable contributions and potential of female farmers in livestock
production (Tegebu et al., 2011; Njuki and Sanginga, 2013; Vijayalakshmy et al., 2023; Naz
et al., 2023). Njuki and Sanginga (2013) highlight that women's involvement in livestock
production is influenced by factors like their access to capital, skills, organizational
capabilities, and constraints on their mobility. Given the significant imbalance in literature
favouring the likelihood of males owning livestock, the study anticipates that male farmers are

more inclined to possess livestock and potentially augment their livestock numbers.

Education is a crucial demographic factor shaping farmers' decision-making processes, directly
enhancing their knowledge capacity, comprehension of information, and propensity for risk-
taking (Ntshangase et al., 2021). This perspective posits that a higher literacy could strengthen
livestock production by encouraging farmers to take calculated risks. Furthermore, Khoza et
al. (2019) underscore education as human capital within households, empowering smallholder
farmers to explore diverse livelihood options within and outside agricultural activities.
However, an opposing view, highlighted by Maonga and Mapemba (2014), suggests that
educated farmers might pursue white-collar jobs'rather than engaging in livestock production,
potentially diverting their focus from farming. Additionally, Kabubo-Mariara (2008) indicates
that farmers with higher levéls of-education tend-to maintaincsmaller livestock populations
compared to those with lower levels' of ‘educatioh, ‘implying a possible inverse relationship
between education and the quantity of livestock owned. This association between the potential
for enhanced risk-taking and diversified opportunities with education versus a tendency
towards non-agricultural employment reflects the contrasting perspectives regarding the

impact of education on farmers' choices and practices.

Ntshangase et al. (2021) highlight the substantial impact of marital status on household
decision-making, a sentiment echoed by Oyakele (2013), who argues that marriage,
particularly within African households, often brings about significant financial responsibilities
for household heads, thereby motivating the pursuit of livestock rearing as a means of
livelihood. Moreover, Oyakele (2013) and Taruvinga et al. (2022) observe that married farmers
tend to be more involved in livestock ownership due to the availability of labour within the
household. Sikhweni and Hassan (2014) find that married farmers, compared to unmarried
counterparts, maintain larger livestock populations, potentially utilizing these animals as a

source of income to support their families. Furthermore, Taruvinga et al. (2022) suggest that
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the pressure on married farmers to provide food and generate household income might drive
their engagement in livestock farming and the sale of surplus produce. These viewpoints
collectively portray that marital status significantly influences farmers' decisions to own and
manage livestock, linking it closely to financial responsibilities, labour availability, and the

need to sustain and support the household.

In terms of household size, several studies (Maonga and Mapemba, 2014; Philemon and
Maitho, 2017; Joshi et al., 2020; Emaziye et al., 2021) have highlighted a positive correlation
between the size of a household and the decision of farmers to maintain livestock. The size of
a household, in the context of livestock management, acts as an indicator of available labour,
thus suggesting that a larger family size correlates positively with increased access to family
labour and more excellent work hours available for the regular care and management of
livestock (Ansah et al., 2015; Adetarami et al., 2020). However, contrary findings, as indicated
by Salamula et al. (2017) and Adetarami et al. (2020), propose a negative relationship between
household size and livestock ownership. Salamula et al. (2017) further suggest that this adverse
impact of household size implies a shortage of labour for livestock-related tasks, possibly
because household members seek alternative ;sources of quick income (unlike livestock
production) to support a more significant number of household members. This divergence in
findings suggests a potential complexity“in the relationship between household size and
livestock ownership, indicatingythat-while larger lhouseholdsymight theoretically offer more
labour for livestock management, ‘othér factors like“labour allocation and competing income

opportunities counterbalance this advantage.

Religion is another crucial factor in the literature that explains livestock ownership. Davies et
al. (2018) suggest that religious and traditional belief systems influence decision-making
processes among rural smallholder farmers. Adams and Ohene-Yankyera (2014) and Dossa et
al. (2008) have uncovered a notably positive correlation between religion, mainly African
traditional faith, and farmers' inclination to own livestock. Maonga and Mapemba (2014) assert
that the cultural significance attached to livestock in a specific area directly impacts the
adoption of livestock ownership. Within numerous African cultures, livestock holds spiritual
and cultural importance, serving purposes such as communication and offerings to ancestors

through ritual sacrifices involving livestock (Shava and Masuku, 2019).

Conversely, households adhering to certain religious backgrounds that abstain from consuming

specific types of livestock may lack the motivation to raise such animals (Shadiki et al., 2018).
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Mayala et al. (2019) conclude that smallholder farmers consider their religious and cultural
perspectives when managing livestock. This diversity in religious and cultural practices
showcases how they can both encourage and deter farmers from engaging in livestock
ownership based on the spiritual and cultural values attached to these practices.

Belonging to farmers' organizations is essential for agricultural development as it serves as a
platform where farmers collectively address prevalent challenges (Ntshangase et al., 2021).
Various studies indicate that membership in farm organizations or cooperatives is pivotal in
influencing farmers' decisions, particularly regarding technology adoption. Adekunle et al.
(2012) underscore a strong correlation between farmers' organization membership and the
adoption of agricultural technologies. Similarly, research by Mathewos et al. (2021) and
Mukarumbwa et al. (2021) suggests a positive correlation between membership in farmer
groups or cooperatives and livestock ownership. Being part of these organizations potentially
grants farmers improved access to a continuous supply of inputs, training, information, skills,
loans, and other essential resources, thereby enhancing their capacity for successful adoption
(Birhanu et al., 2017; Mukarumbwa et al., 2021). However, a recent comprehensive review
across 19 developing countries, correcting for publication bias, found a small and insignificant
effect of cooperative membership on farmers®output (Ma et al., 2023). This review casts some
doubt on the previously presumed impact of cooperative membership on farmers' agricultural
production and adoption of farming practices.

Access to credits is an essential agricultural support service (Maonga and Mapemba, 2014)
with the potential to improve smallholder agricultural production. However, in most African
countries, access to credits for smallholder agricultural production is an ongoing challenge.
Smallholder livestock production is extensive, implying that farmers barely buy inputs for
production. However, they still need credits to support livestock production, given the
challenges of climate viability and change that result in degraded grazing fields, poor feeds and
forage availability, water scarcity for livestock, and increased parasites and diseases that
require vaccination of animals. Moreover, improved livestock breeds are more sensitive to the
impacts of climate change. Hence, farmers require credits to sustain improved livestock. Some
studies, such as those by Jaza et al. (2018) and Ali and Khan (2013), found a positive influence
of credits on livestock ownership. The studies stipulated that households with access to credit
facilities are likelier to adopt livestock production and increase the number of animals kept.
Jaza et al. (2018) stated that since livestock such as goats require little investment in

management technologies, credits would secure goats' survival during dry seasons. On the
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other hand, Maonga and Mapemba (2014) found a negative effect of credit access on farmers'
decision to keep livestock such as goats, sheep and pigs. This was linked to the prevalent pattern
in African nations, where smallholder farmers have minimal credit options and a limited

promotion for non-ruminant and small ruminant animals (Maonga and Mapemba, 2014).

Income diversification is a pivotal factor influencing farm households' livestock ownership and
herd intensity decisions. One primary motivation for engaging in livestock-related activities is
closely tied to the anticipated returns from new economic livelihood endeavours, as
underscored by Adams and Ohene-Yankyera (2014). The significance of the financial aspect
in livestock ownership is further accentuated by Zaw Win et al. (2019), who pinpoint financial
challenges as substantial barriers for small households with limited resources dedicated to
livestock production. In light of this, Offor et al. (2018) and Adetarami et al. (2020) contend
that the role of farmers' income is central, acting either as a deterrent or an encouragement for
adopting livestock production. Specifically, low income is identified as a potential obstacle to
livestock production, while the positive influence of income diversification emerges as a
catalyst for increased participation in livestock-related activities. Ali and Khan (2013) affirm
income's vivacious and significant impact on livestock ownership. The collective evidence
from these studies suggests that a diversified income base is intricately linked to an augmented
likelihood of livestock ownership. In contrast, challenges associated with low income may
hinder the pursuit of agricultural-endeavours [in)livestock -management. Consequently,
comprehending the dynamics of income diversification'becomes imperative in unravelling the
intricate relationship between household financial capital and the decision-making processes

related to livestock management.

The link between climate factors, precisely temperature and rainfall, and smallholder farmers'
decisions to own livestock are intricate and multifaceted. Basurto-Hernandez et al. (2018)
highlight climate change's pivotal role in shaping agricultural choices. Ou and Mendelsohn
(2017) find that livestock ownership is sensitive to climate, with the uniform temperature
warming increasing ownership by 3%, while uniform precipitation increase results in a 23%
decrease. The explanation lies in the shift in attractiveness between livestock and crops,
wherein increased precipitation makes crop farming relatively more appealing Ou and
Mendelsohn (2017). Kabubo-Mariara (2008) notes the inverse correlation between summer
and spring precipitation and livestock ownership in Kenya, prompting farmers to shift to crop
farming. Conversely, heavy rains during the long rains positively impact livestock ownership.
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Further studies (Seo and McCarl, 2011; Seo, 2015, 2016; Ou and Mendelson, 2017) estimate
climate change's impact on livestock numbers. In Australia, Seo (2015) predicts a significant
increase in sheep numbers in arid areas and anticipates future rises in beef cattle and sheep
ownership under high temperatures. Seo (2016) forecasts an increase in goat numbers in India
as the monsoon climate intensifies. Seo and McCarl (2011) find that a 3.4 °C temperature
increase in Australia leads to substantial increases in sheep, beef cattle, and pig ownership,
excluding dairy cattle. Thus, the study hypothesizes a positive association between temperature
and rainfall on smallholder farmers' livestock ownership and herd intensity decisions.

However, empirical studies comprehensively analysing factors influencing rural farm
households' livestock ownership in South Africa are limited. Nevertheless, as mentioned by
Taruvinga et al. (2022), there is a need for more empirical studies that comprehensively analyze
the determinants of livestock ownership among rural farm households in South Africa. Even
those limited available studies mainly focused on farmers who already own livestock, often
focused solely on one stage of the livestock ownership process, neglecting the interdependence
between ownership decisions and the herd intensity. By adopting a comprehensive approach
and utilizing a double hurdle model, this study aims to bridge the gap in understanding and
provide a holistic assessment of the determinants'of livestock ownership and herd intensity
among smallholder farming households in‘the Eastern Cape. Understanding the determinants
that shape these decisions is|essential-for sustainable-agricultural development and poverty
reduction. By comprehensively examining the ‘factors influencing livestock ownership and
herd intensity among smallholder farmers, this study aims to shed light on the intricate
dynamics that underlie their decision-making process and provide insights into the existing
literature, inform evidence-based policies and interventions, and enhance effective policy

interventions and support mechanisms.

4.3 Methods

4.3.1 Conceptual framework

The conceptual framework for livestock ownership decisions, as shown in Figure 4.3, is based
on the Sustainable Livelihood Framework (SLF), which aims to maximize a farming

household's utility through diverse livelihood assets, including human, social, natural, physical,

91



and financial capital (Wang et al., 2022). This framework explores how these assets help
mitigate risks, shape livestock ownership, and influence the well-being of smallholder farmers
(Randolph et al., 2007). In the SLF, the vulnerability of farming households arises from
weather-related, environmental (such as changes in temperature and precipitation), and
economic shocks (Dumenu and Tiamgne, 2020). Livestock ownership is viewed as a strategy
to enhance overall well-being and resilience within this framework. Household capital assets
are hypothesised to influence farmers' decisions to engage in livestock production, with an
emphasis on maximizing herd size (Ngarava, 2019).

Human capital, including factors like age and education, can have both positive and negative
effects on livestock ownership and herd intensity. For instance, older farmers may possess more
expertise but require assistance with physical labor (Salamula et al., 2017; Maonga and
Mapemba, 2014) to manage livestock production. Education can empower farmers, but it might
also lead them to pursue non-agricultural careers (Khoza et al., 2019; Maonga and Mapemba,

2014), consequently neglect livestock production.
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Figure 4. 3: Conceptual framework based on the sustainable livelihood framework

Source: Adopted and modified from Randolph et al. (2007)

Social capital represents the social resources individuals leverage to achieve specific livelihood

goals, including involvement in farming groups and religion. In the context of livestock
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ownership, both involvement in farming groups and religion can positively influence livestock
ownership by providing social support, access to resources, and a sense of belonging (Mawejje
et al., 2014; Birhanu et al., 2017). However, negative impacts such as conflicts within groups
or religious restrictions on livestock practices can negatively affect livestock ownership and
herd intensity. Thus, the effect social capital on livestock ownership and herd intensity is

indeterminate.

Natural capital encompasses natural resources essential for production, such as land (Tong et
al., 2024). Conradie (2019) found a positive relationship between farm size and livestock
productivity, suggesting that larger farms may offer advantages. However, Xia et al. (2020)
observed an inverse relationship between land size and livestock numbers, indicating a more
nuanced relationship influenced by labour input intensity. Therefore, the direction of the
influence of land as natural capital on livestock ownership is not definitively clear and may

vary based on specific circumstances and management approaches.

Physical capital encompasses the resources needed by farmers for long-term production and
daily activities, such as essential infrastructure (Huang et al., 2023; Tong et al., 2024). Huang
et al. (2023) found that rural households with, higher levels of physical capital are more likely
to use extended livelihood methods. Within this study, the housing structure is used as a
substitute for physical assets and is anticipated to have a favourable influence on both the

livestock ownership and numbers.

Financial capital primarily comprises the monetary resources and loans accessible to farmers,
which signify the amount and utility of their economic assets (Tong et al., 2024). Financial
capital, which encompasses credit and income, has a significant impact on farmers' choices
regarding livestock ownership and the herd intensity (Offor et al., 2018). Therefore, it is
anticipated that having access to credits and diversifying income will have a good impact on

the decisions about livestock ownership and herd intensity.

Livestock, as a tangible asset, can enhance each primary household asset, reduce vulnerability,
and improve overall outcomes within the SLF (Randolph et al., 2007). Livelihood strategies,
particularly livestock ownership, are further influenced by the institutional environment, which
includes private and public sector structures, cultural factors, policies, and societal norms
(Randolph et al., 2007). The SLF has proven to be an effective research tool for understanding

farmers' decision-making regarding livelihoods (Wang et al., 2022). Drawing on insights from
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the SLF, this chapter investigated the determinants influencing livestock ownership and

numbers.

4.3.2 Analytical framework

Selecting an appropriate econometric model is vital for comprehending the complexities of
decision-making in livestock ownership and herd intensity. Previous research using
dichotomous regression models like Probit or Logit has predominantly concentrated on the
probability of ownership, overlooking insights into herd intensity (e.g., Kabubo-Mariara, 2008;
Mayala et al., 2019; Ou and Mendelsohn, 2017; Shidiki et al., 2018). Knowing if a farmer owns
livestock may reveal little about their behaviour, as resource allocation can vary widely.
Relying solely on a dichotomous variable is inadequate for analysing herd intensity, as
highlighted by Beshir (2014).

Therefore, a nuanced understanding of the livestock ownership decision-making process is
crucial. Previous studies have delved into:the second stage, focusing on the herd intensity of
livestock (e.g., Sikhweni and Hassan, 2014; Nkonki-Mandleni et al., 2019; Offor et al., 2018;
Duguma and Debsu, 2019; Muthuri and Egal;''2019; Mathiu et al., 2021). These studies
commonly used the ordinary least square regression-model (OLS) (Offor et al., 2018; Duguma
and Debsu, 2019), multiple linear regression (Nkenki-Mandleni et al., 2019; Muthuri and Egal,
2019), and a few used the negative binomial model (NBM) (Sikhweni and Hassan, 2014) and
one-step Cobb Douglas production function (Mathiu et al., 2021). In essence, whether to
possess livestock and the quantity to have can be made together or independently (Beshir,
2014). Thus, a comprehensive understanding of the livestock ownership decision-making
process requires considering jointly modelling the first hurdle (livestock ownership stage) and
the second hurdle (livestock numbers) sequentially or simultaneously (Yami et al., 2013,
Beshir, 2014; Dlamini and Huang, 2019), to offer a more holistic representation of factors

influencing livestock ownership among farmers.

Various models, such as Tobit, Heckman, and double-hurdle, are commonly employed for such
scenarios. While the Tobit model is suitable for capturing decisions related to livestock herd
intensity, it relies on assumptions of homoscedasticity and normality of residuals (Amore and
Murtinu, 2019), which may not align with the complexities inherent in the context of livestock
ownership. Livestock ownership decisions are influenced by socioeconomic and cultural
factors and environmental conditions that vary widely among households and communities,

contributing to variations in livestock management practices. These differences can lead to
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non-uniform residual variability, challenging the normality assumption. The distribution of the
number of livestock owned might exhibit skewness or heteroscedasticity, leading to biased
parameter estimates (Amore and Murtinu, 2019). The Tobit model assumes homogeneity of
effects across all individuals, implying that the same factors influence both decisions (Beshir,
2014; Dlamini and Huang, 2019), which may not reflect the diverse responses of smallholder

farmers to the same factors influencing livestock ownership.

Given the Tobit model's limitations, both the Heckman and double hurdle models emerge as
potentially suitable alternatives for the present study. The Heckman model uses a probit model
in the initial stage (selection model) to analyze the decision-making process of livestock
ownership. It then employs an ordinary least squares regression model to study the decision on
the number of livestock owned (outcome model) (see, for instance, Rabbi et al., 2019; Ao et
al., 2019). In the selection model, zeros are considered missing or unobserved data (Ao et al.,
2019). The inverse Mills ratio, calculated in the selection model, is used as the selectivity term
and is subsequently integrated into the outcome equation to address sample-selection bias (Ao
et al., 2019; Dlamini and Huang, 2019). This guarantees reliable and effective asymptotic
parameter estimations. Dlamini and Huang (2019) caution that while the Heckman model is
suitable for non-random samples, it may have limitations if the normality assumption is not
satisfied. Therefore, the Heckman model was not selected for the current study. Instead, the
double hurdle model, which is)mareflexible and particularly, effective with samples obtained

through random probabilistic sampling’methods, was ‘chosen for analysis in this study.

4.4.3 Sampling procedure

The study employed a multi-stage sampling procedure to select 600 smallholder farmers,
comprising 495 livestock keepers and 105 non-livestock keepers. A comprehensive description

of the sampling methodology is provided in Chapter 1.

4.3.4 Estimation procedure

A double hurdle estimation procedure was applied to examine the factors determining livestock
ownership decisions and the extent of ownership among farming households (Cragg, 1971).
Under this estimation technique, two hurdles must be passed (Burke, 2009) before a positive
level of livestock herd intensity can be observed. This study utilizes the double-hurdle model,

assuming that livestock ownership decisions and herd intensity represent two separate

95



decisions. The Double hurdle model in this study used a sequential joint application of the
probit and truncated regression models (Yami et al., 2013; Beshir, 2014; Dlamini and Huang,
2019).

Hurdle 1: Probit model

In this study, the first hurdle (decision stage) is that the farmer decides whether to own
livestock, taking a value of 1 if owning livestock and O if not. The probit model presupposes
that the error terms conform to a normal distribution (Acerenza et al., 2023). According to
Lumley et al. (2002), when the sample size is 500 or more, the Central Limit Theorem (CLT)
guarantees that the regression coefficients will, on average, conform to a normal distribution.
Therefore, in extensive samples, the absence of normalcy does not present any problems (Pek
et al., 2018; Knief and Forstmeier, 2021).

The farm household's decision to own livestock can be represented by:

Own_livestock;” = (x;f + €;) [Egn. 4.1]
Own livestock; = (5L Smiueseercz) [Ean. 42
The Probit model in the first hurdle of assessment is expressed with precision as:

Pr (Own_livestock;) = + X383+ XnPn+-€i) [Eqgn. 4.3]

Where: Own_livestock™ represents the underlying variable that signifies the unseen attributes,
whereas Own_livestock denotes the dichotomous explained variable depicting whether a
farming household decided to own livestock (i.e., Own_livestock =1) or choose not to own
livestock (i.e., Own_livestock = 0). Pr(Own_livestock;) is a smallholder farmer's probability
of owning livestock or not, X,, is a constant parameter; however X; ... X,, are parameters to be
estimated, 3, ....8,, is the vector of independent variables (see Table 4.1), e; signify an error

term in the first hurdle.

The Inverse Mills Ratio (IMR) is predicted from the probit model of the first hurdle and then
incorporated as a regressor in the second stage (second hurdle). This is done intentionally to
manage selection bias and provide impartial, consistent, and efficient estimators. The IMR

equation is formulated as follows:

[Egn.4.4]
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The symbol @ represents the normal probability density function.
Hurdle 2: Negative binomial regression model

After deciding to own livestock, smallholder farmers face the task of determining the number
of animals to own. This decision involves distinct, quantifiable choices. To analyze models
with count data as the dependent variable, various methods like Poisson regression and zero-
inflated Poisson model (Thinda et al., 2020; Adeagbo, 2021) and truncated regression models

(Bodhisuwan et al., 2021), have been utilized.

The study utilizes a zero-truncated negative binomial regression model (ZTNB) to determine
the determinants affecting the livestock herd intensity, quantified as Tropical Livestock Units
(TLU). The ZTNB model was chosen because it can handle zero counts in livestock data and
effectively describe overdispersion, a prevalent characteristic in count data (Bodhisuwan et al.,
2021). Regression models using a Poisson distribution assume equal mean and variance, but
count data often have variance more extensive than the mean. To address this, regression
models based on negative binomial distribution ‘and its generalizations are more suitable
(Hardin and Hilbe, 2015).

When Yi, i=1,2., nis a count variable following-a discrete probability function Pr(Yi = yi),
and k + 1 values are removed, a left-truncated distribution is observed with a given probability

function;

pPr(Yi=y; fi
fie (6) =Pr Pr (Y = yilY; > k) = 20220 = 00, [Eqn.4.5]

From Eqn 4.5, f; (Y;) denotes the truncated probability function above k, f(y;) = y;represents
the probability function of Y; (a random variable), and F(k) denotes the distribution function
assessed at k. Zero truncation (k = 0) is prevalent in count models. Grogger and Carson (1991)

introduced a Poisson distribution for zero-truncation;

e_’“/ﬁ/i e_lil?]i Ag’i
(1-F, @)~ yi(1—e7%) ~ yi(e7hi-1) [Eqgn. 4.6]

Pr Pr (Yl :yilyi > 0) =
y

From Eqn 4.6, the value of Yi = 0 is omitted, A; =exp (x'l-,B),i =1,2,...,nis the average of
the Poisson distribution, S is a vector of parameters with dimensions k x 1, xi is a vector of
covariates with dimensions 1 x k, and F, (0) = (1 — e =) represents the distribution

function at 0. The condition mean and variance of Y;j are as follows:
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-1

E(YIX, Y > 0) = 4[1 = F, (0], = A1 — e [Eqn. 4.7]

Ai Aie~ M
Var(Y1X, ¥, > 0) = E(GIX, Y > 0) X [1 = F, (QEIX, ¥, > 0)], = iz [1 - 2]

[Eqn. 4.8]

When dealing with over-dispersed data, the estimates of regression parameters in the truncated
Poisson model may be biased and inconsistent. To address this issue, a suitable approach is to
use a mixture model with an over-dispersed distribution, such as the negative binomial
regression model, which is a gamma Poisson mixture model. The distribution of the zero-

truncated negative binomial model is as follows:

r(y+= oyt
Pr Pr (YL = yilyi > 0) = r(y(-l_yl—l-;;(gl)(oc Al’)yi X (1+0< Al) (yi+°<)[1 - FNB(O)]_l [Eqn

4.9]

(o)

F(yi+1)r(§)[1—(1+ocli)_§]

1
(o 4;)Yt X (T Ai)‘(yi+;) [Eqgn. 4.10]

1
From Eqgs 4.9 and 4.10, Fy(0) = (1+e A;)7, >0 represents the distribution function at

0. The mean and variance of Yi for the given distribution are specified as follows:

A 1471
E(YiIX,Y; > 0) = 4[1 - F, (0], = 4 [1 — (14« Ai)‘&] [Eqn. 4.11]
AX: Y - 1+ XY .
Var(Y|X, Y, > 0) = E(Y{|X;Y;>0)[1 [[;NB ((g))]]o( E(YlIXl,Yl>0)], _ Ai ~ [1+0< A —
NEB 1—-(140cd;)
177t
S [Eqn. 4.12]
1-(1+xA;) "=

v Measuring livestock numbers: Tropical Livestock Unit (TLU)

Smallholder farmers can own various types and sizes of livestock, necessitating a method to
quantify and compare them. The Tropical Livestock Unit (TLU) was employed to measure
livestock herd intensity. The TLU was established to standardize various livestock types and
sizes, with 1 TLU equaling an animal (cow) weighing 250kg (Leweri et al., 2021). In Africa,
commonly used TLU values are assigned as follows: cattle=0.7, goat=0.1, sheep=0.1,
chicken=0.01 and pig=0.2 (Mkonyi et al., 2017; Rothman-Ostrow et al., 2020; Abay and
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Jensen, 2020; Leweri et al., 2021). Following this established convention, the present study
applied the same TLU values to measure the many livestock categories using a standardized

unit. The computation of TLU values is achieved using the following arithmetic formula:

TLU = Cattle X 0.7 + goats X 0.1 + sheep X 0.1 + chicken x 0.01 + pigs x 0.2 [Eqn.
4.13]

The computed TLU values were rounded to the nearest whole number to enhance clarity and
avoid excessive precision, which might not be practically meaningful in livestock ownership.
Rounding off the TLU values to the nearest whole number was also beneficial in the Zero
truncated negative binomial regression model. Count data, such as livestock ownership
represented by TLU, are inherently discrete, and using non-rounded values could introduce
unnecessary noise and complexity in the model. This simplification maintains the
appropriateness of the count model and facilitates the interpretation of coefficients and results
from the analysis. Table 4.2 summarises the variables employed in the double hurdle model

and their hypothesised signs.

