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ABSTRACT
The impacts of climate change are observed