Table 4. 2: Descriptions of Variables used in.the.Double hurdle model and expected signs

Expected sign

Variables Description Measurement Livestock Livestoc
ownership k  herd
decision intensity

Dependent Variable

Y1 Hurdle 1: Decision to own livestock Binary: 1=own
livestock, O=otherwise

Y2 Hurdle 2: Livestock numbers in Tropical Count
livestock units

Independent
variables

Climate variability

Temperature Average annual temperature Degrees Celsius (°C) + +

Precipitation Average annual precipitation mm + +

Human Capital

Gender Gender of household head Binary + +
(1=male;0=female)

Age Age of household head Continuous (Years) +/- +/-

Education Education of the household head Continuous (Years) +/- +/-
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Household size

Climate information  Early access to climate information Binary: l=yes, + +
0=otherwise

Social Capital

Farm group Membership in farm organization Binary (1=member + +

;0=non-member)

Traditional Religion of the household head Binary: 1=traditional + +
religion, O=otherwise

Natural Capital
Farm size Size of arable land Continuous (ha) + +

Financial Capital

Income diver The number of income streams in a Continuous + +
household
Credits Access to credits Binary: l=yes, + +
0=otherwise

Physical Capital

Housing structure Type of housing/ dwelling Binary; 1= Formal; + +
O=traditional

4.4 Results and Discussion

A comprehensive account of the household characteristics surveyed and the independent
variables employed in the model can"bel found in section3:4.1 of Chapter 3. Hence, the
following section delves into the dependent variables utilized in the model, followed by the

results and discussion of the factors affecting livestock ownership and herd intensity.

4.4.1 Distribution of livestock ownership and herd intensity

Table 4.3 presents an overview of the representation of the dependent variables employed in
the model. The findings indicate that 83% of the smallholder farmers were involved in livestock
ownership. No statistically significant variation was observed in the choice to own livestock
among the selected districts. The findings reveal that the average possession of tropical
livestock units (TLU) per livestock farmer is roughly nine. Nevertheless, a notable and
statistically significant disparity (with a magnitude of 1.73) becomes apparent when examining
the livestock numbers owned by livestock farmers in the chosen areas. Interestingly, when
considering this particular context, it becomes evident that livestock owners in the OR Tambo
district demonstrate a more significant amount of livestock ownership than their counterparts

in the Amathole district.
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Table 4. 3: Livestock ownership decision and herd intensity

Dependant Description Districts
variables
Pooled Amathole OR Tambo Mean difference
Mean (Std. Mean  (Std. Mean  (Std. (t-test)
Err) Err) Err)
Own 1 if household 0.83(0.02) 0.82 (0.02) 0.83(0.03) 0.01 (0.03)
Livestock owned livestock, 0
(n=600) otherwise
TLU Livestock quantity 9.46 (0.26) 8.84 (0.32) 10.59 (0.42) 1.76(0.53) ***
(n=495) expressed in TLU

Note: standard errors in parenthesis; *** indicate significance at a 1% significance level

The disparity in livestock average numbers between different districts may be attributed to
climatic and geographic factors. As stated earlier, the OR Tambo district benefits from a
climate more suitable for agricultural activities. This environment creates favourable
conditions for cultivating livestock feed, leading to a larger supply of sustenance for livestock.
Consequently, this leads to a rise in the guantity of animals owned in the area. On the other
hand, the Amathole district faces challenges vassociated with a moderately arid climate
characterized by extended periods of drought. This sttuation can result in a scarcity of adequate
livestock feed. Nevertheless, it is essential to acknowledge that.these discrepancies may also

arise from complex socio-economigciissues intricately linked to the environment.

4.4.2 Factors influencing livestock ownership and herd intensity

4.4.2.1 Double Hurdle Model diagnosis: multicollinearity and heteroscedasticity

Wooldridge (2016) suggests that when estimating regression outcomes, it is preferable to have
a minimal correlation between explanatory variables. The explanatory variables were assessed
for multicollinearity and heteroscedasticity. Wooldridge (2016) proposes using variance
inflation factors (VIFs) to detect multicollinearity, recommending a VIF below ten as
acceptable. The VIFs were calculated for all explanatory variables in the model. The average
VIF for explanatory variables is 2.82 and less than 10. Thus, it was concluded that there's no
significant evidence of multicollinearity (refer to Appendix Al). In addition, robust standard
errors were employed to control possible issues of heteroscedasticity.
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4.4.2.2 Factors Influencing Livestock Ownership Decision

Table 4.4 presents the parameter estimation from the Probit model. The model results show
that the LR chi-square statistic is 106.53, and the p-value associated with this is 0.000,
providing compelling evidence to reject the null hypothesis that all coefficients in the model
are zero. This suggests that one of the predictors in the model significantly contributes to
explaining the variation in the dependent variable. The Pseudo R-squared value of 0.1906
indicates that the models have a much better fit to the data than the null model (baseline model).
In addition, the assumption of a normal distribution of error terms was checked and it was
shown that there was a tiny deviation from normality. Nevertheless, the absence of normalcy
does not present any issues (Pek et al., 2018; Knief and Forstmeier, 2021), considering the
substantial sample size of 600. In this study, the explanation of the Probit model outcomes
focuses on the marginal impacts of individual variables on the likelihood of livestock
ownership rather than the coefficients themselves. The preference for marginal effects is
attributed to the increased interpretability of marginal effects compared to coefficients, as

advocated by previous academic studies like Kabubo-Mariara (2008) and Thinda et al. (2020).

> Gender of household head

The analysis reveal a noteworthy and statistically significant negative correlation between the
gender of the head of the household and the propensity to engage in livestock ownership, which
is significant at the 5% level. The outcomes indicate that a positive unit change in favour of a
male household head reduces the likelihood of owning livestock by approximately 7%, holding
other variables in the model in their means. In essence, the results suggest that, within the study
area, households led by male heads are less likely to make the first decision to own livestock
than their counterparts headed by females. These divergent ownership preferences can be
attributed to the limited opportunities for off-farm work available to females and their restricted
access to crucial resources such as land. Consequently, females gravitate towards livestock
production for economic agency and livelihood diversification in pursuit of enhanced economic
autonomy. This observation aligns with analogous findings previously reported by Dossa et al.
(2008) and Maonga and Mapemba (2014).
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Interestingly, these outcomes contradict the conclusions reached by Desiere et al. (2015) and
Maziya et al. (2020), whose research has suggested that males typically dominate the domain
of livestock production. These conflicting findings underscore the complexity of the gendered
dynamics underlying livestock ownership decisions, which can be contingent on a myriad of
socio-cultural, economic, and geographical factors. In light of these findings, it becomes
increasingly evident that gender is pivotal in shaping the landscape of livestock ownership

within the study area.

> Education of household head

The findings indicated a significant negative association between the education of the head of
the household and the probability of livestock ownership at a 1% significance level. The results
suggest that adding a year to the household head's education reduces the likelihood of owning
livestock by 16%, holding other variables in the model within their means. The association
between education and smallholder farmers' livestock ownership decision can be explained by
the fact that education broadens the scope of opportunities and offers more favourable
prospects compared to owning livestock (Maonga and Mapemba, 2014). The findings of this
study are consistent with those of Kabubo-Mariara's (2008) research in Kenya, which showed
a negative relationship between educational attainment and the likelihood of owning livestock.
The findings of this study challenge the: prevailing belief that-higher education promotes the
adoption of livestock ownership’ by “enhancing‘individuals' understanding and access to

pertinent information related to livestock production.

> Household size

Household size was negative and significantly correlated with the decision to own livestock, at
a 1% significant level, holding all other variables in the model in their mean. The results suggest
that an increase in household size reduces the likelihood of owning livestock by 2%. A bigger
household size makes more family labour available (Ansah et al., 2015) for agricultural
purposes. However, household labour can be redirected to off-farm activities that create
revenue to alleviate the consumption pressure caused by the increased household size. This
indicates a scarcity of labour for animal production, which may not result in immediate
financial gains (Salamula et al., 2017). This is in line with the findings by Offor et al. (2018)
and Salamula etal. (2017) in Nigeria and Ghana, respectively, where household size negatively
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influenced smallholder farmers' livestock-rearing decisions. The results contradict the studies
by Joshi et al. (2020) and Emaziye et al. (2021), who suggest that large household size
encourages livestock-rearing decisions as it provides labour for livestock herding and

management.

> Membership in farming organizations

Membership in the farming organization was a significant predictor variable at the 1% level
and was positively correlated with the decision to own livestock. This finding indicates that
smallholder farmers affiliated with farming organizations exhibit a 16% higher likelihood of
livestock ownership than their counterparts who are not affiliated with such organizations,
keeping all other variables in their mean. Farm organizations can allow smallholder farmers to
exchange knowledge regarding livestock management, experiences, markets, and the
advantages of livestock production. This may serve as an incentive for individuals who are not
already involved in livestock farming to participate in animal production. The findings of this
study align with existing literature that posits that joining a farm organization improves
decision-making within farming households and,encourages farmers to adopt effective farm

management methods (Ma et al., 2023).
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Table 4. 4: Double hurdle model estimates of the factors influencing livestock ownership and herd intensity

1%t hurdle: ownership decision

2" hurdle: Intensity of ownership

Variables Coef. (R. Std. Err.) P>z dy/dx (R.Std. Err.) P>z Coef. (R.Std. Err.) P>z dy/dx (R.Std. Err.) P>z
Gender -0.33(0.14) 0.014**  -0.07 (0.03) 0.017** | 0.13(0.07) 0.063* 1.23 (0.67) 0.067*
Age 0.00 (0.01) 0.792 0.00 (0.00) 0.792 0.00 (0.00) 0.979 0.00 (0.03) 0.979
Education -0.83 (0.14) 0.000***  -0.16 (0.03) 0.000%** | -0.14 (0.10) 0.162 -1.27 (0.91) 0.163
Hhsize -0.09 (0.03) 0.007***  -0.02 (0.01) 0.007*** | -0.01 (0.02) 0.775 -0.05 (0.16) 0.775
Traditional 0.25 (0.14) 0.072* 0.05 (0.03) 0.061* 0.05 (0.07) 0.427 0.50 (0.63) 0.430
Climate info 1.00 (0.27) 0.000***  0.16 (0.04) 0.000*** | 0.20 (0.18) 0.255 1.93 (1.77) 0.275
Farm group 1.04 (0.20) 0.000%**  0.16(0.02) 0.000%** | 0.24 (0.11) 0.024**  2.26 (1.05) 0.031**
Credits Access 0.33(0.27) 0.193 0.06 (0-04) 0.135 -0.03 (0.13) 0.820 -0.26 (1.13) 0.819
Income 0.20 (0.08) 0.015**  0.04(0.02) 0.016** | 0.07 (0.04) 0.099* 0.64 (0.39) 0.099*
Diversification

Farm size 0.00 (0.06) 0.995 000 (0.01) 01995 0.02(0.02) 0.393 0.19 (0.22) 0.393
Housing structure 0.56 (0.17) 0.001***() (0:13/(0-05) 0.005***¢]| -0.01 (0.10) 0.953 -0.06 (0.95) 0.953
Temperature 0.16 (0.07) 0.036**  0.03 (0.01) 0.036** | 0.05(0.04) 0.190 0.44 (0.34) 0.190
Rainfall 0.00 (0.00) 0.576 0.00 (0.00) 0.577 0.00 (0.00) 0.001*** (.01 (0.00) 0.001***
IMR -0.23 (0.53) 0.660 -2.13 (4.85) 0.660
_cons -1.18 (1.26) 0.351 0.15 (0.68) 0.825 0.000 0.000
Number of obs 600 495

LR chi2(13) 106.53 39.78
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Prob > chi2

Pseudo R2

Log-likelihood

/Inalpha

Alpha

LR test of alpha=0: chibar2(01)
Prob >= chibar2

0.000***
0.1906
-225.204

0.0003
0.0128
-1530.70
-1.000 (0.103)
0.368 (0.038)
590.85
0.000%**

Note: *** ** and * indicate significance level at 1%, 5% and 10%; respectively:
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> Religion (Traditional African religion)

The findings indicate a statistically significant and positive relationship between traditional
African religion and farmers' inclination to possess livestock, with a significance level of 10%,
holding all other variables in the model in their mean. The results indicate that transitioning
from different religions to African traditional religions is associated with a 5% increase in the
possibility of owning livestock. The cultural and religious significance of animals in the study
area is responsible for this phenomenon. In the study area, livestock is crucial in several
spiritual rites and ceremonies. As outlined by Shava and Masuku (2019), the African religious
rules about communication and appeasement of ancestors encompassed the ceremonial act of
sacrificing livestock as an offering. Therefore, livestock serves as an intermediary between the
realm of the living and the ancestral spirits; hence, a family must possess livestock to establish
a connection with or appease their ancestors. According to Shava and Masuku (2019), livestock
served as a means of spiritual exchange for establishing a connection with one's ancestors. This
discovery supports the existing body of work that posits the significance of religion and
traditional value systems in influencing the decision-making processes of smallholder farmers
(Davies et al., 2018).

> Access to climate information

The results show a significant positive association between the availability of climate
information and the decision to own livestock, with a significance level of 1%, holding other
variables in the model in their mean. The findings indicate that smallholder farmers with access
to climatic information are 16% more likely to own livestock than their counterparts without
such information. Given the greater resilience of animals in the face of climate change
compared to crops, farmers who possess climate knowledge are more likely to opt for an
agricultural venture that exhibits heightened resilience to the repercussions of climate change,
such as livestock rearing. According to Ogundeji (2022), the provision of climate information
via early warning systems potentially aids in the physical and psychological preparedness of
farmers for forthcoming alterations in climatic circumstances. The significance of access to
climate information in influencing farmers' decision-making has been corroborated in prior
research (Ogundeji, 2022; Ndiritu and Muricho, 2021).
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> Income diversification
The findings indicate a significant positive relationship between income diversification and
livestock ownership, with a significance level of 5%, holding all variables in their mean. The
findings suggest that smallholder farmers participating in various income-generating
endeavours exhibit a 4% higher propensity to choose livestock ownership. Livestock
production necessitates a financial investment to acquire livestock, followed by procuring
production inputs such as vaccines. Consequently, implementing numerous income-generating
streams is expected to enhance farmers' overall income, enabling them to get their initial stock.
Previous studies (Offor et al., 2018; Adetarami et al., 2020) indicate that income might be a
barrier or incentive for smallholder farmers to choose livestock production. The findings align
with the conclusions of Ali and Khan (2013) and Desiere et al. (2015), which suggest that

farmers are more inclined to own livestock when they have access to multiple revenue sources.

> Housing structure

The results demonstrate a positive and statistically significant association between housing
structure and livestock ownership at the 1% significance level. Specifically, households with a
formal housing structure show a 13% higher-likelihood of owning livestock than farms with a
traditional or informal housing structure, holding other variables in the model in their mean.
This correlation between housing!and!livestock' ownership suggests a potential link between
socioeconomic status and agricultural’ choices, wherein better living conditions might indicate
higher financial capabilities and, consequently, more significant investments in agricultural
ventures. Similar conclusions were drawn by He and Ahmed (2022) in China, underscoring the
significance of housing structure in influencing the choice of a purely agricultural livelihood

strategy.

> Average annual temperature

The average annual temperature exhibits a positive and statistically significant association with
the decision to own livestock, significant at the 5% level. The findings suggest that an
increment of one degree in the mean yearly temperature raises the likelihood of smallholder
farmers engaging in livestock ownership by approximately 3% while keeping other variables
within the model in their mean. This trend can be understood in the context of the
vulnerabilities faced by smallholder agriculture, particularly crop production, which is

susceptible to ambient temperature influences. Such temperature fluctuations can significantly
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impact food and nutrition security, potentially prompting rational smallholder farmers to
transition towards agricultural activities better suited to hot conditions, such as livestock

production, as an adaptive strategy.

This observation aligns with the broader perspective that farmers are prompted to make
strategic shifts in their production choices as climatic conditions evolve to ensure continued
livelihood viability. The rationale behind this shift lies in the comparative adaptability of
livestock under warmer conditions, a characteristic that offers a potential solution to the
challenges posed by rising temperatures. This viewpoint is substantiated by earlier adaptation-
focused research conducted across Africa (Seo and Mendelsohn, 2007; Jones and Thornton,
2009; Weindl et al., 2015; Kurukulasuriya and Mendelsohn, 2017). These studies collectively
affirm that as the climate warms, farmers tend to opt for livestock over crop production due to
livestock's better acclimatization under warmer conditions, as opposed to the vulnerabilities

faced by crops.

In summary, the findings indicate that the decision to engage in livestock ownership is
positively influenced by factors such as adherence to African traditional religion, access to
climate information, membership in farm organizations, income diversification, possession of
a formal housing structure, and temperature. Conversely, being female (gender), educational

attainment and household size deter the decision to own livestock.

4.4.2.3 Factors influencing livestock herd intensity

In addition to the diagnostic tests presented in section 4.4.2.1, some diagnoses were made to
test the most suitable model to measure the factors influencing livestock numbers. The test
shows that the data is skewed to the right and not normally distributed (see Appendix B1);
therefore, models like OLS would not fit the data. The over-dispersion test in Appendix B2
shows that the conditional mean of livestock numbers is higher than the variance, suggesting
that over-dispersion is present in the data and Poisson regression is unsuitable. The study
focuses on three count models, specifically the Poisson regression model (PRM), the Negative
binomial model (NBM) and the Zero truncated negative binomial model (ZTNB). Following
Thinda et al. (2020) and Adeagbo et al. (2021), the study used the Bayesian Information
Criterion (BIC) and Akaike Information Criterion (AIC) to ascertain the superior model for

analyzing count data. Appendix C presents the count models' comparison results.
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When considering AIC values, the PRM, NBM, and ZTNB vyield 3682.482, 3110.219 and
3093.402 respectively. Correspondingly, in terms of BIC values, the PRM, NBM, and ZTNB
exhibit values of 3745.551, 3177.492 and 3160.675, respectively. A comprehensive
comparative analysis of AIC and BIC values shows that the ZTNB model outperforms the other
models in analyzing the count data, livestock herd intensity within the smallholder farming
community in the study area. The ZTNB regression model showcases significantly lower AIC
and BIC values than the other models. Consequently, this study delves into the discussion of
the marginal effects of the significant factors influencing livestock herd intensity among
smallholder, as shown by the ZTNB model.

The goodness of fit of the ZTNB model is presented. The findings indicate a likelihood ratio
test comparing a model to a Poisson model with an alpha value of zero. The chi-squared value
associated with the likelihood ratio test for alpha=0 is 590.85, with a probability greater than
or equal to 0.000. This indicates that alpha is not zero, and the negative binomial model is more
suitable than the Poisson model. The likelihood ratio test (LR chi?(14)= 39.78; Prob >
chi?=0.000) and the Log pseudolikelihood =-1493.826 indicate that the model fits the data
better than a null model and is robust. Inaddition, the non-significant result of the IMR
indicates no selection bias issue in the analysis'(Ademe et al., 2017; Zondi et al., 2022).
Therefore, employing a double hurdle model for assessing the factors influencing both the
likelihood and intensity of livestack herd is-deemed appropriate (Zondi et al., 2022)

> The gender of the household head
The findings reveal a positive and statistically significant association between the gender of
the household head and the quantity of livestock owned, significant at the 10% level. These
results imply that, given a situation where livestock ownership is already established,
households headed by men are more likely to own approximately 1.23 units increase in the
expected count of livestock than those headed by women, all other variables in the model
remaining in their mean. This disparity in livestock quantity within female and male-headed
households might be attributed to various factors. Initially, more female-headed households
tend to initiate livestock ownership, possibly driven by economic needs. However, limitations
in accessing resources among female farmers, as suggested by Taruvinga et al. (2022), might
compromise their ability to manage livestock, leading to decreased livestock numbers

effectively.
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Conversely, male farmers seem to have a competitive edge due to better resource access,
enhancing their management practices and resulting in higher livestock numbers, as Maziya et
al. (2020) noted. Additionally, possessing larger herds of livestock could also be linked to
social status among male farmers within their communities. These findings align with prior
research by Offor et al. (2018), supporting that male farmers are more likely to maintain higher

numbers of livestock.

» Membership in farm organizations

The findings indicate a statistically significant positive correlation between membership in
farm organizations and the quantity of livestock owned, significant at a 5% level. This suggests
that, among households already engaged in livestock ownership, being part of a farm
organization is linked to 2.26 units increase in livestock numbers while keeping all other
variables constant within the model. This indicates that being part of farm organizations is
associated with more livestock within livestock-owning households. This could imply that
membership offers benefits like shared knowledge; resources, or cooperative practices that
positively influence livestock management and.lead to larger herds or more animals per
household. The dual positive correlation:highlights the potential role of farm organizations in
influencing both the initiation of livestock ownership and the herd intensity in livestock rearing
among participating households. These organizations might serve as valuable platforms for
sharing best practices, accessing resources, or receiving support that enhances the decision-
making process and the efficient management of livestock. The results reinforce the suggestion
by Birhanu et al. (2017) on the benefits of membership in farm organizations in improving
farm activities. Moreover, a review that examined the effect of farm organizations on
smallholder agriculture in Africa (Bizikova et al., 2020) highlights the strong relationship

between membership in farmers' organizations and the productivity of smallholder agriculture.

> Income diversification

The results reveal a statistically significant positive relationship between income
diversification and livestock numbers among smallholder livestock farmers at the 10%
significance level. It suggests that an additional source of income among livestock farmers is
associated with 0.64 units increases in livestock numbers, keeping all variables in their mean.
This association implies that having a diverse income portfolio enables these farmers to gain
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the financial capacity to invest in and manage a larger herd or more animals within their
households. These results underscore the crucial role of income diversification in the decision-
making process related to livestock ownership and in the scaling up of livestock-rearing
practices among farmers who already engage in this activity. Diversifying income sources
enhances these households' resilience against economic fluctuations and strengthens their

financial capability to expand and intensify livestock production.

> Average annual precipitation

Precipitation positively correlated with livestock numbers at a 1% significance level. This
suggests that conditional on livestock ownership, a unit increase in precipitation increases the
chance to increase livestock numbers by 0.01 units, holding other variables in their mean. This
implies that as precipitation increases, there is a corresponding increase in the number of
livestock kept by farmers. However, a noteworthy finding emerges when examining the
magnitude of this relationship. The magnitude change for precipitation is almost negligible,
indicating that a unit increase corresponds to.asminimal change in livestock numbers among
smallholder farmers. The observed positive association between precipitation and livestock
numbers aligns with theoretical expectations, implying that increasing precipitation enhances
livestock numbers by improving feed availability during the dry season, reducing mortality and
boosting birth rates, ultimately resulting in higher livestock numbers (Rojas-Downing et al.,
2017). The marginal effect estimates of 0.01 for precipitation may indicate that farmers'
decisions are not strongly driven by precipitation variability. Previous studies conducted in
Africa have presented the positive effect of precipitation on livestock numbers (Kgosikoma
and Basitani, 2014; Emediegwu and Ubabukoh, 2023). Similarly, Kabubo-Mariara (2008) in
Kenya also observed that precipitation has a meagre influence on farmers' decisions regarding
livestock ownership and concluded that temperature has more influence than precipitation on

farmers' decisions regarding livestock production.

In conclusion, the study indicates that contingent upon the initial decision to own livestock,
male-headed households affiliated with farm organizations, possessing multiple income
streams, and situated in areas with high average annual rainfall are more likely to exhibit higher
livestock numbers. These identified factors shed light on the nuanced aspects influencing the

magnitude of livestock ownership among farmers in the study area.
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4.5 Chapter Summary

This chapter has evaluated the factors influencing farmers' livestock ownership and herd
intensity in the study area. The main findings were that livestock ownership is a prevalent
practice among farming households in the study area, with 83% owning livestock, averaging
about 9.5 livestock units per household. The decision to own livestock is influenced positively
by factors such as adherence to African traditional religion, access to climate information,
membership in farm organizations, income diversification, possession of a formal housing
structure, and high average temperature. Conversely, being male, having higher educational
attainment, and having a significant household size act as deterrents to the decision to own
livestock. Furthermore, once the decision to own livestock is made, the livestock herd intensity
is positively influenced by factors such as being a male-headed household affiliated with farm

organizations, having multiple income streams, and high average annual precipitation.

4.6 Conclusion

The study concludes that human capital; social'capital, financial capital and environmental
factors play a significant role in the decision to-own livestock and the subsequent livestock
herd intensity. The significance of household capital in determining livestock ownership
suggests that farmers' capabilities“and' ‘resources’are ‘critical to their decision-making.
Furthermore, farmers appear to adapt to environmental changes, such as shifting temperature
patterns, by opting for livestock as a more suitable and sustainable choice. Once engaged in
livestock production, precipitation becomes a significant factor influencing the herd intensity,
likely due to its impact on forage availability and water resources. Overall, the study concludes
that decision-making among smallholder farming systems is a complex interplay between
household capital and environmental factors, highlighting the need for holistic approaches to

sustainable agricultural development.

4.7 Recommendations

The study highlights the importance of understanding the various factors influencing livestock
ownership and management among farming households. It suggests that tailored intervention
strategies should be implemented to address these determinants, focusing on promoting
inclusivity, particularly regarding gender disparities. Providing educational support and

resources, enhancing access to climate information, and encouraging participation in farm
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organizations are recommended. Additionally, innovative approaches are needed to promote
livestock ownership in larger households and financial support mechanisms to help farmers
diversify their income sources. Collaboration with meteorological institutions is suggested to
improve climate information accessibility. As temperatures rise, livestock production could be
a more viable adaptation option than crops. Managing household resources and developing
climate-resilient guidelines are also recommended to ensure sustainability in livestock

practices amidst changing environmental conditions.
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CHAPTER 5: EFFECT OF CLIMATE FACTORS ON LIVESTOCK
SPECIES AND BREED CHOICES AMONG SMALLHOLDER
FARMERS IN THE EASTERN CAPE, SOUTH AFRICA

Abstract
Mounting evidence underscores climate change's persistent impact on resource-poor

smallholder farmers heavily dependent on climate-sensitive resources. This influence extends
to livestock production, prompting fundamental changes in the types of livestock maintained
or raised within rural farming households. Nonetheless, ambiguity prevails concerning the
decision-making processes of these farmers in response to shifting temperature and
precipitation patterns. Employing the Multivariate Probit model (MVP), this study investigates
how climate factors affect smallholder farmers' choice of livestock species and breeds. A multi-
stage sampling method identified 495 smallholder livestock farmers, with household-level data
gathered via a semi-structured questionnaire. Long-term geo-referenced averages of climatic
data augmented the household dataset. The findings revealed that a higher long-term average
temperature is associated with a greater probability of smallholder farmers preferring goats
over cattle. Likewise, higher long-term average.precipitation increases the likelihood of

farmers preferring goats and chickens over cattle.

The findings revealed that with higher long-term-average temperature, cattle farmers are more
likely to reduce their preference for,.Brahman breeds compared to Non-descript cattle breeds.
In contrast, with higher long-term average precipitation, farmers are more likely to reduce their
preference for Bonsmara breeds first, followed by Nguni and Non-descript breeds.
Additionally, with higher long-term average temperature, sheep farmers are more likely to
prefer Doper sheep breeds over Dohne Merino sheep breeds. These climate variables influence
livestock species and breed preferences, even after adjusting for household characteristics. The
study recommends promoting climate-resilient livestock species and breeds to support
smallholder farmers' adaptation. As temperatures rise, policies should enhance goat production
and encourage heat-tolerant cattle and sheep breeds. With increased precipitation favoring
goats and chickens, investment in small livestock is crucial. Adaptive breeding programs
should prioritize resilient cattle and sheep breeds, while climate-informed livestock
management strategies should be integrated into extension services to enhance farmer

resilience.

Keywords: Climate factors, species choices, breed choices, smallholder farmers, MVP
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5.1 Introduction

South Africa has experienced substantial climate changes in the last fifty years, with the
average annual temperature rising by around 1.5 times more than the global mean of
0.65°C(DEA, 2013; Kruger and Nxumalo, 2017). The eastern parts of South Africa have
experienced decreasing precipitation since the 1960s (Kruger and Nxumalo, 2017) and
increased frequency of multi-year agricultural droughts during the late 1970s-2017 (Blamey
etal., 2018). There is growing evidence that climate change continuously affects agriculture,
especially the resource-poor smallholder farmers who depend heavily on climate-sensitive
resources. As such, previous adaptation studies (such as Jones and Thornton, 2009; Havilik et
al., 2014; Kurukulasuriya and Mendelsohn, 2017; Gkosikoma et al., 2018) have shown that as
climate warms, farmers tend to choose livestock over crop production because livestock adapts

to areas where crop production is unproductive.

Literature (Zhang et al., 2017; Rojas-Downin et al., 2017; Bernabucci, 2019; Lacetera, 2019;
Wolfenson and Roth, 2019) on the influence of climate change on livestock farming presents
evidence that increasing temperature, rainfall variation, and their combination affects livestock
directly and indirectly. The direct effects of 'climate change are visible in animal reproduction,
production, health, and growth. On the ‘other hand, the indirect effects of climate change
manifest in the availability ofiwater, pasture, and forage quality.and the spreading of livestock
parasites and diseases. Therefore,’ climate’ change impliescchanging conditions for livestock
keeping (Odozi and Ashagididbi, 2017). Such changes come with outcomes such as the death
of animals, low livestock productivity, low profitability, and low income. Consequently, it
comes with challenges of structural changes in the type of livestock kept or reared by rural
households (Sejian et al., 2016; Odozi and Ashagididbi, 2017). Weindl et al. (2015) indicate
that the productivity and revenues of rangeland animals are still expected to be compromised
over the coming decades. Thus, recurring economic losses in smallholder livestock systems are
increasing livelihood and food insecurity risks of many smallholder livestock households in
Africa (Lamy et al., 2012; Escarcha et al., 2018).

In the dynamic landscape of smallholder livestock farming in Africa, including South Africa,
the impact of climate factors on livestock choices has become a focal point of research and
concern. As climate change continues to exert its influence, manifesting in shifts in temperature
patterns and alterations in rainfall dynamics, the resilience and adaptability of livestock species

and breeds take centre stage in the sustainable practices of smallholder farmers (Margersa et
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al., 2014). The Eastern Cape, characterized by its unique ecological and climatic conditions,
provides an intriguing backdrop for examining the intricate relationship between climate
factors and the choices made by smallholder livestock farmers regarding the selection of

livestock species and breeds in response to climate change.

Livestock farming is a source of livelihood for these smallholders and a vital component of the
agricultural sector that contributes significantly to local economies (Mmbengwa et al., 2015).
Understanding how climate factors influence farmers’ preferences and decisions regarding
livestock species and breeds is crucial for devising adaptive strategies and policies that ensure
the viability and sustainability of smallholder livestock farming in the Eastern Cape Province.
This exploration delves into the multifaceted interplay between climate dynamics and the
intricate web of considerations that govern the choices made by smallholder farmers, shedding
light on the challenges faced and the adaptive measures taken to secure the livelihoods of these
communities. While the existing body of research acknowledges the vulnerability of livestock
systems to climate variability, there remains a critical knowledge gap regarding the nuanced
decision-making processes of smallholder farmers'in selecting livestock species and breeds in
response to changing climatic conditions. This research seeks to address this gap by examining
the multifaceted influence of climate factors on the preferences and choices made by

smallholder livestock farmers.

There is inconsistency in the ‘literature -on the ‘influence  of environmental conditions,
temperature and rainfall patterns on farmers’ decisions to choose a livestock species. While
other studies (Banerjee et al., 2014 and Fereja, 2016) state that livestock keepers select
livestock species keeping in mind the needs and prevailing agro climate in the region, others
(such as Cuni-Sanchez et al., 2018) suggest that smallholder farmers who have traditionally
relied on livestock may choose to stick with their current livestock type even during extreme
climate event instead of adapting by changing the species and breed of animals. In addition,
despite the diverse climatic conditions in the Eastern Cape Province of South Africa,
smallholder farmers are facing challenges in selecting livestock species that can thrive in the
context of climate change. This is evidenced by the decrease in livestock production during
periods of droughts and floods, highlighting the vulnerability of current livestock species to

changing climate conditions.

This chapter addresses these research gaps and contributes to the existing debate on the effects

of climate change on smallholder farmers' production decisions. This chapter explicitly
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explores how climate variables affect farmers' decisions regarding selecting different livestock
species and breeds. Understanding how climate factors influence these decisions can reveal
essential adaptation strategies for smallholder livestock producers. The study proposes that
selecting species and breeds in livestock management is a way of adapting to climate change,
as indicated by Kabubo-Mariara’s (2008) study. While climate factors play a significant role,
the decision-making process is also influenced by socio-economic factors. Therefore, this
chapter primarily examines climate conditions but also takes into account socio-economic
aspects that impact decisions related to livestock species and breeds, in line with previous
research by Seo and Mendelsohn (2008), Seo et al. (2010), and Kabubo-Mariara (2008).

5.2 Literature review

5.2.1 Effect of climate factors on livestock species and breeds selection choices

Beyond the temperature and rainfall| influence ‘farmers’ decision to engage in livestock
production (as presented in Chapter 4), these ¢limate variables also affect farmers’ decisions
on the specific type of livestock species and breed-to rear in their herd (Fereja, 2016). Some
modelling studies on livestock farmers' choices under climate change were done in Africa
(including Seo and Mendelsohn;12008; Kabubo-Mariara, 2008; Taruvinga et al., 2013; Odozi
and Ashagidigbi, 2017), America (Seo and Mendelsohn, 2007; Seo et al., 2010; Zhang et al.,
2011; Zhang et al., 2013) and Asia (Ou and Mendelsohn, 2017). These studies suggest that
shifting livestock species' choices as temperature and rainfall change is a potential adaptation
option for livestock farmers. Basurto-Hernandez et al. (2018) highlight that since farmers are
considered to have already adapted to current climate conditions, it is essential to understand
how climate changes would modify livestock farmers' choices. The study reviewed research
that evaluated the impact of climate change on livestock selection, as shown in Table 5.1. Only
studies that primarily focused on the influence of climate variables on the farmers' decision to
select a livestock species or breeds were included in the review. Table 5.1 shows limited studies
addressed this subject, with only eleven global studies identified. The majority of these studies

were multi-country studies with few national studies.
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5.2.1.1 Effect of temperature on livestock species choice

The impact of rising temperatures on farmers' decisions regarding livestock species varies
across and within regions, as evidenced by several studies. In Latin America, a multi-country
study conducted by Seo and Mendelsohn (2007a) revealed that the likelihood of choosing
chicken and beef cattle decreases when mean temperatures exceed 18°C. In contrast, dairy
cattle and sheep are more likely to be selected under these warmer conditions. Seo et al. (2010)
noted a parallel pattern in South America, where farmers opted less for beef cattle and chickens
in hotter climates, showing a preference for dairy cattle, pigs, and sheep. While Latin America
and South America exhibit parallel trends, a study in Mexico by Basurto-Hernandez et al.
(2018) introduces regional variability, suggesting a decline in the preference for cattle and
poultry as temperatures rise. This emphasizes the significance of considering local climatic
conditions and agricultural practices when analyzing the impact of temperature on livestock

choices.

Multi-country studies in Africa by Seo and Mendelsohn (2007b, 2008) unveiled contrasting
patterns to that of America. As temperatures increase, there is a diminished preference for beef
cattle and chickens, with an increased preference for small ruminants such as sheep and goats.
Seo and Mendelsohn (2007a) explained these differences, proposing that the generally hotter
climate in Africa makes the warming effect more detrimental to African beef cattle than their
counterparts in Latin America. Unlike .atin American-locations, the observed preference for
sheep in hot African locations (Seo and Mendelsohn, 2007a) underscores the importance of
local adaptations. Livestock choices are shaped by regional climate patterns and specific local

conditions, including temperature variations within a given region.

Within the African region, differences in livestock species preferences in response to increasing
temperatures exist across nations. For instance, in Kenya, Kabubo-Mariara (2008) found that
as temperatures rise, the choice of beef cattle declines, and there is a shift towards selecting
more resilient livestock species, such as dairy cattle, goats, and chickens. In Nigeria, Odozi and
Ashagidigbi (2017) observed a different trend, with a decline in the preference for dairy cattle
in favour of beef cattle, poultry, and small ruminants as temperatures increased. These
variations highlight the influence of local climate patterns, market demands, and the
adaptability of specific livestock species on farmers' decisions. In South Africa, Taruvinga et
al. (2013) proposed that a diversified livestock portfolio, including goats, dual-purpose
chickens, layers, donkeys, and ducks, becomes more favourable as temperature increases. This
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diversification underscores a strategic response to climate change, emphasizing the importance
of considering a mix of livestock species with varying degrees of resilience to temperature

fluctuations.

The differences in livestock species preferences in response to increasing temperatures within
the African region, as observed across nations like Kenya, Nigeria, and South Africa, highlight
the importance of considering local contexts and varying climate conditions and underscore
the importance of local adaptation strategies. Climate conditions, agricultural practices, and the
socio-economic context can vary widely between countries, influencing farmers' choices in

livestock species.
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Table 5. 1: Synthesis of basic information of the reviewed studies regarding climate factors' influence on livestock choice

No Author (s) and year Study area Data Empirical model Findings
1 Seo and Mendelsohn Africa 9000 African livestock multinomial logit model (MNL), Increase in temperature: Farmers transition from raising beef cattle and chickens
(2007b) farmers an optimal portfolio, multivariate to raising sheep and goats.
probit. Increase in rainfall: farmers transition from raising sheep and cattle to chicken
and goats
2 Seo and Mendelsohn Africa over 5000 livestock Multinomial logit Increase in temperature: farmers transition from raising beef cattle to raising
(2008) farmers sheep and goats
Increase in rainfall: farmers transition from raising sheep and cattle to raising
chicken and goats
3 Kabubo-Mariara (2008) Kenya 722 households (mixed)  Probit, Multivariate Probit Model Increase in temperature: farmers transition from raising beef cattle to raising dairy
(MVP) cattle, chicken and goats.
Increase in rainfall: farmers transition from raising dairy cattle, goats and chicken
to beef cattle
4 Seo et al. (2009) Africa Logit; OLS, MNL Increase in temperature: farmers transition from raising sheep and dairy cattle to
raising chicken, beef cattle, and goats.
Increase in rainfall: farmers transition from raising sheep and dairy cattle to
raising beef cattle, goats and chicken
5 Taruvinga et al. (2013) South Africa 1484 small-scale Probit model Farmers adopt goats, dual-purpose chickens, layers, donkeys and ducks as
farmers temperature increases.
Increase rainfall: farmers adopt beef cattle, goats, dual-purpose chicken and
donkey
6 Odozi and Ashagidigbi, Nigeria 1700 farm households MVP: Increase in temperature: farmers transition from raising dairy cattle to raising beef
2017 cattle, poultry and small ruminates.
Increase in rainfall: farmers transition from small ruminants to beef cattle, dairy
cattle and poultry.
7 OU and Mendelsohn ASIA Not Logit, OLS, multinomial legit Increase in temperature: farmers transition from ducks to buffalo and goats.
(2017) Increase in(precipitation: farmers transition from buffalo, dairy cattle, and duck to
goats
8 Seo et al. (2010) South America 1300 livestock farm multinomial Togit model\(MNL) Increase in temperature: Farmers transition from raising beef cattle and chicken to
raising dairy cattle, pigs and sheep.
Increase in rainfall: farmers transition from raising sheep and beef cattle to raising
dairy cattle, chicken and pigs.
9 Seo and Mendelsohn ( Latin America 1278 raised livestock Multinomial logit model (MNL) Increase in temperature: Farmers transition from raising beef cattle and chicken to
2007a) raising dairy cattle and sheep, and there is an undefined direction in the choice of
pigs.
Increase in rainfall: Farmers transition from raising beef cattle to raising dairy
cattle, and there is an undefined direction of choice for chicken, sheep, and pigs.
10 Zang et al. (2013) USA Not specified MVP Increase temperature (heat stress): farmers transition from Bos taurus and
composite breeds to Bos indicus cattle breeds
11 Basurto-Hernandez et al. Mexico 168,265 Multinomial Logit (MNL) and Increase temperature: farmers drop cattle and poultry

(2018)

Nested Logit

Increase precipitation: farmers adopt cattle and poultry
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5.2.1.2 Effect of precipitation on livestock species choice

Seo and Mendelsohn (2007a) and Seo et al. (2010) conducted multi-country studies in Latin
America and South America, respectively, revealing a consistent trend. As rainfall increases,
farmers in these regions shift their preference from beef to dairy cattle. Interestingly, the
choices of chicken, sheep, and pigs exhibit a nuanced response, initially declining and
subsequently increasing. This intricate pattern underscores the need for a detailed examination
of the multifaceted factors influencing farmers' decisions in response to changing precipitation
conditions. Building upon the Latin American findings, Basurto-Hernandez et al. (2018)

conducted a study in Mexico.

Contrary to the observed patterns in Latin and South America, increased precipitation in
Mexico prompts farmers to adopt cattle and poultry. This deviation underscores the regional
variability in farmers' responses to precipitation, highlighting the importance of localized
studies to capture specific nuances. OU and Mendelsohn's (2017) investigation in Asia
introduced another layer of complexity. The study suggested that increased precipitation leads
farmers to switch from buffalo, dairy cattle, and ducks to goats. This divergence from the Latin
American patterns emphasizes the need for, region-specific analyses and the consideration of

local agricultural practices that shape livestock preferences.

Turning the attention to Africa, Seotand Mendelsohn!(2007b) 2008) presented multi-country
studies illustrating that, as precipitation increases, farmers in Africa tend to shift from sheep
and cattle to raising chickens and goats. This parallels the Latin and South American trends,
suggesting a shared preference for smaller livestock species in wetter conditions. However, a
detailed examination of specific African countries provides insights into regional disparities.
Kabubo-Mariara's (2008) study in Kenya diverges from the broader African trend. Increased
rainfall in Kenya corresponds to a shift from dairy cattle, goats, and chickens to beef cattle.
This distinctive response highlights the localized nature of farmers' decisions, influenced by
unique agricultural practices and economic considerations. Odozi and Ashagidigbi's (2017)
study in Nigeria contributes to the discussion, indicating that increased precipitation
encourages farmers to transition from small ruminants to beef cattle, dairy cattle, and poultry.
This aligns with the broader African trend, emphasizing the regional coherence in livestock
preferences under changing precipitation conditions. Taruvinga et al. (2013) shed light on

South Africa, reporting that increased rainfall leads to adopting beef cattle, goats, dual-purpose
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chickens, and donkeys. This diversified response underscores the importance of considering a

mix of livestock species that exhibit varying degrees of resilience to precipitation fluctuations.

It becomes evident that while specific trends are consistent across Latin and South America,
Mexico, Asia, and Africa, regional nuances abound. The response to increased precipitation is
not uniform, indicating the intricate interplay of local factors, including economic
considerations, cultural practices, and the adaptability of livestock species to specific climates.
In Africa, the commonality of transitioning from larger to smaller livestock species in wetter
conditions contrasts with the variability observed within the continent. Kenya's preference for
beef cattle under increased rainfall differs from the broader trend, highlighting the importance
of localized studies in capturing region-specific dynamics. Comparatively, the responses
observed in Latin and South America exhibit a certain degree of consistency, emphasizing the
shared preferences for dairy cattle over beef cattle under wetter conditions. However, Mexico
introduces a regional anomaly, showcasing the need for localized analyses to inform tailored
agricultural strategies. Therefore, this review underscores the importance of considering
regional and local variations in understanding the impact of precipitation on farmers' livestock
species choices. It emphasizes the need for context-specific strategies to promote sustainable

and resilient livestock farming in changing climatic conditions.

5.2.1.3 Effect of climate factors on/livestock-breed selection choices

The literature examined in this subsection delves into the intricate relationship between climate
factors, precisely temperature and rainfall, and the choices made by farmers in selecting
different livestock breeds. While existing studies reveal the broader impact of climate on
livestock species preferences, a noticeable gap exists regarding the specific influence of climate
change on breed selection. Zhang et al. (2011) conducted a comprehensive study in Texas,
exploring the effects of climate on cattle breed preferences. Their research incorporated three
essential breeds—Angus, Brangus, and Brahman. Notably, higher summer temperatures drove
farmers toward Brahman, while warmer winters increased the likelihood of adopting both
Brangus and Brahman. A subsequent study by Zhang et al. (2013) delved into the spatial
distribution of cattle breeders in Texas, offering insights into how climate factors impact breed
selection. The findings highlighted the significance of summer heat stress, positively affecting
Bos indicus while adversely affecting Bos taurus and composite breeds. Polsky and von

Keyserlingk (2017) contributed to this understanding by highlighting the susceptibility of

123



temperate Bos taurus breeds in contrast to the hardier tropically adapted Bos indicus cattle and
their hybrids.

Despite these valuable contributions, the literature reveals a scarcity of empirical studies
investigating the nexus between temperature, rainfall, and farmers' choices of livestock breeds.
Recognizing this gap, this review expands its focus to smallholder farmers' preferences in
livestock breeds. Empirical evidence underscores that smallholder livestock farmers commonly
own indigenous breeds, primarily due to their adaptive traits such as tolerance to drought and
resistance to endemic diseases (Banerjee et al., 2014; Chenyambuga and Lekule, 2014; Bowles
et al., 2014; Traoré et al., 2017). Factors such as breed availability and low feed requirements
further contribute to the appeal of indigenous breeds (Desta et al., 2011; Chenyambuga and
Lekule, 2014).

However, it is crucial to acknowledge that indigenous breeds, while well-suited for challenging
environments, exhibit limitations even under optimal conditions, with lower genetic potential
for milk (Marius et al., 2011) and meat production (Mwai et al., 2015). This deficit has
prompted the integration of exotic dairy breeds in<certain regions (Marius et al., 2011). The
decision-making process becomes complex, as:indigenous and exotic breeds present unique
strengths and weaknesses, offering farmers diverse opportunities. Biscarini et al. (2015)
highlight the economic aspect, identifying it as a significant driver for the decline of indigenous
breeds. Economic considerations often favour more productive international transboundary

breeds, leading to a gradual loss of indigenous breeds.

Crossbreeding local and improved genetic resources can increase production features like
higher growth or milk production in favourable conditions (Leroy et al., 2015). However,
concerns arise regarding the adaptability of crossbreds to harsh production environments,
encompassing climate, diseases, and feed availability. The sustainability of crossbreeding
initiatives is further questioned in regions or breeding systems with limited socio-economic
support (Leroy et al., 2015). Silvestri et al. (2012) emphasize the importance of effective
thermoregulatory control in breeds, suggesting that ongoing climate change projections may
necessitate further selection of breeds with enhanced adaptability to harsh conditions. In
summary, this literature review navigates the nuanced interplay of climate factors and farmers'
choices in livestock breeds. While insights have been gained, it underscores the need for more
empirical research to comprehensively understand the impact of temperature and rainfall on

these choices, especially among smallholder farmers.
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5.3 Methods

5.3.1. Conceptual framework

In utility maximization theory and the tolerance range of different livestock species or breeds,
the conceptualization of livestock species and breed choice among smallholder farmers in
response to climate change can be understood as a decision-making process to optimise the
overall utility or benefits derived from various livestock options. Utility maximization theory
suggests that individuals, in this case, smallholder livestock farmers, make choices that
maximize their overall satisfaction or utility. Farmers are likely to consider the utility
associated with each livestock species or breed in the context of livestock selection. The benefit
derived from choosing a livestock species could be high reproductive rates under climate risk,
given that the primary objective of smallholder livestock farmers is herd maximization, as
argued by Ngarava (2019). In addition, benefits such as sociocultural needs, household food
security and improved household income are associated with the inferred reduction in the
downside risk of climate change. The study assumes that the utility derived from a particular
livestock species or breed is influenced by its performance across various temperatures and

rainfall.

As to Mikémina et al. (2018), most smallholder farmers in Africa exhibit risk-averse behaviour.
Therefore, the utility maximization theory in this/study/is/hbased on a risk-averse farmer. A risk-
averse farmer maximizes utility by selecting a livestock species or breed where the benefits of

choosing the animal outweigh the costs, especially in reaction to climate change.

Following Mulwa et al. (2017) and Ojo and Baiyegunhi (2019), the utility function is defined
in Egn (5.1):

&, = G, — ub, [Eqn 5.1]

Where:

®,, represents the utility obtained from selecting cattle species v; Gv is the deterministic
component; Oy is the disturbance term reflecting output disparities; and p is a coefficient that
reflects the risk aversion of each farmer, influencing the variability in yield 8y. The coefficient
is defined in Equation (5.2) based on Mulwa et al. (2017).
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p=—-22 [Eqn 5.2]

When u<0, the farmer is considered risk-averse and is more inclined to adopt an adaptive
species; a farmer with p=0 is risk-neutral; and a farmer with p>0 is willing to accept risks. The
benefit of selecting a species or breed in response to climate change a®, is the reduced
sensitivity of households to climate change, reducing the variable costs involved in selecting
the livestock species. A risk-averse farmer will select a species from a set based on whether

one provides more utility compared to the alternative, as shown in Equation (5.3):

E((pa) - Qa > E(d)b) - Qb [Eqn 5-3]

The expected utility of adopting species A, denoted as E (¢, ), is determined by the associated
costs Qa. Similarly, the expected utility of adopting species B, denoted as E(®_b), is
determined by the associated costs Qb. The assumptions about the relationship between
disturbance variables in the livestock species or breed choice equations, whether correlated or

not, dictate the type of qualitative choice model utilized in the investigation.

The tolerance range concept implies that each type of livestock species or breed exhibits
varying levels of adaptability to different temperature or rainfall ranges (Rojas-Downing et al.,
2017; Tsartsianidou et al., 2021). This occurs due to variations in the genetic makeup of
individual animals, influencing their ‘inherent ability to adaptto ‘changes in weather conditions
(Tsartsianidou et al., 2021). Smallholder farmers, aiming to maximize utility, would likely
choose livestock species or breeds that align with the prevailing climatic conditions in their
region (Megersa et al., 2014; Boru et al., 2014; Opiyo et al., 2015). For instance, certain species
and breeds may be better suited for warmer climates, while others may thrive in temperate
climates ( Seo et al., 2009; Zhang et al., 2013). Following Zhang et al. (2013), a simplified
conceptual graphic analysis of livestock selection choice is presented in Figure 5.1.
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Figure 5. 1: Conceptual framework presenting the livestock choice in response to temperature
(or rainfall)

Source: Adopted and adapted from Zang et al. (2013)

Zhang et al. (2013) suggest that the value potential associated with each livestock breed and
species is unimodal, suggesting an optimal range, of environmental conditions where a
particular species or breed performs at its best:'Beyond this optimal range, the performance of
the livestock may decline. Therefore, farmers would be inclined to choose livestock options
that fall within the optimal temperature irange to-maximize the benefits derived from their

investment (Figure 5.1).

In practical terms, smallholder farmers facing climate change challenges may adjust their
livestock portfolios by selecting breeds or species that are more resilient and productive under
the changing environmental conditions. This strategic decision-making process aligns with the
utility maximization theory, where farmers seek to optimize their overall satisfaction by
making choices that enhance the well-being of their livestock and, by extension, their
agricultural livelihoods. Ultimately, the conceptualization incorporates the idea that
smallholder farmers, guided by utility maximization principles and considering the tolerance
range of different livestock species or breeds, will make informed decisions to adapt their
livestock portfolios in response to the changing climate, aiming for optimal performance and
benefits.
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5.3.2 Analytical framework

Previous research on livestock farmers' adaptation to climate change has employed various
analytical frameworks such as binary logit, Multinomial Logit Model (MNL), and Multivariate
Probit Model (MVP) to investigate the statistical relationship between climate factors and the
choices of livestock species (refer to Table 5.1). While logit (and Probit) models are suitable
for assessing farmers' choices when the options are binary, applying them to situations with
more than two choices requires running multiple regression models for each option.
Additionally, these models may introduce bias by neglecting unobservable and unmeasured

common factors (Maonga and Mapemba, 2014; Feleke et al., 2016).

Earlier studies addressing livestock choices with more than two options have turned to
extensions of logit and Probit models, namely the Multinomial Logit Model and Multivariate
Probit Model. The Multinomial Logit Model (MNL) has been widely utilized to explore the
statistical relationship between climate factors and livestock species choices (see Seo and
Mendelsohn, 2007a, 2007b; 2008; Seo et al., 2009; Seo et al., 2010; Ou and Mendelsohn, 2017;
Basurto-Hernandez et al., 2018). However, the MNL has limitations, particularly in addressing
the endogeneity problem, assuming mutually exclusive choices, which is challenging at the
household level where livestock species and breed choices are not mutually exclusive.
Furthermore, in smallholder ; farming.. systems,;.the., premise, that different choices are
independent may not be valid because of resource:limitations and the necessity to reduce risks
and diversify livelihoods, leading farmers to raise several livestock species (Kabubo-Mariara,
2008).

To overcome the limitations of binary logit and MNL, some previous research on livestock
choices amidst climate change has employed the Multivariate Probit Model (MVP) (Kabubo-
Mariara, 2008; Zang et al., 2013; Odozi and Ashagidigbi, 2017). The strength of the MVP lies
in its ability to simultaneously and interdependently estimate choice decisions, capturing
complementarities and substitutability among various choices for maximum benefit (Feleke et
al., 2016; Mulwa et al., 2017; Rahut and Ali, 2018). However, the MVP has drawbacks, such
as its inability to calculate the actual change in livestock choices and not providing information
on the number of adaptation options a farmer chooses.

To address the weaknesses of the MVP, some studies have applied Generalized Ordered Logit
or Ordered Probit models to account for the adoption intensity of different options (Kanyenji
et al., 2020; Musyoki et al., 2022). Despite recognizing the drawbacks of the MVP, this study's
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primary objective is to understand how farmers adjust their choices in response to climate
change impacts, not necessarily focusing on the intensity of livestock choices. Thus, based on
the merits of the Multivariate Probit Model for estimating farmers' choice behaviour, this study
adopted the MVP to analyse the influence of climate factors on livestock species and breed

selection choices.

5.2.3 Sampling procedure

The sampling methodology used in this chapter is consistent with the purpose and follows the
multi-stage sampling procedure explained in Chapter 1. Initially, a total of 600 smallholder
farmers were chosen using this method, out of which 495 were specifically engaged in livestock
farming. For analysis purposes, only the 495 livestock farmers were utilized in this chapter.
The section at hand does not include specifics about the sample approach, however these details

can be found in Chapter 1.

5.3.4 Estimation procedure

Earlier adopted species could influence livestock'selection decisions, informing decisions on
subsequent species in the future (Mulwa etal., 2017). This highlights the need for a model that
can quantify the impact of external influences on the selection process of livestock species
while also accommodating the correlation of ‘error terms among different species or breeds.
Failure to account for these interrelationships can result in inaccurate estimations (Ojo and
Baiyegunhi, 2019; Mulwa et al., 2017). The study uses a multivariate probit (MVP) technique
to determine how climate variables affect the odds of smallholder farmers selecting four

primary livestock species in the study area.

In the MVP model, the type of species or breeds was utilized as a dummy dependent variable
to reflect the livestock species or breeds chosen by smallholder farmers in the study area. MVP
acknowledges the relationship between the error terms by modelling the effects of a group of
covariates on each cattle species and calculating a series of binary probit models
simultaneously. MVP examines the connection between farmers' choice of livestock species or
breed and considers potential linkages between unobserved disruptions (Ojo and Baiyegunhi,
2019; Taruvinga et al., 2022). The correlation between distinct species in the model can be

attributed to complementarity, resulting in a positive or substitutability and a negative

129



correlation (Belderbos et al., 2004). The farmers' utility was not directly measurable but was

represented as a function of observable components, as shown in Equation (5.4):
Yik* = ﬁkXik + akAik + & Where k= 1,...n
Yy =1if Yy >0 andO0if otherwise [Eqgn 5.4]

Yik* is the latent variable representing unobserved properties related to the kth livestock
species or breeds. Yik represents the binary explanatory variables, where k ranges from 1 to 4,
representing diverse livestock species, cattle, and sheep breeds chosen by smallholder farmers
in the research area. A smallholder livestock farmer was assigned a rating of 1 if they selected
any animal species or breeds and 0 if not. Xix represents the explanatory variables utilized in
the model. Wooldridge (2003) defines Aik as climate change variables, explicitly referring to
annual averages of temperature and precipitation, which consider unobserved differences. Bk
and ok are estimated vectors that are compatible in size. The error term, €k, follows a
multivariate normal distribution with zero means, unit variance, and an nxn correlation matrix
(Mulwaetal., 2017), where ek =~ MVN (0, IT). The covariance matrix, I1, is defined by Equation
(5.5).

= 11p12p13 = P1m P21 1 P23 = Pam P3iP32 L= P3m iii 1 i pmy pm2 Pm3 -+ 11 [EQNS.5]

The symbol p denotes the hidden correlation between the random components of the error
terms in the model. Equation (5)-illustrates that the off-diagonal entries in the variance-
covariance matrix indicate the correlation between the stochastic error terms of various species
(p21,P12, P31 and py3) (Ojo and Baiyegunhi, 2019). Equation (5.4) in the MVP model assumes
a correlation between the stochastic components of the k™ and m™ choices of livestock species
and breeds, suggesting a decision to adopt specific species or breeds together. Table 5.2 present

the variables used in the MVVP models and their hypothesised signs.
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Table 5. 2: Descriptions of Variables used in the MVP model and expected signs

Variables Description Measurement Expected
sign
Dependent Variable
Ys Decision to own cattle, goats, sheep, chicken, Binary: 1=own livestock
Brahman, Bonsmara, Nguni, Non-descript specie orbreed,
cattle breed, Non-descript sheep breed, O=otherwise
Dohne merino, Doper
Independent
variables
Climate factors
Temp Average annual temperature Degrees Celsius (°C) +
Temp? Quadratic term of average annual Degrees Celsius (°C) -
temperature
Precip Average annual precipitation mm +
Precip? Quadratic term of average annual mm -
precipitation
Control variables
Gender Gender of household head Binary +
(1=male;0=female)
Age Age of household head Continuous (Years) +
Age? Quadratic term of the age of household-head  Continuous (Years) -
Education Education of the household head Continuous (Years) +/-
Farm group Membership in farm organization Binary (1=member +
;0=non-member)
Traditional Religion of the household head Binary: 1=traditional +
religion, O=otherwise
ASF Consumption of animal sourced food Binary: l=yes, +
0=otherwise
Prisk Perception of severe’climate/changeindastc Binary; 1= yes; +
20 years O=otherwise

5.4 Results and Discussion

5.4.1 Characteristics of the livestock farmers: VVariables used in the model

The discussion of the independent factors utilized in the MVVP models can be found in Chapter

3, section 3.2. hence, only the dependent variables (livestock species and breeds) are discussed

in this section. In conjunction with the climate variables, this study incorporates additional

variables (gender, age, age squared, education, membership in farm organization, traditional

religion, consumption of animal-sourced food, perceived climate risk) to account for variations

in household characteristics among smallholder livestock farmers, as indicated by previous
research (Seo and Mendelsohn, 2007; Kabubo-Mariara, 2008; Chipfupa et al., 2021).
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5.4.2 Livestock species choices in the study area

Figure 5.2 displays the animal species possessed by smallholder farmers in the study area. The
pooled sample indicates indigenous chickens were the most common livestock species in most
farm households (28%). This was followed by cattle (24%), goats (22%), sheep (21%) and pigs
(5%). The prevalence of chicken among smallholder livestock keepers might be because they
demand relatively modest financial inputs. They are attainable by socioeconomically
disadvantaged smallholder farmers (Wong et al., 2017) and thus easily accessible compared to
other livestock types (Christian et al., 2020). Moreover, indigenous chicken (chicken products)
has been widely associated with contributing significantly to household food and nutrition
security (Njuguna et al., 2017). These results agree with recent empirical studies (Taruvinga
et al., 2022; Christian et al., 2020) conducted in the Eastern Cape Province that reported the

dominance of indigenous chicken ownership among smallholder farmers.

The prevalence of cattle ownership corresponds to their cultural and economic significance
within the study area (Shava and Masuku, 2019), akin to the scenario commonly observed in
African nations. Cattle are esteemed for their wversatile roles in agrarian households,
encompassing meat provision, milk yield,.and:used as draft animals for agricultural labour
(Cheteni and Mokhele, 2019). While cattle are acknowledged as susceptible to climate change-
related factors like drought (Margesa et al., 2014; Vetter et al., 2020), the relatively notable
proportion of households involved in, cattle farming implies that, despite the inherent

challenges linked to cattle upkeep, farmers attribute substantial advantages to their ownership.

The relatively considerable proportion of smallholder households engaged in the ownership of
goats and sheep underscores the perceived benefits of integrating these animals within their
agricultural systems. Their dual function as cultural assets and potential sources of income,
coupled with the capacity to vend these small ruminant animals promptly, are plausible factors
contributing to their popularity (Wodajo et al., 2020). Furthermore, their manageable
dimensions render them well-suited for operations on a smaller scale, which aligns with the
prevalent practices among smallholder farmers (Wodajo et al., 2020). Furthermore, the
adaptability of small ruminants (goats and sheep) to various environmental conditions often

makes them a preferred choice (Joy et al., 2020; Armson et al., 2021).

The result further underscores the limited prevalence of pig ownership compared to other
livestock types. The low percentage of pig ownership might be attributed to cultural

preferences, management challenges, or economic considerations. Pig ownership involves
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distinct husbandry practices and considerations compared to other livestock species. The
smaller proportion of farm households engaged in pig ownership suggests that this practice
might require a specific set of skills or resources that not all smallholder farmers possess. The

relatively minor presence of pigs within these farmers' livestock portfolios raises questions
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Figure 5. 2: Livestock species ownership ‘among smallholder livestock farmers

Source: Author’s compilation, Household Survey (2021).

Notes: All values are normalised to range between 1-100% per local municipality. ALM=Amahlathi local
municipality; RMLM=Raymond Mhlaba local municipality; MLM=Mbashe local municipality; PSILM=Port St
Johns local municipality; IHLM=Ngquza hill local municipality

The study observed differences in livestock types owned by smallholder farmers across
locations. Goats (31%) are commonly kept in RMLM and the second most (30%) owned
species in ALM, after the indigenous chicken, under the Amatole district municipality. Sheep
dominate MLM, with about 27% of smallholder farmers owning sheep in the area. On the
other hand, cattle are the second most owned species after chicken in NHLM and PSJLM under
the OR Tambo District, with about 30% and 27% of smallholder livestock farmers in NHLM
and PSJLM, respectively, owning cattle. Pigs were the most minor species kept, with only 5%

of the surveyed smallholder farmers owning pigs. Most (9%) smallholder pigs’ farmers were
found in RMLM.
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The differences in livestock species ownership across the study sites may be distributed to the
climate and geography of the study sites, which can affect the suitability of certain livestock
species. For example, The OR Tambo district (i.e., PSILM and NHLM) experiences abundant
rainfall and higher humidity levels in the summer, primarily along its subtropical coastline, and
colder winters, particularly in the inland sections (Nkamisa et al., 2022). These climatic
conditions are most suitable for cattle production, which is sensitive to hot climates (Megersa
et al., 2014), hence the dominance of cattle in the areas. On the other hand, small ruminants
such as typical indigenous goats and sheep owned by smallholder farmers are suitable in
regions with hotter climates, such as the Amathole district areas, which are relatively semi-arid
and exposed to long drought periods. These findings are consistent with those of Banerjee et
al. (2014) and Fereja (2016), who noted that smallholder farmers might select livestock,
bearing in mind the predominant agro-climatic conditions of their location.

Moreover, the observed differences can also be explained by the cultural and economic
differences among the smallholder farmers in different regions. For example, during the survey,
some farmers in MLM indicated that they mostly use sheep for cultural purposes. In contrast,

farmers in RMLM and AMLM indicated they use goats for cultural purposes.

The results generally imply that livestock species ownership is heterogeneous across the study
sites in the smallholder farming system. Environmental factors may explain farmers' ownership
of different livestock species, as,explained- by the ;differences in the study sites’ climate
conditions where the livestock species are located. Non-climate factors may also explain the
heterogeneities in the ownership of livestock species among smallholder farmers in the study
areas. Smallholder farming, particularly livestock species ownership, takes place in the context
of different drivers, such as market dynamics, the socio-cultural needs of the farmers, and
farmers’ attitudes and perceptions about the species. Therefore, considering such drivers is

essential to understand the relative importance of climate change in species ownership.

5.4.3 Livestock breeds choices in the study area

Figure 5.3 illustrates the categorization of livestock breeds by species held by smallholder
livestock farmers within the study area. The study addresses native breeds that lack distinctive
characteristics, categorizing them as Non-descript breeds. The findings indicate a prevalent
ownership of indigenous livestock breeds among the interviewed smallholder livestock

farmers. Mainly, indigenous Non-descript breeds, including veld goats, were predominant in
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households with ruminant animals (cattle, sheep, and goats), with over 50% of such
smallholder households maintaining Non-descript breeds. The prevalence of indigenous
livestock breeds is a customary feature in African smallholder farming (Nyamushamba et al.,
2017; Kitole, 2022).

Nevertheless, some respondents also reported ownership of improved (composite) South
African indigenous breeds, such as the Bonsmara cattle, Dohne merino, Doper sheep breeds,
and Boer goats. Conversely, some smallholder livestock farmers possessed exotic breeds,
including the Brahman cattle and the large white pig breed. All surveyed livestock farmers

possessed native chicken breeds, with the Ovambo breed being the most widespread.

large white
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Boschveld
Potchefstroom
Ovambo
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Figure 5. 3: Livestock breeds ownership among smallholder livestock farmers

Source: Author’s compilation, household survey (2021)

The prevalence of indigenous Non-descript livestock breeds within the smallholder farming
community can be elucidated through the prevalent practice of uncontrolled or unstructured
breeding methods commonly observed within smallholder farming systems. Scholarly sources
(Marsoner et al., 2018; Mapiye et al., 2019) indicate that this unstructured crossbreeding
phenomenon stems from neglecting indigenous breeds in favour of elite exotic cattle breeding
lines. The climatic and production landscape in the study region exhibits substantial diversity,
encompassing various challenging conditions such as elevated temperatures, droughts, and

135



floods (Taruvinga et al., 2022). These environmental circumstances give indigenous breeds a
competitive advantage over exotic breeds in milder temperate climates (Nyamushamba et al.,
2017). Considering the limited resource endowment typically characteristic of smallholder
farmers, it is logical for prudent farmers to opt for livestock breeds that possess resilience and
are easily manageable, such as indigenous livestock breeds. Mapiye et al. (2019) propose that
indigenous livestock breeds have progressively adapted to the precise environmental
conditions of their respective regions, as evidenced by their capacity to endure heat-induced
stress, resilience against prevalent diseases and parasites, and ability to thrive even in the face
of protracted periods of constrained food and water availability. Details on the reasons for
farmers' preference and ownership of the livestock breeds are discussed in the subsequent

section.

5.4.4 Multicollinearity and heteroscedasticity in variables used in the MVP model

The results related to multicollinearity for the variables utilized in the MVP model are
displayed in Appendix A2. This study employed a Multivariate Probit regression model,
incorporating annual average temperature and precipitation and their squared products. The
investigation revealed a strong correlation:caused by the squared variables. Allison (2012)
argues that large VIFs caused by the inclusion of powers of other variables are not concerning
and can be ignored. Robust standard. errors, were, employed. to control possible issues of

heteroscedasticity.

5.4.5 The MVP results on the effect of climate factors on livestock species choices
5.4.5.1 Complementarity and substitution among livestock species choices

Table 5.3 presents the results on smallholder livestock farmers’ complementarities and
substitutability of livestock species. The likelihood ratio test [chi2(6) = 100.657 Prob > chi2
= 0.0000] of the independence of the error terms was rejected at a 1% significance level. This
means that the ownership of livestock species is interdependent, thus justifies using the MVP
model and showing that using univariate regression (such as Probit and Logit) would have
produced inefficient estimations. In addition, the use of MVP was vindicated by the
significance of the Wald Chi-Square [Chi-Square (2) (48) =226.99; Prob > chi2= 0.0000] (see

Table 5.4), which shows the overall significance of the model. Statistically significant
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correlation coefficients were found in eight out of 10 pairs, indicating they are distinct from

ZEero.

Table 5. 3: Correlation matrix of the livestock species choices from the MVP model

Matrix Coef. Robust Std. Err. P>z
Sheep and cattle (rho21) 0.400 0.062 0.000***
Goats and cattle (rho31) 0.010 0.072 0.890
Chicken and cattle (rho41) -0.411 0.073 0.000***
Goats and sheep (rho32) -0.113 0.068 0.098*
Chicken and sheep (rho42) -0.451 0.064 0.000***
Chicken and goats (rho43) -0.239 0.072 0.001***

Likelihood ratio test of rho21 = rho31 = rho4l = rho32 = rho42 = rho43 = 0: chi2(6) =
100.657 Prob > chi2 = 0.0000

Note: *** ** * indicate significance level at 1%, 5% and 10% respectively

The results show a statistically significant, 'moderate and positive correlation coefficient
(0.400) between the ownership of sheep and cattle in the study area. This observed correlation
implies a complementary adoption pattern;.suggesting that smallholder farming households
will concurrently raise cattle and sheep in‘the study area. This phenomenon can potentially be
explained by the socio-economic advantages associated; with the coexistence of these two

livestock species.

In the study area, cattle and sheep predominantly serve as sources of income and are deeply
intertwined with socio-cultural practices. Notably, these species play distinct roles in cultural
and ritual practices within the study area, signifying that the cohabitation of cattle and sheep
may confer a heightened sense of fulfilment to the livestock owners. Moreover, owning these
species together can be considered a strategic decision, considering the varying timeframes
required for realizing economic returns. Specifically, the relatively rapid turnover associated
with sheep sales contrasts with the prolonged gestation periods and maturity rates of cattle,

underscoring the economic rationale for keeping both species concurrently.

In addition, cattle and sheep have different sensitivities to risks (such as climate, price, and
market). Therefore, a good outcome for one enterprise can offset a poor outcome for the other
one each year (Martin et al., 2020). Literature (Martin et al., 2020; Mugnier et al., 2020;
Taruvinga et al., 2022) has also highlighted that owning these species together could be
associated with the co-grazing benefits and resource use complementarity. A multifaceted
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interplay of socio-economic, cultural, and risk mitigation factors underpins the coexistence of
cattle and sheep in the study area. This strategic livestock management approach allows
individuals to capitalize on the economic benefits of both species, participate in cultural
traditions, mitigate risk, and manage the temporal dynamics of income generation in a manner

that aligns with their socio-economic goals.

Conversely, the results show statistically significant, moderate, and negative correlation
coefficients between the ownership of chicken and cattle (-0.411), chicken and sheep (-0.451),
along with a relatively weaker correlation between chicken and goats (-0.239) and between
sheep and goats (-0.113). These observed results indicate a substitution adoption pattern,
implying that smallholder livestock farmers in the study area often choose between the
ownership of chickens and ruminant livestock species such as cattle, sheep, or goats. Such a
substitution pattern indicates distinct preferences and resource allocation strategies among
farmers in the study area. In essence, the findings underscore the existence of apparent choices
in livestock ownership within the study area. Individuals may opt for poultry production
represented by chicken.

In contrast, others may engage in farming cattle; sheep, and goats, reflecting varying livestock
management strategies aligned with “the specific objectives and circumstances of the
smallholder farmers in the study area. Furthermore, the relatively weak relationship between
goats and sheep suggests that these two’species are not as closely interrelated in ownership.
This supports the notion that farmers often choose between them rather than simultaneously
maintaining both.

Overall, the results suggest that livestock species ownership is explained by the complementary
production systems, the substitutability that emerges from different benefits of livestock
species, and differences in management practices and requirements between different livestock
species. The results further explain the adaptive capacity of farmers and suggest the direction
of inputs used to maximise livestock production in smallholder farming systems. Next, the
effect of climate factors on livestock species choices by smallholder farmers is presented in
Table 5.4.
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5.4.5.2 The effect of climate factors on livestock species choice

> Average annual temperature

The results show that the average annual temperature significantly influences the probability
of smallholder farmers owning cattle and goats at a significance level of 10% and 1%,
respectively. The findings indicate that the likelihood of selecting cattle rises to a certain
threshold as the average annual temperature increases. Conversely, the probability of selecting
goats shows a reverse relationship with annual temperature. The likelihood of selecting cattle
shows a hill-shaped pattern. In contrast, the likelihood of selecting goats shows a U-shaped
pattern as the average annual temperature rises, with all other independent variables in the
model held constant (as graphically shown in Figure 5.4). The findings show that smallholder
livestock farmers are more inclined to transition from cattle to goats as the average annual
temperature increases. The model results support the descriptive results presented in Chapter
3, which reveal that smallholder livestock farmers in the study area perceive goats as more
adaptable than cattle due to their resilience to feed scarcity, capacity to reproduce under
climatic stress, and endurance against heat: stress. In contrast, cattle were perceived as

vulnerable under these conditions.
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Table 5. 4:The parameter estimates of livestock species choices from the MVP model

Cattle Sheep Goats chicken
Variables Coef. Robust P>z Coef. Robust P>z Coef. Robust P>z Coef. Robust P>z
Std. Err. Std. Err. Std. Err. Std. Err.
Aver_annual_temp  4.514 2.354 0.055* -2.871 2.089 0.169 -6.821  2.408 0.005*** 1,272 2.211 0.565
Aver_annual_temp? -0.125  0.065 0.055* 0.082 0.058 0.157 0.191 0.067 0.004*** -0.041  0.061 0.507
Annualsum_prec 0.079 0.024 0.001*** 0.012 0.022 0.583 -0.070  0.022 0.002*** -0.093  0.022 0.000***
Annualsum_prec? -0.000  0.000 0.001*** 0.000 0.000 0.665 0.000 0.000 0.001*** 0.000 0.000 0.000***
Gender 0.371 0.128 0.004*** -0.020 0.124 0.869 -0.044  0.120 0.716 0.221 0.131 0.093*
Age -0.136  0.048 0.004*** -0.130  0.049 0.007*** -0.046  0.046 0.316 0.066 0.047 0.165
Age? 0.001 0.000 0.004*** 0.001 0.000 0.005*** 0.000 0.000 0.365 -0.001  0.000 0.142
Educ -0.020 0.011 0.081* -0.012 0.011 0.282 -0.009 0.011 0.421 0.017 0.011 0.135
Farm group 0.576 0.133 0.000*** 0.390 0.127 0.002*** -0.091 0.124 0.462 -0.098 0.131 0.456
Traditional 0.155 0.126 0.220 0.209 0.122 0/087* 0.209 0.121 0.086* -0.165 0.124 0.185
ASF 0.319 0.126 0.011**  0.062 0.122 0,614 -0.022  0.120 0.853 0.108 0.128 0.398
Prisk 0.626 0.138 0.000*** 0.423 0.132 0.001*** 0.249 0.128 0.051* 0.268 0.136 0.049**
cons -90.873 26.703  0.001 18.489 23.637 0.434 105.962 26.874 0.000 47986 24235 0.048

Number of obs =495; Wald chi2(48) = 226.99; Prob >chi2 =0.0000; Log pseudolikelihood = -1150.517

Note: *** ** and * denote significance at 1%, 5% and 10%, respectivelytASF= animalxsoureced food:
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Figure 5.4 presents the predictive threshold effect of average annual temperature on livestock

species choices.
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Figure 5. 4:The effect of average temperatures on livestock species choices

Source: Aurthor’s compilation

The results show that the probability of .choosing cattle (goats) increases (decreases) as the
average annual temperature is below 18°C,.and it reaches maximum (minimum) at 18°C,
respectively. Thus, the likelihood of choosing cattle (goats) decreases (increases) when the
average annual temperature ranges between 19°C and 22°C. The initial increase (decrease) in
cattle (goat) preference signifies that when farmers perceive temperature conditions as
favourable (i.e., below 18°C), they show a preference for cattle ownership as a means to
optimize their utility, predominantly driven by income and food security objectives. However,
as soon as they apprehend the risks associated with rising average temperatures (i.e., above
18°C), there is a noticeable transition toward adopting the following most resilient species to
withstand harsh temperature conditions: goats. This strategic shift underscores the adaptability
of goats in coping with hotter climates. The empirical results are consistent with the perceptions
and preferences of farmers discussed in Chapter 3. They indicate that farmers often encounter
high temperatures and drought conditions, leading them to prefer goats over cattle. Regional
studies conducted in Africa also support this trend, showing that as temperatures rise, farmers

are more inclined to switch from cattle to goats (Seo and Mendelsohn, 2007b, 2008). Therefore,
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goats could be a potential adaptation strategy for smallholder livestock farmers facing

increasing temperatures.

> Annual precipitation

The findings highlight the substantial impact of annual precipitation on the likelihood of
smallholder farmers owning cattle, goats, and chickens, all statistically significant at the 1%
significance level. Specifically, the results indicate that as annual precipitation increases, the
probability of choosing cattle rises until it reaches a certain threshold, after which it declines.
Conversely, the probability of selecting goats and chickens decreases until a specific threshold
and rises again. This implies that the probability of opting for cattle demonstrates a relationship
that resembles a hill-shaped curve. In contrast, the probability of choosing goats and chickens
exhibits a pattern similar to a U-shaped curve concerning annual precipitation (see the graphical
representation in Figure 5.5). These results suggest that smallholder farmers are more likely to
shift their preference from cattle to goats and chickens as annual precipitation levels rise.
Interestingly, this finding contradicts the perceptions held by smallholder livestock farmers in
the study area, as outlined in Chapter 3. These farmers perceived cattle to be more resilient in

wet conditions than goats and chickens.

The initial rise in the likelihood,of choosing cattle-and the concurrent decrease in the probability
of selecting goats and chickens as annual/precipitatiorn levels increase, spanning from 1000mm
to 1300mm, can be explained by the perceived benefits of these livestock choices, conditional
to feed availability and quality. Precipitation is a critical factor for forage growth and quality,
especially in the study area, where the natural veld is often degraded and is the primary feed
source for many smallholder livestock farmers (Tjelele et al., 2020). Consequently, during this
phase, farmers may find cattle ownership (conditioned on feed availability and quality) more
rewarding than goats and chickens, primarily due to the perceived socio-economic benefits of
cattle relative to goats and chickens. However, as annual precipitation levels continue to rise,
exceeding the 1300mm per year threshold, farmers may begin to notice a decline in cattle
productivity, potentially attributable to the deterioration in the quality of livestock feed and
increased susceptibility to livestock diseases. Concurrently, goats and chickens may increase
productivity due to their resilience to low-quality and high-fibre feed (Mataveia et al., 2021).
Consequently, farmers may contemplate adapting to these changing conditions by choosing
goats and chickens over cattle. These findings concur with Seo and Mendelsohn (2008), who
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show that African livestock farmers switch from cattle to goats and chicken as precipitation

increases.
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Figure 5. 5: The effects of annual precipitation on livestock species choices

Source: Author’s compilation

These findings highlight the dynamic relationship between environmental factors, temperature
and precipitation, and the choice of livestock species. Farmers adapt their preferences based on
the prevailing climate conditions, opting for livestock species better suited to the local
environment. This adaptability is crucial for the sustainability and resilience of smallholder
farmers in the face of changing weather patterns and climate fluctuations. Thus, the study
argues that under climate uncertainty, such as the increase in temperature and precipitation,
smallholder livestock farmers are likelier to choose species that offer lower but more
predictable returns, such as goats and chickens, over species like cattle, which provide higher
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but less reliable returns. Thus, smallholder farmers prioritize survival strategies over profit
maximization (Umar, 2013). This reflects the adaptive behaviour of smallholder farmers in

response to the challenges posed by risk and uncertainty in their farming environments.

5.4.5.3. The influence of socio-economic factors on livestock species choices

> Gender of household head
The gender of the household head variable demonstrated significant associations with the
likelihood of selecting cattle and chickens at respective significance levels of 1% and 10%. The
results indicate that male-headed households are likelier to choose cattle and chickens amidst
climate change than their female-headed counterparts. This gender-specific preference for
livestock species can be attributed to the distinct roles and objectives of cattle and chicken
ownership within the study area. In the study context, the decision to opt for cattle is closely
linked to income generation. On the other hand, the choice of chickens is primarily associated
with meeting household consumption needs, contributing to food security at the household

level.

Consequently, the observed preference of-male farmers for both cattle and chickens may be
driven by a dual consideration of enhancing economic standing through cattle ownership and
food and nutrition security through:chickenCownership: Taruvinga et al. (2022) observed
comparable outcomes for cattle, indicating that households led by males are more inclined to
possess income-producing animals such as cattle. Mathiu et al. (2021) made the same findings
on indigenous chicken. Conversely, Mukarumbwa et al. (2021) found that female-headed
households increasingly own indigenous chickens, stating that these chickens are considered
valuable assets for women in African rural farming households. Overall, the results support the
literature that suggests that gender differences affect livestock species choices among
smallholder farmers (Dossa et al., 2008; Jaza et al., 2018; Taruvinga et al., 2022). The study
argues that male livestock farmers, driven by income generation and household consumption
objectives, are more likely to diversify their livestock holdings to simultaneously meet

economic and nutritional needs.
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» The age of the farmer
The results show that the linear term of the household head’ age was negative. In contrast, the
quadratic term was positively associated with cattle and sheep ownership, both significant at a
1% significance level. The findings suggest that the age of the household head has a threshold
impact on the decision to own cattle and sheep among livestock smallholder farmers in the
study area. The negative linear term suggests that younger farmers are less likely to own cattle
and sheep. In contrast, the positive quadratic term suggests a turning point after which the
likelihood of owning cattle and sheep increases with age. The possible reasons for this
threshold effect could be related to the educational level and off-farm income-generating
opportunities available to younger farmers, which may make them less reliant on farming as a

source of income.

In contrast, elderly farmers may view farming as their primary source of income and livelihood.
They may have more experience and knowledge in managing different livestock species,
including cattle and sheep, in the face of climate change. Taruvinga et al. (2022) recorded
similar results for cattle, arguing that older livestock farmers in the Eastern Cape observe cattle
ownership as an asset and a source of wealth.| Kabubo-Mariam (2008) observed comparable
findings for sheep in Kenya, stating that elderly-livestock producers lacking labour assistance
may choose sheep (and goats) farming due to their lower labour requirements. However, this
opposes the findings of Tegebu et'al -(2012) in’Ethiopia and-Maonga and Mapemba (2014) in
Malawi. These studies discovered a hill-shaped relationship between the household head's age
and the sheep's choice. Tegebu et al. (2012) attributed this relationship to limited access to
credit for younger farmers, which hinders their ability to accumulate larger species, such as
cattle, and forces them to start with smaller animals like sheep. Maonga and Mapemba (2014)
argued that older farmers struggle to care for livestock herds as they age adequately. Overall,
the results coincided with most studies (Dossa et al., 2008; Salamula et al., 2017) that show
that selecting various livestock species lies with older household heads due to rich experience

in livestock management and capital assets accumulated over the years.

> Education of household head

The study shows a negative correlation between the education level of the household head and
cattle ownership at a significance level of 10%. This suggests that livestock farmers with higher

levels of education are less likely to own cattle. Nevertheless, these results align with studies
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that propose that more educated farmers are likely to rely heavily on off-farm income-
generating opportunities (Kabubo-Mariara, 2008). This reliance on non-agricultural income
sources may reduce their dependence on livestock rearing, which could explain the lower
likelihood of cattle ownership among highly educated farmers. However, this observation
contradicts the conclusions reached by Maonga and Mapemba (2014) in Malawi and Basurto-
Hernandez et al. (2018) in Mexico, who reported that highly educated farmers tend to prefer
cattle ownership. They argued that cattle could yield higher unit income after the sale than
smaller livestock species. The discrepancy in the findings may be attributed to contextual

factors, such as regional differences, market dynamics, and individual farmer preferences.

» Membership in the farm organisation

The results indicate that being a member of a farm organisation significantly influenced the
decision to choose cattle and sheep at a 1% significance level. This implies that farm
organisation members are more inclined to possess income-generating animals like sheep and
cattle than non-members. Chaudhuri et al. (2021) indicate that membership in farm
organisations, defined as social capital imposed; has a beneficial effect on the economic
outcomes of smallholder livestock producers. Moreover, farm organisations may also offer
farmers the opportunity to share their experience in managing and the benefits of different
livestock species. This may encourage other farmers to adopt these livestock species if they
have not owned them before, holding other variables (such as investment money) constant. The
results align with Mathewos et al. (2018) study in Ethiopia, which showed that their
membership in cooperatives influenced smallholder farmers' engagement in improved sheep
production. Overall, it is consistent with prior research (Randela, 2005; Jari, 2009) that farm
organisation membership benefits illiterate smallholder farmers because it offers training and
educates farmers, raising farmers' comprehension and knowledge. Consequently, it enhances

farmers' ability to make informed farming decisions.

> Animal-sourced food consumption

The findings indicate that consuming animal-sourced food was significantly and positively
associated with owning cattle at a 5% significance level. The findings indicate that farm
households that eat animal-sourced food are more inclined to possess cattle. This association

implies that cattle ownership can provide households with animal protein, improving nutrition
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and potential health benefits. Farmers can also use the money from selling cattle products to
buy diverse animal-sourced foods. This suggests that cattle are of the utmost importance to
farmers, as they contribute to consuming animal-dense nutrients. This signifies the importance
and contribution of animal production, primarily cattle production in smallholder farming
systems, to the consumption of nutritious food. Previous studies (Adesogan et al., 2019;
Pokharel et al., 2023) have also reported a positive association between livestock ownership

and animal-sourced food consumption.

> Traditional religion

African traditional religion is significant and positively associated with owning goats and sheep
at a 10% significance level. This implies that switching from Christianity to an African
traditional religion correlates with increased ownership of sheep and goats in the study area.
Thus, households adhering to the traditional African religion are likelier to own sheep and goats
than those practising Christianity. Goats and sheep in the study sites are utilized for spiritual
and cultural practices, including communication and offerings to ancestors. The results concur
with Adams and Ohene-Yankyera (2014) and Dossa et al. (2008), who found a substantial
positive effect of the African traditional faith on farmers’ decision to own livestock species.
Maonga and Mapemba (2014) stated that the cultural impartance of livestock type in an area
influences the uptake of livestock species, -The study.argues that smallholder farmers consider

their cultural perspectives before deciding on the livestock species to own.

» Perceived climate change
The study shows a substantial and positive relationship between farmers' perceptions of climate
change risk in the past 20 years and their selection of cattle, sheep, goats, and chickens, with
statistical significance ranging from 1% to 10%. This implies that farmers with a heightened
perception of climate change-related risks are likelier to select these livestock species. Thus,
the findings imply that, even in the face of changing climate conditions and high risks, farmers
are likely to maintain livestock ownership, although it might differ in numbers. This may be
attributed to the fact that livestock plays a central livelihood strategy among smallholder
farming communities, contributing substantially to household income. Consequently, farmers
are primarily motivated by securing household consumption and fulfilling their basic needs
through livestock production, particularly in precarious and unpredictable environmental

conditions. The results underscore the resilience and adaptability of smallholder farmers, who
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persist in livestock ownership despite their perceptions of increased climate-related risks,
driven by the overarching goal of securing their livelihoods and ensuring the welfare of their
households. This aspect of farmer behaviour and decision-making is significant in the context
of agricultural and environmental policies, especially when addressing climate change and its

implications for smallholder farming communities.

The research findings on livestock species selection indicate that rising temperatures lead
smallholder livestock farmers to favour goats over cattle. At the same time, increased
precipitation prompts a shift from cattle to goats and chickens. Yet, a strong perception of
climate change risk encourages the adoption of livestock such as cattle, sheep, goats, and
chickens. However, climate-related factors aren't the sole influencers of livestock selection for
these farmers. The study highlights that households led by men tend to opt for cattle and
chicken, while older farmers lean towards cattle and sheep compared to their younger
counterparts. Less educated farmers and farmers in farm organizations tend to choose income-
generating species like cattle and sheep. Additionally, the religious beliefs of farmers impact
their decisions, with those practising traditional religions showing a preference for goats and
sheep. This suggests that cultural and religious aspects significantly shape the selection of

specific livestock species among farm households.

5.4.6 The MVP results on the influence of climatefactors on livestock breed
choices

This section presents results on the effect of climate factors on livestock breed choices and
control for household characteristics. In particular, the section focused on the effect of climate
factors on the choice of cattle and sheep breeds. Goats and chicken breeds were dropped
because most sampled households had one breed (indigenous Non-descript breeds) without
much variation to enhance meaningful regression analysis. Two MVP models were run for

cattle breeds and sheep breed choices, respectively.

5.4.6.1 The complementariness of the livestock breeds selection choices

Table 5.5 presents the correlation matrix results from the two MVP models, showing the
relationship among smallholder farmers' livestock breeds (cattle and sheep breeds). The null
hypothesis that the error terms across equations are not correlated is rejected based on the

likelihood ratio test. Additionally, the hypothesis that regression coefficients in each equation
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are jointly equal to zero is rejected at a 1% significance level in both the cattle breed model
[chi2(6) = 26.6584 Prob > chi2 = 0.0002] and the sheep breed model [chi2(3) = 67.6147 Prob
> chi2 = 0.0000]. The analysis confirmed alternate interactions between various cattle breeds
and sheep breed selections. The utilization of MVP was supported by the statistical significance
of the Wald Chi-Square tests for the cattle breeds model [Wald chi2(48) = 124.07; Prob >
chi2=0.000] and the sheep breeds model [Wald chi2(36)=108.92; Prob > chi2 = 0.000].

The coefficients' signs indicate interdependency between livestock breed selection options and
determining the MVP's usage. The correlation coefficients are statistically significant and
positive in all paired cases for cattle and sheep breeds, indicating complementarity between
cattle and sheep breed choices.

Table 5. 5: Correlation matrix of the livestock breeds choices from the MVP model

Cattle breeds choice correlation Sheep breeds choice correlation
Coef.  Std. P>z Coef.  Std. P>z
Err. Err.
Nguni and Non-descript  0.158  0.074  0.034** Dohne _merino and Non- 0.617  0.061  0.000***
cattle (rho21) descript sheep (rho21)
Brahman and Non- 0.270 0.080 0.001*** - Doper and Non-descript 0.190 0.100 0.057*
descript cattle (rho31) sheep'(rho31)
Bonsmara and Non- 0.221 0.090 0.014** Doper and Dohne 0.202 0.091  0.039**
descript cattle (rho41) merino(rho32)
Brahman and Nguni 0.165 0.082  0.045*%*
(rho32)
Bonsmara and Nguni 0.153  0.093  0.099*
(rho42)
Bonsmara and Brahman  0.295  0.093 11/0:002%**
(rho43)

Likelihood ratio test of rho21 = rho31 = rho41 = rho32 = *' Likelihood ratiotest of rho21 = rho31 = rho32 = 0: chi2(3) =
rho42 = rho43 = 0: chi2(6) = 26.6584 Prob > chi2 = 67.6147 Prob > chi2 = 0.0000
0.0002

Note: ***, ** * indicate significance level at 1%, 5% and 10% respectively

The study shows a solid and meaningful relationship between farmers' selection of cattle and
sheep breeds. These findings suggest the complementarity of breed choices among smallholder
farmers, where specific breed combinations are selected to harness the complementary benefits

offered by different breeds.

For instance, the positive and significant correlation coefficients between Brahman and Non-
descript cattle breeds, between Bonsmara and Non-descript cattle breeds, as well as Nguni and
Non-descript cattle breeds indicate that farmers opt for breed combinations that capitalize on
the advantages offered by each breed. This may involve backcrossing to exploit heterosis,
resulting in superior cross-breeds. The Non-descript cattle breed, known for its adaptability to
local conditions and cultural significance, complements the desirable traits such as carcass

quality and fast growth rate associated with Brahman and Bonsmara breeds (Mapiye et al.,
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2018). This combination allows farmers to balance economic traits and adaptability to harsh

climatic conditions in their specific areas.

Similarly, in the context of sheep breeds, the positive and significant correlation coefficients
between Dohne Merino and Non-descript sheep breeds, as well as between Doper and Dohne
Merino breeds, indicate farmers' preference for complementary benefits offered by these
breeds. The Dohne Merino breed, valued for its high-quality wool and meat production
potential, aligns with farmers' goals of improving household income through diversified
livestock products (Cloete et al., 2014). On the other hand, the Doper breed is favoured for its
long breeding season, early maturity, and hardiness, allowing farmers to benefit from enhanced
productivity and adaptability to local conditions (Meyer et al., 2015). By combining these
breeds, farmers can mitigate the risks of inbreeding depression from mixed grazing practices

standards in rural areas.

The breed combinations, such as Brahman and Bonsmara in cattle farming and Dohne Merino
and Doper in sheep farming, represent strategic choices made by farmers to leverage specific
traits and optimize their livestock production systems. These combinations reflect the farmers'
aim to achieve desirable characteristics, such as:high milk yield, calving at an older age, calm
temperament, fertility, meat quality, and wool production, while ensuring adaptability to local
conditions and preserving cultural values. Such breed combinations align with rural livestock
farmers’ diverse needs and priorities, allowing them to balance economic traits and harsh

climatic conditions in their respective areas.

In summary, the positive correlation coefficients observed in the farmers' choices of cattle and
sheep breeds highlight the complementary nature of breed combinations. The strategic
selection of breed combinations allows farmers to capitalize on the desirable traits of different
breeds, addressing specific economic, adaptability, and cultural requirements. These findings
contribute to understanding breed preferences and optimising livestock production systems in

rural contexts.

5.4.6.2 Effect of climate factors on cattle breeds choices

In this subsection, the study delves into the factors contributing to the selection of diverse cattle
breeds within the smallholder farming community in the study sites. The focus is supported by

the MVP results presented in Table 5.6, which illuminate the factors that significantly influence

smallholder farmers' decision-making regarding cattle breed ownership.
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Table 5. 6:The parameter estimates of cattle breed choices from the MVP model

cattle_non_descripts Nguni brahman bonsmara

Coef. Std. Err. P>z Coef. Std. Err. P>z Coef. Std. Err. P>z Coef. Std. Err. P>z
aver_annual_temp 4211 2.240 0.060* -0.001 2.489 1.000 13.849 5.207 0.008*** 4.280 3.872 0.269
aver_annual_temp2 -0.115 0.062 0.063* -0.002 0.069 0.976 -0.385 0.144 0.008*** -0.121 0.107 0.258
annualsum_prec 0.060 0.023 0.009*** 0.081 0.024 0.001*** 0.038 0.030 0.205 0.063 0.036 0.079*
annualsum_prec2 -0.000 0.000 0.011** -0.000 0.000 0.001*** -0.000 0.000 0.213 -0.000 0.000 0.086*
Gender 0.258 0.125 0.039** 0.140 0.131 0.286 0.273 0.160 0.087* 0.028 0.176 0.874
Age -0.154 0.045 0.001*** -0.040 0.048 0.410 -0.118 0.058 0.044** -0.102 0.055 0.065*
age_squared 0.001 0.000 0.001*** 0.000 0.000 0.390 0.001 0.001 0.024** 0.001 0.000 0.060*
years_educ -0.010 0.011 0.374 -0.010 0.012 0.402 -0.012 0.014 0.408 -0.001 0.016 0.958
Farmgroup 0.313 0.124 0.012*** 0.240 0.130 0.066* 0.414 0.155 0.008*** -0.086 0.180 0.632
Traditional 0.211 0.122 0.084* 0.027 0.129 0.831 -0.060 0.156 0.700 0.082 0.175 0.640
Asf 0.142 0.121 0.242 0.312 0.127 01014*% -0.082 0.155 0.595 -0.123 0.177 0.486
Prisk 0.403 0.130 0.002*** 0.391 0.138 01005%*% 0.189 0.177 0.286 0.287 0.179 0.110
_cons -75.031 25.521 0.003 -52.714 27.468 0.055 -148.101 56.804 0.009 -78.576 45.844 0.087
Number of obs = 495; Wald chi2(48) =124.07; Log pseudolikelihood = -863.37163; Prob >chi2 = 0.0000

Note: *** ** * symbolise significance at 1%, 5%, and 10% respectively.
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> Average annual temperature

The results show that the average annual temperature significantly influences the probability
of smallholder farmers choosing Non-descript and Brahman cattle breeds at a 10% and 1%
significance level. The results reveal that the chance of choosing Non-descript and Brahman
cattle breeds increases to some threshold with an increase in average annual temperature and
then decreases. These results are also graphically presented in Figure 5.6, showing that the
probability of choosing these breeds presents a hill-shaped relationship, keeping all other
variables in the model constant at their average. The results suggest that smallholder farmers
are less likely to select Non-descript and Brahman cattle breeds as the average annual

temperature increases, beyond a certain optimal temperature.

Predictive Margins with 95% Cls Predictive Margins with 95% Cls
2% 9
£ N
O
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5 b &7 1 1 2 & 2 2 m T aelameeme
aver_annual_temp
a) Effect of temperature on the choice of b) Effect of temperature on the choice of
Non-descript cattle breeds Brahman cattle breeds

Figure 5. 6: Effect of annual average temperatures on cattle
breed choices

Source: Authors’ compilation

In Figure 5.6, the predictions regarding the likelihood of selecting Non-descript and Brahman
cattle breeds indicate a positive correlation between the likelihood of choosing these breeds
and the average yearly temperature within the range of 15°C to 18°C. This probability reaches
its peak and undergoes a turning point at 18°C. Notably, within the optimal temperature range
(18°C), the likelihood of selecting Non-descript cattle breeds surpasses that of selecting
Brahman cattle breeds, with respective probabilities of 48% and 20%, respectively. This

observation implies that farmers may perceive Non-descript cattle breeds as more resilient at
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optimal temperature than Brahman, resulting in a higher likelihood of choosing Non-descript

cattle breeds.

The predictions further highlight a critical inflexion point in the response to the probability of
selecting Non-descript and Brahman breeds as temperature rises. As the average temperature
exceeds 18°C, farmers exhibit a diminished demand for these breeds. This trend continues until
reaching a temperature threshold of approximately 23°C for Non-descript breeds and 21°C for
Brahman breeds, at which point farmers become uncertain about whether to decrease their
demand for these breeds or not, as there is no significant change in the probability. This aligns
with the broader perception farmers hold regarding the adaptability of cattle in the face of
increasing temperatures. Farmers acknowledge the wvulnerability of cattle to rising
temperatures, yet they continue to prefer indigenous breeds, exemplified by their continued
preference for Non-descript cattle breeds. The results concur with studies suggesting
smallholder farmers in hot areas prefer indigenous cattle breeds (Chenyambuga, Lekule, 2014;
Margersa et al., 2014). Therefore, the study argues that a complex interplay of factors
influences cattle breed selection decisions in response to temperature variations, wherein
considerations of resilience, yield (meat, milk and-income), and adaptability play essential

roles.

» Annual precipitation

The findings show that annual precipitation significantly influences the probability of
smallholder farmers choosing Non-descript, Nguni, and Bonsmara cattle breeds, with
significance levels ranging from 1% to 10%. The linear term of annual precipitation has a
positive effect, while the quadratic term exerts a negative impact on the likelihood of these
breeds being selected by smallholder farmers. Notably, these results exhibit a clear non-linear
pattern, wherein the probabilities of cattle breed selection rise and then decline as precipitation
levels vary. All the breeds exhibit hill-shaped response functions to increasing precipitation
levels, underscoring the complementary nature of their adoption among smallholder farmers as
precipitation increases. The findings imply that with continued increments in annual
precipitation, smallholder farmers become progressively less inclined to select Non-descript,
Nguni, and Bonsmara cattle breeds. Figure 5.7 further shows the predictive margins for

selecting these breeds.
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Figure 5. 7:Effect of annual precipitation on cattle breed choices

The predictions indicate that the propensity to select Non-descript and Bonsmara cattle breeds
increases when annual precipitation falls within the 2000 mm to 1300mm range. The likelihood
of choosing these cattle breeds is at its peak when annual precipitation reaches a range of
1300mm to 1400mm. Notably, at the peak, the likelihood of choosing Non-descript stands at
58%, while Nguni and Bonsmara exhibit probabilities of 41% and 13.3%, respectively. These
findings underscore that, although farmers continue to opt for these breeds as precipitation
levels increase within the ranges above 1000mm to 1400mm, a variation in demand for these
breeds exists, as evidenced by the fluctuations in probabilities across the range of precipitation
levels. At this stage, Non-descript followed by Nguni is more desirable to farmers than

Bonsmara.

Moreover, the results reveal that as precipitation surpasses 1300mm/1400mm, the probability
of selecting these breeds experiences a decline, ultimately reaching uncertainty (zero

likelihood) in whether to choose Nguni and Bonsmara when precipitation is at 1600mm and
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1700mm for Non-descript cattle breeds. This decline can be attributed to farmers' perception
of the risk associated with increasing precipitation to cattle breeds' health. Excessive
precipitation can lead to waterlogged pastures, increased disease prevalence, and reduced feed
quality, which may negatively impact the health and productivity of cattle breeds (Johnson et
al., 2018). The results reveal that compared to Nguni and Bonsmara, the willingness to own
indigenous Non-descript breeds (although very low) extends to higher precipitation levels.
After that, farmers become uncertain whether to continue reducing their ownership of these
cattle breeds.

5.4.6.3 Socio-economic factors influencing cattle breeds choices

> Gender of Household head

The gender of the head of the household had a significant positive relationship with the
selection of Brahman and Non-descript cattle breeds at the 10% and 5% significance levels,
respectively. Male-headed families are more inclined to select Non-descript and Brahman
breeds than female-headed households. The: results align with existing literature, suggesting
that male livestock farmers prioritize income -generation and exhibit a propensity for risk
aversion (Cullen et al., 2018; Taruvinga et al., 2022). The strategic selection of Non-descript
cattle, recognized for their adaptability to'local ‘conditions and'cultural significance, alongside
Brahman breeds, known for desirable traits such as high carcass quality and rapid growth,
suggests a nuanced decision-making process among male farmers. These breeds offer
economic advantages and adaptability to harsh climatic conditions. This choice is particularly
noteworthy as it aligns with the income-oriented and risk-averse characteristics attributed to
male farmers. This nuanced decision-making underscores the multifaceted nature of cattle
breed selection, where economic imperatives and environmental adaptability intersect,
providing a more comprehensive perspective on the dynamics influencing breed preferences

within male-headed households.
> Age of household head

The findings show that the linear term of the age of household head is negative. In contrast, the
quadratic term is positive for selecting Brahman, Non-descript and Bonsmara at 5%, 1% and
10% significance levels. The findings suggest that the selection of these breeds exhibits a U-
shaped response function relative to the age of the household head. This relationship implies
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that older farmers are likelier to choose Non-descript, Brahman, and Bonsmara cattle breeds
than their younger counterparts. The literature on livestock management and decision-making
within farming households offers some insights into the potential reasons behind this U-shaped
relationship. Older farmers may have accumulated more knowledge and experience in cattle
farming, making them more inclined to choose complementary breeds like Non-descript cattle,
Brahman and Bonsmara. At the same time, younger household heads lack the resources to
acquire these breeds. Studies by Mwai et al. (2015) and Tadesse et al. (2018) have shown that
experience and familiarity with specific breeds can heavily influence farmers' preferences,

especially among older generations who might be more resistant to change.

> Membership in the farm organisation

Membership in a farm organisation is positively and significantly associated with Non-descript,
Nguni, and Brahman ownership at a significance level of 5%, 10%, and 1%, respectively. These
findings imply that being a member of a farm-organization positively influences the likelihood
of farmers owning Non-descript, Nguni and Brahman cattle breeds. The literature provides
insights into the potential reasons behind this association. Farm organizations often serve as
platforms for knowledge sharing, resource-pooling, and collective decision-making among
farmers. These organizations facilitate information exchange about cattle breeds, including
their performance, adaptability,iand market opportunities. Research by Nederlof and Pyburn
(2018) highlights the importance of ‘social ‘networks and collective action in influencing
farmers' choices, including the selection of livestock breeds. Membership in a farm
organization can provide farmers with access to extension services, training programs, and
technical support. Such resources can enhance farmers' knowledge and skills in cattle farming,
including breed selection. Studies by Quaye et al. (2014) and Asfaw et al. (2017) emphasize
the role of agricultural extension services in improving farmers' decision-making processes and
adopting improved livestock practices, which can extend to breed selection. A study by Mapiye
et al. (2014) found that community-based breed associations played a vital role in conserving

cattle breeds and promoting their benefits to farmers.
> Traditional religion

Traditional religion is significant and positively associated with the ownership of Non-descript
cattle breeds at a 10% significance level. The results imply that a unit change from Christianity
to African traditional religion is associated with increased ownership of Non-descript cattle
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breeds. This finding implies that households adhering to the traditional African religion are
likelier to own Non-descript cattle breeds than those practising Christianity. The literature
supports the influence of cultural values and traditions on livestock breed preferences,
particularly among African farmers. Studies (Moyo et al., 2017; Mapiye et al., 2014) emphasize
the role of cultural values and tradition in shaping farmers' choices in livestock breeds.
Livestock breeds that hold cultural significance, such as Non-descript cattle breeds, may be
preferred by farmers practising African traditional religion as they align with their cultural
identity and traditional practices.

In addition, the availability and accessibility of Non-descript cattle breeds in the study area
may also contribute to their ownership among households practising traditional African
religions. As mentioned in the study by Melusi et al. (2021), Non-descript cattle breeds are
readily available to farmers in the study area. The local availability of these breeds may make
them a practical choice for households, particularly those with cultural and religious
preferences for Non-descript cattle. Moreover, the specific traits and characteristics of Non-
descript cattle breeds, such as coat colour, may align'with traditional African religion's cultural
and spiritual practices. As mentioned in the study by Shava and Masuku (2019), the red and
black coat colours of Non-descript cattle breeds are'deemed necessary for spiritual and cultural
purposes. These breeds may be utilized in rituals and sacrifices as offerings to ancestors, central
to specific cultural practices in the:study area ;The alignmeént;between the physical attributes
of Non-descript cattle breeds and cultural’ requirements ‘may contribute to their preference

among households that practise traditional African religion.

» Consumption of animal-sourced food

The consumption of animal-sourced food has a significant and positive relationship with the
ownership of Nguni cattle breeds, which is at a 5% significance level. This suggests that
households with more animal-sourced food are likelier to own Nguni cattle breeds. This finding
implies that the demand for animal-sourced food products may drive the preference for owning
Nguni cattle breeds. The literature provides insights into the potential reasons behind this
association. Higher consumption of animal-sourced food is often associated with improved
dietary quality, increased protein intake, and enhanced nutrition. As households prioritize
consuming animal-based products, such as meat and milk, they may recognize the value of
owning Nguni cattle breeds, known for their meat and milk production capabilities (Melusi et

al., 2021). Research by Debsu et al. (2019) emphasizes the importance of livestock ownership
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in improving household nutrition and food security. Owning Nguni cattle breeds can provide
households with a direct source of animal-sourced food, including meat and milk, contributing
to a more balanced and nutrient-rich diet. The positive relationship between the consumption
of animal-sourced food and the ownership of Nguni cattle breeds reflects households'

recognition of these benefits.

> Perception of climate change

Smallholder farmers' perception of climate change was positive and significantly associated
with selecting Non-descript and Nguni breeds at a 1% significance level. The results imply
that smallholder farmers who perceived severe changes in climate over the past 20 years were
more likely to select Non-descript and Nguni cattle breeds than those who did not. One
plausible explanation for this pattern could be because Non-descript and Nguni breeds are
known for their inherent resilience, adaptability, heat tolerance, disease resistance, and feed
efficiency, which make them more suitable for the evolving environmental conditions
experienced by smallholder farmers. In addition, the results suggest the role of knowledge and
awareness in shaping farmers' cattle breed selection decisions. Smallholder farmers perceiving
and responding to climate change may more-likely select livestock breeds that align with their
anticipations of future environmental conditions. The results support studies that suggest that
farmers' perception of climate changeisfundamental to'adaptation decision-making (Ayal and
Leal Filho, 2017; Gonzéalez and L6pez-Feldman, 2021; Abazinab et al., 2022).

In summary, the findings regarding cattle breed selection indicate that with rising temperatures
due to climate change, farmers tend to phase out Non-descript and Brahman breeds.
Specifically, they prioritize dropping Brahman before Non-descript breeds as temperatures
climb. As for increased precipitation, farmers are inclined to phase out non-descript, Nguni,
and Bonsmara breeds, starting with Bonsmara, followed by Nguni, and then Non-descript
breeds. On the contrary, the perception of climate change tends to drive the adoption of Non-
descript and Nguni breeds. Moreover, the results highlight that households led by men are
likelier to choose Non-descript and Brahman breeds than female-headed households. Older
farmers opt for Non-descript Brahman and Bonsmara cattle breeds, unlike their younger
counterparts. Active membership in farm organizations tends to increase the selection of Non-
descript, Nguni, and Brahman breeds. Additionally, adherence to traditional religious beliefs
encourages the adoption of Non-descript cattle, while a preference for animal-sourced food

promotes the selection of Nguni breeds.
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5.4.6.4 Effect of climate factors on sheep breeds choice

This subsection explores the factors influencing the selection of diverse cattle breeds within
the smallholder farming community in the study sites. The discussion is supported by the MVP
results in Table 5.7, which shed light on the factors that significantly contribute to smallholder

farmers' decisions when choosing sheep breeds.

> Average annual temperature

The results show that the average annual temperature significantly influences the choice of
Dohne merino and Doper breeds at a 10% significance level. The study shows that the
likelihood of selecting Dohne merino rises to a certain level as the mean annual temperature
increases, then declines. Conversely, the probability of selecting Doper shows an opposite trend

regarding yearly temperature.

Table 5. 7: The parameter estimates of sheep breed choices from the MVP model

sheep_non_descript DohneMerino doper

Coef. Std. Err. P>z Coef; Std. Err. P>z Coef. Std. Err. P>z
aver_annual_temp 1.387 2.254 0.538 4947 2.663 0.063* -2.709  2.696 0.095*
aver_annual_temp2 -0.037 0.062 0.547 -0.133 0.073 0.070* 0.075 0.075 0.089*
annualsum_prec -0.014 0.023 0.546 0.025 0.026 0.337 0.005 0.031 0.866
annualsum_prec2 0.000 0:000 0,482 0.000, 0.000 0.358 0.000 0.000 0.879
Gender 0.044 0.128 0.729 -0.138 0.143 0.334 0.044 0.174 0.802
Age -0.138  0.046 0.003***  -0.131 0.051 0.010** -0.013  0.057 0.818
age squared 0.001 0.000 0.003***  0.001 0.000 0.007***  0.000 0.001 0.769
Education (years) -0.009  0.011 0.435 0.009 0.012 0.446 -0.020  0.015 0.172
ParticipationFarm group 0.636 0.126 0.000***  -0.027 0.141 0.848 0.253 0.168 0.031**
Traditional 0.041 0.125 0.743 0.161 0.138 0.243 0.087 0.164 0.594
Animal sourced food -0.022 0.126 0.861 0.349 0.137 0.011** -0.239  0.170 0.158
Prisk 0.558 0.133 0.000***  0.150 0.148 0.312 0.211 0.181 0.243
_cons -2.309 26.164 0.930 -60.797  30.557 0.047 19.656  30.355 0.517
Number of obs = 495; Wald chi2(36) = 108.92; Log pseudolikelihood = -625.54951; Prob > chi2  =0.0000

Note: *** ** * represent 1%, 5% and 10% respectively.

In other words, the probability of choosing Dohne Merino displays a hill-shaped relationship,
while the chance to choose Doper exhibits a U-shaped association with the increase in average
yearly temperature, holding other independent variables in the model constant. The results
suggest that as the average annual temperature increases, smallholder farmers will be likelier
to choose Doper sheep over Dohne Merino breeds. Figure 5.8 presents the predictive margins

of the effect of average annual temperature on sheep breed selection.
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Figure 5. 8: Effect of average annual temperature on sheep breeds choices

The results show that the probability of owning the Dohne Merino sheep breed increases as the
average annual temperature is below 19°C, reaching a maximum of 19°C. Above 19°C, the
probability of owning the Dohne Merino breed decreases until it reaches approximately zero
at 22°C. On the other hand, the probability of selecting Doper breeds decreases as the annual
average temperature is below 17°C, reachés.a minimum when temperature ranges between
17°C to 19°C, and increases when the average temperature is between 20°C and 22°C. The
initial increase (decrease) inDohnecMerino (Doper) jpreference signifies that when farmers
perceive temperature conditions ‘as”/favourable,‘they prefer Dohne Merino ownership to
optimize their utility, which is predominantly driven by income objectives. However, as soon
as they apprehend the risks associated with rising average temperatures, there is a noticeable
transition toward adopting the next most resilient breed to withstand harsh temperature
conditions, namely Doper sheep breeds. This strategic shift underscores Doper's adaptability

in coping with hotter climates.

5.4.6.5 Socio-economic Factors Influencing Sheep Breeds Choices

> Age of household head

The findings indicate that the age of the household head had a significant U-shaped association
with Non-descript sheep breeds and Dohne merino sheep breed, with significance levels
between 5% and 10%. The results suggest that the older the farmer gets, the more likely they

will own Non-descript sheep breeds and Dohne merino breeds, compared to the younger
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farmers. Non-descript sheep breeds are characterised by a unique gene pool that allows them
to adapt to various climate risks. In contrast, Dohne merino breeds provide a dual income-
generating opportunity to farmers and help increase total flock income. Therefore, given that
older farmers have been exposed to long-term climatic conditions in the study area, they might
opt for hardy, adaptable breeds such as indigenous Non-descript sheep breeds. Still, at the same
time, they will want to compensate for their income needs by diversifying their herd through
income-generating breeds like Dohne merino breeds. These results contradict Adetarami et al.
(2020) in Nigeria, who found that elderly farmers are less inclined to embrace improved breeds
due to their little interest in long-term investment than young farmers. However, older farmers
in the study area are the breadwinners of their families, and the opportunity cost of not owning
at least one improved breed, such as Dohne Merino, to improve income will be too high. This
implies that a rational older farmer will combine indigenous and improved breeds, aiming for

the complementary benefits of the breeds.

> Membership in the farm organisation

Membership in a farm organization was, strongly:linked to owning Non-descript and Doper
sheep breeds at significance levels of 1% and 5% respectively. The results suggest that farmers
who are members of a farm organisation are'more likely to own Non-descript sheep breeds and
Doper sheep breeds than non-members<in the study)area, some’ farmers indicated they could
access information about disease control measures, market prices for their different breeds, and
climate awareness through the farm organisation. This implies that the kind of information
received by smallholder farmers through farm organisations is crucial in making informed
decisions on the livestock breeds that catch high market prices and those that are adaptable to
the farmer’s local climate conditions, such as indigenous Non-descript sheep breeds. This,
therefore, enhances farmers' adaptive capacity to the growing environmental and economic
uncertainty. Moreover, when the government introduces genetic improvement programmes,
they target farmers in groups, thus increasing the likelihood of farmers in farm organisations

selecting complementing livestock breeds.

» Consumption of animal-sourced food

Consumption of animal-sourced food has a significant and positive relationship with the

ownership of Dohne Merino breeds at a 5% significance level, respectively. The results suggest
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that households consuming animal-sourced food are likelier to own Dohne merino breeds.
Dohne merino breeds are known for producing high-quality tender meat (Cloete et al., 2012).
Similarly, the high income from breeds that obtain high market prices, such as the Dohne
merino breeds, can also enable farmers to purchase diverse animal source foods, consequently

improving household consumption of nutritional food and improving nutritional security.

> Perceptions of climate change

Smallholder farmers' perception of climate change was positive and significantly associated
with selecting Non-descript sheep breeds, at a 1% significance level. The results imply that
smallholder farmers who perceived severe changes in climate over the past 20 years were more
likely to select Non-descript sheep breeds than those who did not perceive severe changes. One
plausible explanation for this pattern could be that Non-descript sheep breeds are known for
their inherent resilience, adaptability, heat tolerance, disease resistance, and feed efficiency,
which make them more suitable for the evolving environmental conditions experienced by
smallholder farmers. In addition, the results suggest the role of knowledge and awareness in
shaping farmers' sheep breed selection decisions; Smallholder farmers perceiving and
responding to climate change may more likely select livestock breeds that align with their
anticipations of future environmental conditions. The results support studies that show that
farmers' perception drive their decision-making (Ayal and:Leal Filho, 2017; Gonzélez and
Lopez-Feldman, 2021; Abazinab et'al., 2022).

In summary, as temperature increases, smallholder sheep farmers are more likely to choose to
the Doper sheep over Dohne merino sheep breed. Yet climate change risk perception increases
the likelihood of adopting Non-descript sheep. Older farmers are likely to select Non-descript
and Dohne merino, compared to the younger farmers. Farm organization participation increases
the likelihood of selecting Non-descript sheep and doper sheep. Consumption of animal-

sourced food increases the adoption of Dohne merino.
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5.5. Chapter Summary

This chapter employed the MVP model to assess how climate factors affect smallholder
farmers' choices of livestock species and breeds, controlling for socio-economic factors. The
study used a 40-year average rainfall and temperature geo-referenced values, to align with
cross-sectional data on livestock choices. The study found that indigenous chickens were the
most common species, followed by cattle, goats, and sheep, while pigs were the least owned
and were excluded from the analysis. Farmers predominantly owned indigenous Non-descript
breeds, with some owning composite and exotic breeds, especially among cattle and sheep
farmers. The analysis focused on cattle and sheep breeds due to their greater diversity than
goats and chickens. The findings suggested that farmers maintain species and breed
complementarily and as substitutes, reflecting adaptive behaviours. The study confirmed that
livestock choice is an adaptation strategy for smallholder farmers, with preferences likely to
shift from cattle to goats as temperatures rise and from cattle to goats and chickens with
increased precipitation. However, the abandonment of cattle may occur non-uniformly across
breeds, with farmers more likely to abandon exotic:and composite breeds before indigenous
cattle breeds as climate conditions warsen. Rising temperatures may lead sheep farmers to
transition from Dohne Merino to Doper sheep breeds. The study also found that socio-
economic factors such as gender, age, education level, religious beliefs, and membership in

farm organizations influence livestock species and breed choices.

5.6 Conclusion

The study concludes that smallholder farmers do not exclusively own livestock species and
breeds but instead utilize the benefits of their substitutability and complementarity. It also
indicates that goats, indigenous Non-descript cattle breeds, and Doper breeds are potential
adaptation strategies for smallholder farmers facing rising temperatures. In addition, Non-
descript cattle breeds, are better resilient to temperature and precipitation compared to Brahman
and Bonsmara in the study area. The study conclude that these livestock species and breed
choices may be less risky for smallholder farmers as they align with the preferences of male
household heads, older farmers, and members of farm organizations, who typically have greater
access to resources and possess extensive experience and knowledge, enabling more informed

decision-making in the context of climate change.
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5.7 Recommendation

The study suggests encouraging smallholder farmers to diversify their livestock portfolios by
partially shifting from cattle to goats and chickens in response to increased precipitation and
increasing goat ownership to cope with rising temperatures. Stakeholders are advised to
provide training sessions on integrated livestock management practices that include goats and
chickens. Additionally, awareness campaigns should target cattle farmers, promoting the
climate resilience of Non-descript cattle breeds over Brahman, especially with rising
temperatures. Knowledge exchange forums and workshops should help cattle farmers
transition to Non-descript breeds. Support programs should assist cattle farmers in transitioning
from Bonsmara to Nguni and then to Non-descript breeds, aligning with increased precipitation
patterns. Agricultural extension services should collaborate to provide resources and
information on the advantages of specific cattle breeds under varying precipitation conditions.
Targeted workshops for sheep farmers should emphasize the benefits of choosing Doper sheep
breeds as temperatures rise. These recommendations empower smallholder farmers to make

informed decisions for sustainable and adaptive livestock practices.
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CHAPTER 6: SOCIO-PSYCHOLOGICAL FACTORS INFLUENCING
SMALLHOLDER FARMERS' INTENTIONS TO ADJUST LIVESTOCK
CHOICES IN RESPONSE TO CLIMATE CHANGE IN THE EASTERN

CAPE

Abstract

This chapter applies the concepts of Protection Motivation Theory to explore the impact of
psychological factors on farmers' intentions to adjust their selection of livestock in response to
climate change. A cross-sectional design was used to select 495 smallholder livestock farmers
through a multi-stage sampling approach. The data was collected via a structured questionnaire
and analysed using structural equation modelling. The results reveal that smallholder farmers
generally held a neutral stance regarding their intention to adjust livestock choices in response
to climate change. Farmers were more likely to consider adjusting their livestock choices when
they perceived higher climate change risks, believed in the effectiveness of this strategy, and
received adequate incentives. Conversely, farmers who perceive extension officers as lacking
climate advisory competence are less likely .to' intend to adjust their livestock choices,
especially when compounded by low" self-efficacy and cognitive biases such as wishful
thinking, climate change denial, and fatalism. The study highlights the need to increase farmers'
awareness of climate-related-risks, bolster their confidence “in the viability of adjusting
livestock choices, and provide more substantial incentives. If implemented in policy, these
measures could effectively encourage farmers to adjust their livestock choices, thereby
enhancing their livelihood resilience amidst climate change challenges. Additionally, the
findings underscore the importance of addressing negative influences, potentially boosting
farmers' self-belief and discouraging maladaptive behaviours. In conclusion, the research
demonstrates that Protection Motivation Theory provides a valuable framework for
understanding farmers' intentions to adjust their livestock choices in response to climate

change.

Keywords: Socio-Phycological, Livestock Adjustment, Intentions, Climate Change

Adaptation, Smallholder Farmers
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6.1 Introduction

Addressing climate change adaptation, especially in developing nations, is essential and has
been prioritised (Feng et al., 2017). Adaptation to climate change in agriculture is commonly
understood as making changes to mitigate the consequences of climate change on livelihoods,
agricultural practices, and human well-being (Villamor et al., 2023). Autonomous adaptations,
often known as modifications in farming operations at the individual farm level (such as
changing the livestock species owned), play a crucial role in effectively adapting agriculture to
climate change (Feng et al., 2017). With the escalating necessity to proactively prepare for
climate variations through adaptation, there is a growing need to comprehend the drivers
behind farmers' adaptation and how these factors interact to prompt action (van Valkengoed
and Steg, 2019; Steynor et al., 2021).

Villamor et al. (2023) contend that forecasting individuals' intentions and behaviours towards
adaptation and informing policies related to adaptation are essential. Therefore, enhancing our
understanding of the underlying processes-that drive adaptation decisions is imperative.
Understanding these motivations allows one to-devise more impactful interventions by aligning
them with influential factors that drive adaptation actions (Steynor et al., 2021). Several
empirical kinds of research have been conducted in South Africa to examine how smallholder
agriculture adjusts to climate change(Fhinda et-ali; 2020; Myeni and Moeletsi, 2020; Mdoda,
2020; Olabanji et al., 2021; Nkoana et‘al.;:2021; Ogundeji,©2022). These studies acknowledge
that farmers' decision-making processes regarding climate change adaptation strategies are
influenced by their social, biophysical, institutional, and economic contexts. Although these
studies have provided some understanding of farmers' decision-making processes regarding
adapting their behaviours, they have mostly neglected to consider the psychological obstacles
that may hinder adaptation. Only a few studies, particularly in South Africa (e.g., Chipfupa et
al., 2021), have thoroughly examined the influence of psychological factors on farmers'

decisions regarding selecting adaptation measures.

Psychological factors refer to aspects of an individual's mental processes, including thoughts,
emotions, beliefs, and attitudes, which can influence behaviours and decision-making
(Vercammen et al., 2023). These factors are internal to the individual and are based on their
perceptions and cognitive processes. These factors can substantially influence individuals'
preparedness and intentions to embrace adaptive measures within climate change adaptation.

For example, the study conducted by Dang et al. (2014) discovered that psychosocial
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characteristics, such as risk perception, and psychological resources, like perceived control and
self-efficacy, are linked to adaption behaviours. These findings indicate that psychological
aspects are of utmost importance in influencing how farmers react to climate change and their

capacity to adjust to its consequences.

Previous literature has predominantly focused on economic theories to explore smallholder
farmers' responses and adaptive behaviours to climate change (Ajak et al., 2018; Chete, 2019;
Mdoda, 2020). Despite economists traditionally viewing farmers' behaviour as rational and
profit-driven, there is a growing acknowledgement that individual perceptions of the
environment impact environmental behaviour (Keshavarz and Karami, 2016). Consequently,
general theories, including economic ones, often fall short of acknowledging the role of
individual motivations in environmental protection (Keshavarz and Karami, 2016).
Smallholder farmers' adaptive behaviour is notably intricate and likely influenced by
psychological aspects like risk perception (Dang et al., 2012) Psychology offers insights
beyond conventional economic theories into farmers' decision-making (Waldman et al., 2020).
Thus, behavioural economics has emerged as an empirically grounded framework that utilizes
psychological concepts, particularly in uncertain situations like climate change, to comprehend
human decision-making (Dang et al., 2012;°Waldman et al., 2020). This interplay between
psychology and economics aids in explaining smallholders' decision-making amid climate
change (Dang et al., 2012). Chipfupa et al.;(2021) hayeishoewn,that factors beyond economics,
such as psychological capital, impactfarmers* adaptive behaviour, highlighting the inadequacy

of investigating climate change adaptation without considering psychological factors.

In the domain of environmental decision-making, various conceptual models have been
devised by social and behavioural scientists (Ghanian et al., 2020). Notable theories in
environmental psychology include the Value-Belief-Norm theory (VBN) by Stern (2000), the
Theory of Planned Behavior (TPB) by Ajzen (1991), as well as the Protection Motivation
Theory (PMT) by Rogers (1983). Although the TPB and VBN models are effective in
explaining how attitude and social environment influence behaviour, they are not as capable of
understanding the factors that predict behaviour in situations of risk and uncertainty, which are
particularly important in the context of climate adaptation decision-making (Dang et al., 2014;
Ghanian et al., 2020). These two theories in environmental psychology have effectively been
employed to anticipate farmers' intentions to engage in behaviours related to adapting to
climate change. However, these theoretical models do not encompass the threat posed by
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climate change or the cognitive processes involved in evaluating and responding to this threat,

which could encourage changes in pro-environmental behaviour (Chen, 2020).

In contrast, the Protection Motivation Theory (PMT) comprehensively addresses these aspects.
Ghanian et al. (2020) highlight the value of PMT in its predictive capacity, positioning it as a
valuable tool for making decisions regarding local adaptation within the agricultural sector.
PMT enables governments to pinpoint significant barriers to implementing adaptation practices
at both individual farm and community levels, thus contributing more effectively to bottom-
up, context-specific adaptations to climate change and the formulation of agricultural policies
(Ghanian et al., 2020). Though PMT has been successfully applied in understanding farmers'
responses to climate change (i.e., Dang et al., 2014; Luu et al., 2019; Truelove et al., 2015;
Ghanian et al., 2020; Gebrehiwot and van der Veen, 2021; Purwanti et al., 2023), especially in
minimizing risks, its application in livestock management amidst climate change, particularly
in South Africa, remains unexplored. Therefore, this chapter aims to explain the behaviour of
smallholder livestock farmers in the Eastern Cape province, utilizing the theoretical framework
of PMT to alleviate the negative consequences of climate variability. Specifically, the chapter
aim to investigate socio-psychological factors influencing smallholder farmers' intentions to

adjust livestock choices in response to ¢limate change.

6.2 Literature review: Protection Mativation Theory and Hypotheses
Development

The Protection Motivation Theory (PMT) was initially devised to elucidate behaviours aimed
at reducing risks or intentions to engage in protective behaviours within health and social
psychology (Rogers, 1975; Rogers, 1983). Recently, PMT has expanded its scope to
encompass natural environmental hazards, focusing mainly on farmers' adaptation to climate
change (Truelove et al., 2015; Luu et al., 2019; Ghanian et al., 2020; Gebrehiwot & van der
Veen, 2021; Purwanti et al., 2023). PMT is grounded in the expectancy-value theory and
delineates the social and cognitive processes that underlie protective behaviours (Fischer-
Preller et al., 2021). The theory suggests that an individual's propensity to safeguard
themselves against potential dangers is the fundamental factor influencing their actions in
reaction to current hazards (Villamor et al., 2023). The PMT model consists of four essential
components in its overall cognitive processes: coping appraisal, threat appraisal, protective
motivation, and maladaptive coping (Dang et al., 2012; Luu et al., 2019).
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Regarding climate change, previous studies (Dang et al., 2012; 2014; Ghanian et al., 2020)
have utilized the Protection Motivation Theory (PMT) to explore climate change adaptation.
PMT conceptualizes four fundamental constructs: climate change risk perceptions, assessment
of adaptation practices, maladaptation, and intentions to adapt. This framework is based
explicitly on the theory that the decision to confront a threatening event like climate change
depends on the assessment of risk or threat and the cognitive processes involved in coping with
or adapting to it (Fischer-PreBler et al., 2021; Villamor et al., 2023).

In this study, socio-psychological factors, as defined by PMT, encompass perceived threat
severity, self-efficacy, resource efficacy, maladaptive responses, and understanding of
response costs. Additionally, following the works of Ghanian et al. (2020) and Dang et al.
(2014), these factors include incentives, subjective norms, and perceived climate advisory
competence (labelled as trust). Figure 6.1 illustrates the conceptual framework based on the

Protection Motivation Theory.

Threat Appraisal

‘ CC Risk perception }wx

Subjective norms ‘ ‘ Incentives

‘ Perceived Severity H14 (+)

}» | Switching intentions

Adaptation (livestock 19 ) H3 ()
switching) Assessment
‘ Effectiveness }AQ ¢ e

‘ Self- efficacy )%

‘ Response cost

H12 (+)

Figure 6. 1:Conceptual framework based on the Protection Motivation Theory

Note: H denote hypothesis; and (+)/ (-) denotes the expected direction of influence

Source: Adopted and modified from Dang et al. (2014) and Yazdanpanah et al. (2020)
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6.2.1 Threat Appraisal

The thread appraisal examines the risk presented to farmers by climate change, encompassing
two factors: perceived vulnerability (in this study conceptualized as perceived risk) and
perceived severity (Villamor et al., 2023). Perceived vulnerability pertains to an individual's
subjective assessment of their exposure to and likelihood of being affected by climate change
hazards (Ghanian et al., 2020), indicating farmers' expectations of facing the threat of climate
change (Dang et al., 2014). Perceived severity reflects the extent of damage farmers anticipate
bearing if the threat materializes (Dang et al., 2014). Consequently, risk appraisal focuses on
identifying the source of a threat and the factors that increase or decrease the likelihood of
engaging in harmful responses (Villamor et al., 2023). According to the PMT, the threat
assessment is more likely to prompt adaptive behaviour when the perceived severity and
vulnerability outweigh the potential benefits of maintaining the current situation (Fischer-
Preller et al., 2021).

Perceptions of risk and the severity of that risk serve as significant social and psychological
drivers motivating farmers' behaviours in adapting to climate change (Arbuckle et al., 2013;
Tiet et al., 2022; Azadi et al., 2019). These perceptions serve as the foundation for influencing
attitudes towards adaptation, which have a solid ability to anticipate the actions taken by
farmers (Azadi et al., 2019). Perceptions of farmers regarding the consequences of climate
change are often linked to their awareness of whether it will impact their agricultural activities
in the future (Arbuckle et al., 2013; Tiet et al., 2022). Azadi et al. (2019) emphasize that climate
risk perception and severity exert a more significant effect on farmers' behaviours than the
observed climate patterns. Studies indicate that perceptions of climate change are superior
predictors of intentions for climate change adaptation compared to socio-demographic

characteristics (Purwanti et al., 2023).

Prior research has demonstrated that risk perceptions and the severity of these perceptions are
fundamental to both the willingness to take action on climate change (Dang et al., 2014) and
the actual execution of climate change responses (Gebrehiwot and van der Veen, 2020; Steynor
et al., 2021). Intentions to adopt sustainable practices are correlated with higher perceived
risk/vulnerability and severity (Almarshad, 2017). Perceived risk/vulnerability and severity
have a positive correlation with the intention to engage in sustainable behaviours (Almarshad,

2017), implement comprehensive pro-environmental practices, and undertake adaptive
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measures (Rainear and Christensen, 2017). Individuals who believe that climate change will
lead to severe calamities and recognize their vulnerability to substantial adverse consequences
are more inclined to participate in efforts to alleviate climate change (Chen, 2020). This is
influenced by the protective incentive mechanism described by Chen (2020). However, Azadi
et al. (2019) highlighted that the link between farmers' risk perceptions and their responses to
climate change has received relatively limited research attention. Consequently, the study

presents the following hypotheses:

Hypothesis 1: Heightened perceived risks will prompt smallholder livestock farmers' intention
to adjust their livestock in response to climate variability.

Hypothesis 2: A high perception of the severity of climate hazards will motivate smallholder
livestock farmers to intend to adjust their livestock as a strategy to safeguard their livelihoods

against climate change.

6.2.2 Coping Appraisal

When farmers reach a certain level of perceived risk, they initiate assessing adaptations (Dang
et al., 2014). The assessment hegins when individuals gather knowledge and take specific
activities to address climate change’They do so with-confidence in their abilities to implement
suggested solutions and obtain the necessary resources (Chen, 2020). This assessment
comprises three components: perceived self-efficacy, perceived adaptation efficacy, and
perceived adaptation cost (Chen, 2020; Purwanti et al., 2023). Perceived self-efficacy reflects
individuals' beliefs about their capability to undertake adaptive measures (Dang et al., 2014).
Perceived adaptation efficacy, also known as perceived response effectiveness, refers to
individuals' trust in the efficacy of adaptation strategies, signifying their belief that these
measures (livestock choice adjustment, in this case) will yield desired results (Bradley et al.,
2020). Perceived adaptation cost encompasses the perceived expenses associated with adopting
adaptive measures, encompassing monetary, temporal, and effort-related costs (Grothmann and
Patt, 2005; Dang et al., 2014). Consequently, individuals who believe in the success of
prescribed climate change-related behaviours and have a strong sense of self-efficacy are
likelier to engage in these behaviours due to the protection incentive mechanism (Chen, 2020).
As a result, the study formulated the following hypotheses:
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Hypothesis 3: Smallholder livestock farmers who believe that adjusting livestock practices is
an effective strategy in response to climate change are more likely to intend to adjust their
livestock practices.

Hypothesis 4: Smallholder livestock farmers who perceive themselves as highly capable of
adjusting livestock in response to climate change are more likely to intend to adjust their

livestock practices.

Hypothesis 5: Smallholder livestock farmers who perceive adjusting livestock as involving
significant capital investment (monetary, time, or effort) are less likely to intend to adjust their

livestock practices.

6.2.3 Maladaptation and Adaptation Intention

Following assessing climate change risks and potential adaptations, farmers choose between
maladaptive responses or demonstrating an intention to adopt behavioural adaptations
(Ghanian et al., 2020). Maladaptation combines fatalism, wishful thinking and ignorance (Dang
et al., 2014; Purwanti et al., 2023). While protective responses to climate change aim to reduce
the physical risks posed by a specific threat, maladaptive responses, such as denial, fatalism,
and avoidance, primarily aim to alleviate, the emotional, consequences of the threat (Babcicky
and Seebauer, 2019). The attitudes of fatalism, denial, and irrational optimism regarding the
challenges linked with climate change can impede farmers' efforts to adapt (Purwanti et al.,
2023). Previous research has shown discrepancies in the impact of perceived maladaptation on
intentions to adapt. For instance, Dang et al. (2014) observed a negative influence of
maladaptive responses on intentions to adapt, whereas Ghanian et al. (2020) found that
perceived maladaptation positively influences intentions to adapt. However, following the

PMT, the current study developed the following hypothesis:

Hypothesis 6: Maladaptive behaviors discourage the intention to adjust livestock in response

to climate change.

Babcicky and Seebauer (2019) highlight the crucial distinction between protective behaviours

and maladaptive responses, suggesting that these responses may stem from different underlying
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factors. For instance, the intention to protect might be more closely linked to assessing threats,
while maladaptive behaviours could be more associated with coping appraisals. Previous
research (Dang et al., 2014; Richert et al., 2017; Ghanian et al., 2020) has consistently shown
that threat appraisal and maladaptive responses have a clear negative association. Babcicky and
Seebauer (2019) argue that threat appraisal is likely influenced by feedback effects over time,
suggesting that adopting wishful thinking, for example, might reduce the perceived level of
risk. Shillair (2020) proposes that when threat appraisal outweighs coping appraisal, it leads to
maladaptive responses, while a stronger coping appraisal results in achieving protection

motivation. Based on these premises, the study formulated the following hypotheses:

Hypothesis 7: High perceived risk discourages maladaptive behavior among smallholder
livestock farmers.

Hypothesis 8: High perceived severity of climate risks discourages maladaptive behavior
among smallholder livestock farmers.

Hypothesis 9: A high perceived effectiveness of livestock adjustment in response to climate
change discourages maladaptive behavior.

Hypothesis 10: High levels of self-efficacy discourage maladaptive behavior.

Hypothesis 11: High perceived costs associated with livestock adjustment encourage

maladaptive behavior.

While the PMT has previously demonstrated its'ability to yield valuable insights, augmenting
it with additional variables could enhance its predictive power regarding farmers' adaptive
behaviours. Ghanian et al. (2020) also asserted that positively assessing adaptation strategies
and perceiving threats or risks doesn't automatically translate into an intention to adapt. To
address this, they followed Dang et al. (2014) by incorporating external factors into their
model: incentives, disincentives, subjective norms, and beliefs about climate change. Similarly,
the current study enhances the model by including variables that represent external influences
on farmers' behaviour (Azadi et al., 2019; Ghanian et al., 2020). Consequently, the study
incorporates subjective norms, incentives, and perceived climate advisory competence to better
comprehend farmers' intentions to adapt by adjusting livestock choices in response to climate

change.
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6.2.4 Perceived climate advisory competence of extension officers

When individuals face uncertain or imperfect conditions for decision-making, they often seek
guidance from knowledgeable and credible sources, particularly experts in the relevant field
(Arbuckle et al., 2015). In the agricultural sector, the technical competence of extension
officers plays a crucial role in shaping farmers' adaptation strategies by providing reliable
climate-related information and recommendations (Antwi-Agyei and Stringer, 2021). Effective
climate advisory services enhance farmers’ ability to make informed choices regarding risk
mitigation and resource allocation (Popoola et al., 2020). For instance, the provision of accurate
and timely climate information has been linked to improved agricultural planning and
adaptation outcomes (Nocezo et al., 2024). However, the extent to which farmers perceive
extension officers as technically competent can determine their willingness to act on the
provided recommendations (Afsar and Idrees, 2019). In some cases, farmers may disregard
adaptation advice if they question the accuracy, relevance, or applicability of the information.
Therefore, this study examines the role of perceived technical competence in influencing
adaptation decisions.

Hypothesis 12: A high level of perceived:technical competence among public extension

officers enhances smallholder farmers' intentions to adjust livestock choices

6.2.5 Subjective norms

Subjective norms encompass external expectations dictating how individuals are expected to
feel, act, or think in specific situations (Steynor et al., 2021). These norms generally fall into
two categories: descriptive norms, which involve observing what others do, and prescriptive
norms, indicating what society typically approves or disapproves of (Steynor et al., 2021). An
individual's normative beliefs shape subjective norms, whether others' opinions signal approval
or disapproval regarding a particular behaviour, weighed against their motivation to comply
with these norms (Zhang et al., 2020). The sense of moral obligation to engage in pro-
environmental behaviour often prompts individuals to exhibit climate change mitigation
actions to satisfy their pride (Chen, 2020). Social or subjective norms have been demonstrated
to significantly influence human behaviour, particularly in the African context (Steynor et al.,
2021). Chen (2015, 2016) also suggests that perceived moral obligation and moral norms
significantly predict both intended and actual climate change mitigation behaviours. Similarly,

Doran et al. (2020) reveal that perceived social norms positively impact the intention to adopt
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nutrient management approaches for resilient climate change adaptation. As a result, the

following hypothesis has been posited:

Hypothesis 13: A high level of perceived subjective norms positively influences farmers'

intentions to adjust livestock choices in response to climate change.

6.2.6 Incentives

For an improved implementation of agricultural climate adaptation technologies, there's a need
to analyze the interaction dynamics between the government and farmers (Sun et al., 2023).
Carelsen et al. (2023) note that the South African government has primarily taken a reactive
stance toward climate hazards like droughts, focusing mainly on providing relief to farmers,
often arriving too late and proving insufficient. Bahta and Myeki (2021) observed that a mere
3% of smallholder livestock farmers received government support through drought relief
grants, while only 5% adopted drought-tolerant breeds to combat the effects of climate change.
Despite these low numbers, government support remains crucial in smallholder farmers'
responses to climate change. Research by Matlou et al. (2021) suggests that smallholder

farmers who received drought relief supportexperienced an enhancement in their well-being.

Sun et al. (2023) suggests that previous research focusing on government-farmer interactions
confirms the positive impact of government support on farmers' adaptive behaviours. Prior
studies (Dang et al., 2012, 2014; Ghanian ¢t al.,;2020) have conceptualized incentives within
this framework as government support encouraging farmers to address the effects of climate
change. This support includes government provisions of climate disaster information and
warnings, aiding poor households in purchasing agricultural insurance, and facilitating the
transition to different varieties suited for climate change responses. As a result, the following

hypothesis was posited:

Hypothesis 14: A high perceived level of government support toward adaptation among
smallholder livestock farmers positively influences their adapting behaviour through adjusting

livestock choices in response to climate change.
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6.3 Material and Methods

6.3.1 Sampling procedure

The approach employed in this chapter aligns with the research objective and adheres to the
multi-stage method outlined in Chapter 1. For the analysis, we focused solely on the 495
livestock farmers. While this section does not delve into the specific details of the sampling
approach, these can be referenced in Chapter 1.

6.3.2 Estimation procedure

Structural Equation Modeling (SEM) enables the comprehension of how various factors impact
farmers' intention to transition livestock due to climate change. SEM is a statistical technique
that evaluates the connection between two variables within a specific framework: direct
measurements from questionnaires and indirectly measured factors (Luu et al., 2019).
Determining the number of variables and-items-aligns with the PMT theoretical framework.
Aside from confirming the framework's construction, SEM permits the evaluation of
relationships or models between these fundamentalfactors. This study utilized a SEM approach

involving two primary analyses: factor analysis-and-structural modelling.

6.3.2.1 Factor Analysis

Factor analysis proves particularly valuable in uncovering the underlying factors that tie
together variables, achieved by categorizing correlated variables under a common factor
(Verma and Abdel-Salam, 2019). Factor analysis can be conducted using two primary
approaches: confirmatory factor analysis (CFA) and exploratory factor analysis (EFA). In this
study, EFA was employed to assess dimensionality and ascertain the quantity and
characteristics of the observed statements in the questionnaire. The EFA aims to pinpoint
suitable items based on the magnitude of factor loadings and their significance (Luu et al.,
2019; Shrestha, 2021). A CFA was conducted after estimating the number of factors and
examining the pattern of items' factor loadings to validate the replicability of the item
covariance within the sample. Therefore, EFA usually occurs at an earlier stage in the analysis
process. A CFA takes place after the fundamental structure has been established through

previous empirical (EFA) and theoretical (PMT) foundations (Luu et al., 2019).
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Two statistical indicators are used to assess the data’s eligibility for factor analysis. The Kaiser-
Meyer-Olkin (KMO) metric assesses the adequacy of a sample, while Bartlett's Sphericity Test
evaluates the sphericity of the data. The KMO assessment evaluates the sampling sufficiency
for individual variables within the model and the entire model. The KMO measure of sample

adequacy is calculated using the provided formula:

Ziat Rl2
L
Dizj Rij+2i¢j Uij

[Egn 6.1]

Rjj is the correlation matrix, whereas Uij denotes the partial covariance matrix. The KMO value

falls within the ranges of 0 to 1.

Shrestha (2021) states that a KMO value ranging from 0.8 to 1.0 indicates a satisfactory sample.
KMO values between 0.7 and 0.79 suggest a moderate sample, while values from 0.6 to 0.69
indicate a somewhat subpar sample. KMO values below 0.6 indicate an inadequate sample,
requiring corrective measures. If the KMO value is below 0.5, the factor analysis results might
not be suitable for effectively analyzing the data (Shrestha, 2021). The varimax orthogonal
factor rotation method was used to standardize the scale of the various measured variables used
in the study. According to Dang et al. (2014);|itis: recommended that all standardized factor
loadings should be equal to or greater than 0.5: Variables with loading values greater than or
equal to 0.5 indicate a strong relationship between the observed indicators and their associated
constructs. Additionally, it plays,a role in establishing the accuracy and reliability of the
findings (Hair et al., 2010).

6.3.2.2 Structural equation model

Figure 6.2 illustrates the process of structural modelling involving the arrangement of
components and facets within a framework. The framework comprises the measurement and
structural models, known as the outer and inner models (Luu et al., 2019; Hair et al., 2021).
The measurement model outlines the approach for evaluating components using observable
aspects, while the structural model contains the linkages between these factors. Measurement
models can be divided into two categories: those for exogenous hidden variables, which only
explain other constructs, and those for endogenous latent variables, the constructs examined in
the model (Hair et al., 2021).

The associations between observable variables X1, X2... X13 (depicted as rectangles in a path

diagram) and the underlying constructs or factors F1, F2, F3, and F4 (represented as circles or
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ovals in the path diagram) are displayed. Additionally, el-e11 signifies the observed variables'
error terms, while z1 and z2 represent the error terms for the explained constructs or factors.
Error terms are responsible for accounting for unexplained variations during the estimation of
path models. The connections between constructs and their associated indicators and the
relationships among different constructs are illustrated using arrows (as explained by Hair et
al., 2021).

Measurement model/outer
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variables latent variables
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Figure 6. 2: A simple path model in structural equation modelling.

Following Luu et al. (2019), the measurement model is mathematically expressed as follows:

Xi = AiFl + ei;i = 2 [Eqn 62]
Xk = /1kF3 + €k, k = LS [Eqn 64]
Xp =ApFy + ey k =9,11 [Eqn 6.5]

A1, A2, A3, ..., A8 are coefficients representing the factor loadings. F1, F2, and F3 are factors to

which the variables are related; el, €2, ...e8 are measurement errors for each variable.

The variables X1, X2, and the factor F1 have a linear dependence on the coefficients A1 and

A2, while el and e2 represent the measurement errors of these variables. Similarly, regressions
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2-4 represent the linear correlations between X4-X6 and F2, X7-X8 and F3, and X9-X11 and
F4. The structural model is captured by Equations (6.6) and (6.7):

F3 = B1F; + B, F, + 74 [Eqn 6.6]
F4_ = ﬁ3F3 + Zz [Eqn 67]

Where: B1, B2 and B3 are regression coefficients representing the relationships between F1, F2,
and F3, as well as between F3 and F4; z1 and z2 are the potential errors associated with F3 and

F4, respectively.

In Structural Equation Modelling, the factor loadings are essential parameters, and their
estimation is achieved using bootstrapping in maximum likelihood estimation (MLE). The
MLE produce a projected covariance matrix X that roughly resembles the sample covariance

matrix X. FML gives the appropriate function to be minimalized:
fML =mIn|Z| - n|Z|+tr[Z27] -p [Eqn 6.8]

In this context, p refers to the number of factors, while ¥ and X' denote the covariance matrices.
An iterative approach is employed to solve Equation (6.8) using a chosen initial value. In
addition, fML is employed in the chi-square (x2) test of goodness-of-fit, which assesses the

extent to which the model aligns with the sample:
X2 =fML x(n—1) [Eqn 6.9]

where n represents the total number of samples. Goodness-of-fit indices, such as Tucker-Lewis
index (TLI), root mean square error of approximation (RMSEA), comparative fit index (CFI)
and standardized root mean square residual (SRMR), are commonly used to evaluate model fit.
A better model is indicated by a smaller RMSEA and SRMR or a higher CFl and TLI (Luu et
al., 2019).

6.3.2.3 Measurements of variables used in the model

The structural equation model incorporates ten constructs derived from the modified protection
motivation theory. These include risk perception of climate change, adaptation cost, perceived
severity, self-efficacy, maladaptation, adaptation efficacy, incentives, subjective norms,

perceived climate advisory competence, and adaptation intention. Table 6.1 details the
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observed indicators used to measure these constructs. The observed item statements were

measured using a 5-point Likert scale.

Table 6. 1:The PMT'’s constructs, items and measurements in the questionnaire

Construct/ latent variable

Item code

Observed item statement

Measurement

Risk perception riskperl | think climate change poses a risk to water “5-point Likert scale: 1 =
resources strongly disagree to 5 =
Riskper2 | think climate change reduces livestock feed strongly agree”
Riskper3 I think climate change compromise livestock
reproduction
Riskper4 | think climate change increases livestock disease
occurrence
Perceived severity Psvl Perceived severity of drought on livestock “5-point Likert scale: 1= Not
production severe, 5=extremely severe”
Psv2 Perceived severity of low river and dam water levels
on livestock production
Psv3 Perceived severity of floods on livestock production
Response efficacy efecl Perceived effectiveness of goats in response to “5-point Likert scale: 1=
climate change Extremely ineffective -5=
efec2 Perceived effectiveness of sheep in response to extremely effective”
climate change
efec3 Perceived effectiveness of cattle in response to
climate change
efecd Perceived effectiveness of chicken in response to
climate change
Perceived response cost Time Cost of adjusting livestock choices in terms of time “5-point Likert scale:1= not
money Cost of adjusting livestock choices in terms of costly at all, 5= extremely
money costly”
labour Cost of adjusting livestock choices in terms of labour
requirement
Self-efficacy sefl Own ability to manage goats under climate risk “5-point Likert scale
sef2 Own ability|to manage sheep under climate risk 1=Extremely unable to 5=-
sef3 Own ability to-manage cattle under climate risk extremely able”
sef4 Own ability to manage chickens under climate risk
Perceived climate advisory Trtl Government extension officers can offer up-to-date “5-point Likert scale: 1 =
competence of extension information on climatic data and potential hazards. strongly disagree to 5 =
officers Trt2 Goyernmentiextension officers-can offerme strongly agree”
sufficient knowledge to determine the appropriate
livestock'to raiserin lightof climate threats.
Trt3 Government extension agencies can offer me
accurate information regarding climate hazards.
Incentives Incl The government supports adjusting livestock choices  “To what degree do those acts
Inc2 The government support dissemination of impact adaptive behaviour: 1=
information regarding disaster warnings. not at all, 5=very much”
Inc3 The government provide support to drought/ floods
affected farmers
Subjective Norms Shnl I should maintain climate-resilient livestock as per “5-point Likert scale: 1 =
the requests of my friends, relatives, and neighbours.  strongly disagree to 5 =
Shn2 Since my family and close relatives are engaged in strongly agree”
climate-resilient livestock rearing, I, too, will
participate in this endeavour.
Shn3 My family and close relatives expect me to adopt
behaviours that support climate change mitigation.
Maladaptation Mall It is not necessary to adjust livestock choices since “S-point Likert scale: 1 =
they do not work strongly disagree to 5 =
Mal2 Everything is decided by fate strongly agree”
Mal3 God and my ancestors will protect my farm
household
Livestock adjustment intention Intl | intend to switch from large ruminants (cattle) to How likely are you to consider
smaller ruminants (sheep) as a response to climate or implement the following
change livestock switching options?
Int2 | plan to switch from grazers (cattle and sheep) to a “5-point Likert scale: 1 =
more adaptable livestock species like goats that can strongly disagree to 5 =
browse on a variety of vegetation in changing strongly agree”
climate conditions)
Int3 | am considering changing from traditional livestock

breeds to drought-tolerant breeds that are better
suited for climate-resilient farming practices

180



Int4 | aim to diversify my livestock portfolio by
introducing a mix of poultry and small ruminants to
mitigate risks associated with climate variability
impacting larger livestock species.

Two constructs were measured for thread appraisal: risk perception and perceived severity.
Climate change risk perception evaluates farmers' views on the risks that climate change poses
to their livestock production, spanning concerns about water resources, vegetation,
reproduction, and disease occurrence. Perceived severity focuses on the severity of specific
climate-related challenges impacting livestock production, such as drought, low water levels,
and floods.

Within the livestock adjustment adaptation assessment, response efficacy gauged farmers'
beliefs regarding the effectiveness of various livestock species in responding to climate change.
Perceived response cost captured the perceived costliness of adjusting livestock choices
regarding time, money, and labour due to climate change. Self-efficacy measures farmers'

perceived ability to manage different livestock species under climate risk conditions.

In addition, perceived climate advisory competence examined the degree to which farmers
perceive government extension agencies to,provide timely and accurate climate information
and support for livestock management.-Incentives evaluated the perceived influence of
government actions, like supporting livestoek adjustment or providing disaster warnings, on
adaptive behaviour. Subjective norms’explored’social influences, questioning whether farmers
feel pressured by friends, relatives; and neighbours to adopt climate-resilient livestock
practices.

Maladaptation gauges farmers' attitudes towards non-adaptive responses, fatalistic beliefs, and
relying on external factors like fate or divine intervention rather than adapting livestock
management practices to climate change. At the same time, livestock adjustment intention
measured farmers' likelihood to implement various livestock adjustments options in response

to climate change, including transitioning between different livestock species or breeds.
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6.4 Results and Discussion

6.4.1 Descriptive statistics

Table 6.2 presents an overview of the descriptive results of the factors employed in the model.
In interpreting the Likert scale data, the approach taken in this study adheres to the
methodology outlined by Sozen and Given (2019), which entails categorizing the scoring
range of the Likert scale. Precisely, the mean values falling within the ranges of 1.00-1.80,
1.81-2.61, 2.61-3.40, 3.41-4.20, and 4.21-5.00 correspond to the labels of "Strongly disagree,"

"Disagree,” "Neither,"” "Agree," and "Strongly agree," respectively.

The findings demonstrate that the average climate change risk perception assessment is 3.19.
This suggests that a substantial portion of livestock farmers maintain a neutral stance
concerning their perception of the risk posed by climate change to livestock production. This
neutrality might reflect a lack of clear consensus among the farmers about climate change risks
to their livestock-based activities. In parallel, the outcomes reveal a comparable neutral
sentiment (M=3.28) concerning the perceived severity of climate change impacts on livestock
production. Farmers appear to have a nuanced:viewpoint of how climate change affects
livestock production. This middle-groundresponse could indicate that while they acknowledge
the potential for adverse effects, they are not entirely convinced.of the severity of these impacts
on livestock production. The perceived gffectiveness of livestock adjustment as an adaptation
strategy (mean value of 3.42) points to a more positive outlook. The finding suggests that
farmers generally believe that transitioning to certain livestock species, notably goats and
sheep, holds promise as a way to mitigate the challenges posed by climate change. This could
indicate that some farmers see livestock adjustment as a viable way to safeguard their

livelihoods.
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Table 6. 2: Descriptive statistics of Item and construct used in SEM

Construct/ latent variable Item code Observed item statement Mean SD
Risk perception/perceived vulnerability riskperl I think climate change poses a risk to water resources 4.17 1.03
(M=3.91) Riskper2 I think climate change reduces livestock feed 411 1.13
Riskper3 I think climate change compromise livestock reproduction 3.62 1.09
Riskper4 I think climate change increases livestock disease occurrence 3.75 1.08
Perceived severity Psvl Perceived severity of drought on livestock production 3.99 1.15
(M=3.28) Psv2 Perceived severity of low river and dam water levels on livestock production 3.28 1.38
Psv3 Perceived severity of floods on livestock production 2.58 1.07
Response efficacy/perceived effectiveness efecl Perceived effectiveness of goats in response to climate change 4.26 0.94
(M=3.42) efec2 Perceived effectiveness of sheep in response to climate change 3.44 0.98
efec3 Perceived effectiveness of cattle in response to climate change 2.44 1.15
efecd Perceived effectiveness of chicken in response to climate change 3.53 1.32
Perceived response cost (M=3.45) Time Cost of adjusting livestock choices in terms of time 2.96 1.24
Money Cost of adjusting livestack choices in terms of money 4.03 0.97
labour Cost of adjusting livestock choices in terms of labour requirement 3.35 1.05
Self-efficacy (M=3.19) sefl Own ability to manage goats.under-climate risk 3.44 1.22
sef2 Own ability to manage sheep under climate risk 3.08 1.28
sef3 Own ability to manage cattle under climate risk: 2.78 1.22
sefd Own ability to manage chickens-under,climate risk 3.46 1.42
Perceived climate advisory competence Trtl Government extension officers can offer,up-to-date information on climatic data and potential hazards. 2.90 1.36
(M=2.88) Trt2 Government extension officers can.offer me sufficient knowledge to determine the appropriate livestock to raise in light ~ 2.93 1.34
of climate threats.
Trt3 Government extension agencies can offer me accurate information regarding climate hazards. 2.82 1.46
Incentives Incl The government supports adjusting livestock choices 2.97 1.45
(M=2.98) Inc2 The government support dissemination of information regarding disaster warnings. 2.98 1.46
Inc3 The government provide support to drought/ floods affected farmers 3.00 1.42
Subjective Norms Sbnl I should maintain climate-resilient livestock as per. thelrequests.of my friends, relatives, and neighbours. 2.96 1.40
(M=3) Shn2 Since my family and-close relatives are engaged'in climate-resilient livestock rearing, |, too, will participate in this 3.05 1.39
endeavour.
Sbn3 My family and-close-relatives expect meto adopt-behaviours-that support climate change mitigation. 2.99 1.35
Maladaptation Mall It is not necessary to adjust livestock choices since they do not work 2.38 1.18
(M=2.38) Mal2 Everything is decided by fate 2.37 1.18
Mal3 God and my ancestors will protect my farm household 2.38 1.19
Intention (M=3.11) Intl I intend to switch from large ruminants (cattle) to smaller ruminants (sheep) as a response to climate change 3.18 1.37
Int2 I plan to switch from grazers (cattle and sheep) to a more adaptable livestock species like goats that can browse on a 2.85 1.38
variety of vegetation in changing climate conditions)
Int3 I am considering changing from traditional livestock breeds to drought-tolerant breeds that are better suited for climate-  3.07 1.41
resilient farming practices
Int4 I aim to diversify my livestock portfolio by introducing a mix of poultry and small ruminants to mitigate risks 3.35 1.40

associated with climate variability impacting larger livestock species.

Note: M denotes weighted average.

Source: Author’s compilation, household survey (2021)
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Notably, the farmers express reservations about the costliness of livestock management
(M=3.45), coupled with a neutral outlook (M=3.19) on their capacity to manage livestock
amidst climate-related risks effectively. The neutral perception about the costliness of livestock
management suggests that farmers have reservations about the financial and resource
implications associated with managing livestock under changing climatic conditions. This
could reflect concerns about increased costs due to the need for additional resources or
strategies to address climate-related challenges. In addition, the neutral outlook regarding the
farmers' ability to manage livestock under climate risks underscores uncertainty. This finding
implies that farmers are neither overly confident nor overwhelmingly pessimistic about their
capacity to effectively handle their livestock operations in the face of climate-related

uncertainties.

Furthermore, the neutral mean value of 2.88 concerning perceived climate advisory
competence and a similar neutral perception (mean value of 2.98) of government support in
incentives suggest a lack of solid conviction among farmers. This indicates that farmers might
not entirely rely on or expect substantial support/from governmental entities to aid them in
adapting to climate change. The neutral response (mean value of 3) to the influence of societal
expectations and beliefs on farmers' decisions'to-adjust livestock choices due to climate change
implies that these external factors might not play a substantial role in shaping their adaptation
strategies. Farmers seem to Ppriaritize-practical considerations:over conforming to societal
norms. Lastly, the farmers' tendency‘t6‘abstain from adopting maladaptive behaviours (mean
value of 2.38) indicates that, on the whole, they are not making choices that are contrary to
effective adaptation to climate change. However, their neutral stance on the intention to adjust
livestock choices in response to climate change (mean value of 3.11) suggests uncertainty in

their potential actual behavioural decisions.

6.4.2 Measurement model

6.4.2.1 Exploratory Factor Analysis (EFA)

The EFA results in Appendix D indicate a KMO value of 0.801, which falls within the
acceptable range of 0.8 to 1.0. This shows that the sampling is adequate (Shrestha, 2021) and
that the factor analysis is appropriate for the data. The Bartlett test of Sphericity yielded a p-

value of 0.000, below the 5% threshold. This suggests a strong and meaningful connection
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among the variables being investigated. The KMO and the Bartlett test of Sphericity indicate
that the statements used to define each variable in the research accurately captured their

intended measurements.

An eigenvalue above one was used to determine the ten factors or latent constructs considered
in the study (see Appendix E). The varimax orthogonal factor rotation method was used to
standardize the scale of the various measured variables used in the study. Out of the 40 items
tested, only six were removed from the study due to factor loadings below 0.5. Variables with
loading values greater than or equal to 0.5 indicate a strong relationship between the observed
indicators and their associated constructs, and it also establishes validity (Hair et al., 2010;
Dang et al., 2014). The excluded items included three observed statements under risk
perception, one statement under perceived severity, one from perceived effectiveness, and one

from perceived self-efficacy.

The Cronbach's alpha for the observed statements in the questionnaire and the construct
exceeds 0.7, confirming the reliability of the survey instrument and the overall reliability of the
scale, respectively. The data demonstrates that the variables correlate with their respective
component grouping, indicating internal consistency. Both AVE and the CR values were used
to assess convergent validity. In the current study model, the AVE and CR values for the
constructs were all more than the acceptable values of 0.5 and 0.7, respectively (Dang et al.,
2014; Shrestha, 2021). Therefore, the results suggest acceptable convergent validity and

acceptable reliability.

6.4.2.2 Confirmatory Factor Analysis (CFA)

After introducing the EFA, the study conducted a CFA to examine the scales further and
enhance the reliability and validity of the scale (Luu et al., 2019). The study employed a range
of model fit indicators widely utilized in the literature to appraise the model fit. Table 6.3

displays the indices showing the fitness of the measurement and structural model.
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Table 6. 3: Goodness of fit indices for the measurement and the structural model

Model fit index LR test of model vs. saturated: RMSEA CFI TLI SRMR
Measurement chi2_ms (419) = 620.665; p > chi2= 0.031 0.990 0,989 0.024
model 0.000

Structural model  chi2_ms (455) = 778.878; p >chi2 0.038 0.985 0.983 0.085
=0.000

The %2 test with a p-value greater than 0.05 is recommended to best fit the structural equation
model (Dang et al., 2014). The null hypothesis assumes that the observed and estimated
covariance matrices are identical, leading to an expected lack of relevance. However, the
sample size influences the y2 statistic in SEM and cannot be directly compared across different
SEM models (Fan et al., 2016). For sample sizes exceeding 250, a significant p-value is
generally expected (Dang et al., 2014). Given that the current study used a sample size 495, a
significant y2 was observed. The RMSEA for the measurement and structural model is within
the recommended range of 0.03 to 0.08, as Hair et al. (2010) stated. The CFI values are above
the acceptable threshold of 0.9, as Hair et al: (1998) stated, and the SRMR values fall under
the acceptable range as they are below 0.09. Therefore, both the measurement and structural
model results demonstrate ay satisfactoryfit. TThe; graphical presentation of the correlation
between observed variables, the corresponding:construct;and the constructs/factors is found in
Appendix F. The subsequent discussion focuses on the covariant matrix or correlation between

the latent components derived from the confirmatory factor analysis of the measurement model.

6.4.2.3 The correlation between the psychological factors

Understanding how psychological factors influence farmers' decisions to change livestock in
response to climate change involves a brief evaluation and analysis of the connections between
these psychological components to grasp their collective impact on livestock transition
aspirations. Table 6.4 shows the associations among these components derived from the
covariance matrix of the structural equation model. Positive covariances suggest a direct
positive relationship between variables, while negative covariances show an inverse negative

relationship. The magnitude of the covariance indicates the extent to which variables are
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correlated. Results indicate significant associations among all psychological components and

at least one other factor.

Table 6. 4: The relationships between the psychological factors from the covariance matrix of
the structural equation model.

Perceived_s  Risk_perce Self effi Exten  Effective Response Incenti  Subject Maladapt Intent
everity ption cacy sion ness _cost ves ive ation ion
comp norms
etence

Perceived s 1

everity
Risk_percep  0.270 1
tion (0.082)**=
Self_efficac  0.089 0.128 1
y (0.075) (0.082)
Extension -0.040 0.066 0.018 1
competence (0.046) (0.051) (0.047)
Effectivenes  0.090 0.478 0.090 -0.016 1
s (0.70) (0.080)***  (0.070) (0.043
)
Response_c -0.054 -0.260 -0.183 0.007  -0.012 1
ost (0.069) (0.076)***  (0.070)*  (0.043 (0.064)
Incentives 0.104 0.454 0.043 0.038  0.081 -0.206 1
(0.073) (0.083)***  (0.073) (0.045 (0.068) (0.068)**
) *
Subjective 0.061 0.026 0.0171 0.036--0.066 -0.108 0.140 1
norms (0.073) (0.080) (0.074) (0:045 /' (0.068) (0.068) (0.072)
) *
Maladaptati -0.122 -0.238 0.030 0.000 -0.081 0.060 -0.225 -0.230 1
on (0.068)* (0.075)***  (0.068) (0.042_(0.063) (0.062) (0.067)  (0.067)
) *k*k *kk
Intention 0.140 0.401 -0.078 -0.073 | 0,231 -0.080 0.251 0.090 -0.267 1
(0.063)** (0.073)***  (0.064) (0:039--4(0:062)%  (0.058) (0.064) (0.062) (0.059)**
)* *% *Kkk *

Note: Standard errors are in parenthesis; *, **, and *** indicate significance at 10%, 5% and 1%,
respectively.

> Perceived severity of climate change
The results indicate several significant correlations related to the perceived severity of climate
events. The results indicate a positive and meaningful relationship between the perceived
severity and climate change risk perception (f = 0.270; p < 0.001). The results highlight the
significance of individual's perceptions of the severity of climate change events and their
overall evaluation of the related risks. The positive association indicates that when the
perceived severity of climate change rises, individuals are more likely to regard the hazards
associated with these changes as significant. This alignment between perceived severity and
risk perception implies that individuals tend to weigh the potential adverse consequences of
climate change more heavily when they perceive the events as more severe. This finding aligns
with psychological theories that posit that people often evaluate risks based on their perceptions

of the seriousness of the events in question.
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Additionally, the results indicate a positive correlation between perceived severity and
intentions to adjust livestock choices (B = 0.140; p < 0.05) in response to climate change. The
observed positive correlation suggests that individuals who perceive climate change events as
more severe are more inclined to express intentions to adjust their livestock choices. This aligns
with the concept that heightened perceptions of severity can catalyse individuals to actively
seek adaptive measures to respond to the anticipated effects of climate change on their
livestock-related activities. In this context, individuals with greater severity may perceive a
stronger imperative to change their livestock choices as a pre-emptive strategy to mitigate

potential losses or disruptions from changing climate conditions.

However, the findings show a negative relationship between maladaptation and perceived
severity (p=-0.122; p < 0.1). The observed negative relationship signifies that individuals who
hold higher perceptions of the severity of climate change events tend to exhibit fewer
maladaptive behaviours. This counterintuitive result prompts a nuanced consideration of the
underlying mechanisms at play. It is plausible that heightened perceptions of severity motivate
individuals to engage in livestock adjustments to/minimise the effects of climate change. In
this scenario, individuals perceiving greater severity.-may be more likely to adopt adaptive
measures, thus reducing their likelihood of‘resorting to maladaptive behaviours that could

exacerbate vulnerabilities.

» Climate change risk perception

The results indicate several significant associations between risk perception and various factors
related to farmers' perceptions and climate change adaptation. Firstly, risk perception is
significantly and positively associated with farmers' perceived effectiveness of adjusting
livestock (B = 0.478; p < 0.001). These findings indicate that farmers with a more excellent
perception of the risks associated with climate change are more inclined to believe that
changing their livestock can be a viable method for adapting to these changes. Additionally,
risk perception is positively correlated with government incentives (B = 0.454; p < 0.001).
Therefore, farmers with a strong awareness of potential risks are more likely to see government

incentives as beneficial or influential when deciding to change livestock choices.

Furthermore, the findings indicate a positive association between risk perception and livestock
adjustment intentions ( = 0.401; p < 0.001). Therefore, farmers with an excellent perception

of risk are more inclined to undertake livestock-adjustment techniques as an adaptation
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strategy. On the other hand, risk perception is negatively associated with the perceived cost of
livestock adjustment (B = -0.260; p < 0.001). This suggests that farmers who perceive a high
risk of climate change are less likely to perceive the cost of adjusting livestock choices in
response to climate change to be high. These findings indicate that farmers who believe in a
significant climate change risk are less inclined to view the expense of adjusting livestock
choices in response to climate change as substantial. Moreover, risk perception is negatively
associated with maladaptation behaviour ( =- 0.238; p < 0.001). This implies that farmers who
perceive a higher level of risk are less prone to engage in maladaptive behaviours (denying the

existence of climate risk, fatalistic attitude and irrational optimism).

> Self-efficacy

The model results show a negative significant correlation between self-efficacy and perceived
costs of adjusting livestock ( =-0.183; p <0.001). The observed negative correlation suggests
that the perceived costs of transitioning livestock choices tend to decrease as self-efficacy
increases. This alignment highlights the potential adaptive nature of individuals with higher
self-efficacy beliefs, as they may be mare confident in their ability to navigate challenges and
manage the potential difficulties of adjusting livestock options. Individuals with elevated self-
efficacy might perceive fewer barriers and obstacles, making the costs of making changes

appear less daunting and discouraging!

> Perceived climate advisory competence

The results show a negative correlation between smallholder farmer’s perceived climate
advisory competence and their intentions to adjust livestock amidst climate change (f =- 0.073;
p < 0.1). This implies that farmers' perceived climate advisory competence reduces their
intentions to adjust livestock amidst climate change. Suppose smallholder farmers perceive
government agencies as having the expertise or delivering consistent or reliable support in
managing climate risks. In that case, they may be less inclined to adjust livestock in response
to climate change.
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> Effectiveness

The findings indicate a favourable correlation between farmers' perception of the effectiveness
of changing livestock and their intention to shift livestock choice amidst climate change ( =
0.231; p < 0.001). This suggests that farmers who believe adjusting livestock has tangible
benefits and can enhance their resilience to climate change are more likely to have positive

intentions towards making such changes.

> Response cost

The findings indicate a strong inverse relationship between the perceived costs of changing
livestock choice to mitigate climate change impacts and the incentives provided (p = -0.206; p
< 0.001). This suggests that farmers who perceive high costs of adjusting livestock are less
likely to perceive a high level of government support in terms of incentives. This could result
in a negative overall outlook on adopting livestock adjustment practices.

> Incentives

The findings demonstrate a positive association between incentives and subjective norms (f =
0.140; p < 0.1), incentives and livestock-adjustment intention(p= 0.251; p <0.001), as well as
a negative association between incentives and maladaptation behaviour (B = -0.225; p < 0.001).
The positive significant relationship between incentives and subjective norms implies that
when farmers receive incentives such as drought relief grants, it influences their perception of
social norms or expectations related to livestock management and livestock adjustment. This
alignment of incentives and subjective norms can motivate farmers to adjust livestock choices
and contribute to positive behavioural changes. Thus, when incentives align with subjective
norms and are designed to promote climate-friendly practices and provide farmers with the
necessary resources and support to adapt to changing environmental conditions or support for
livestock farmers to make the adjustment, it encourages farmers to adjust livestock and
discourage maladaptive practices. This highlights the importance of considering financial
incentives, social norms, and expectations in agricultural policy and interventions. The
negative significant relationship between incentives and maladaptation implies that
smallholder livestock farmers are less likely to engage in maladaptive behaviours when offered

more incentives.
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This implies that incentives are crucial in promoting climate change adaptation among these
farmers. The implied message is that incentivising smallholder livestock farmers can deter
them from engaging in maladaptive behaviours. This finding suggests that agricultural policies,
programs, and interventions that aim to support smallholder livestock farmers can be more
successful if they include various incentives to encourage better farming practices, ultimately

benefiting both the farmers and the livestock industry.

> Subjective norms

The findings show a negative significant relationship between maladaptation and subjective
norms (B = -0.230; p < 0.001). This suggests that smallholder farmers who adhere more
strongly to subjective norms are less prone to deny climate change, engage in irrational
optimism, and exhibit fatalistic attitudes (maladaptive responses to climate change). In other
words, when farmers are influenced by societal expectations and beliefs that align with
adaptive and effective responses to climate change, such as adjusting livestock, they are less
prone to engage in strategies that lead to unintended negative consequences. This negative
correlation also implies that fostering and prometing positive subjective norms, such as societal
support for sustainable practices or livestock-adjusting adaptive behaviour, may reduce
maladaptation to climate change. It suggests that societal and cultura<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>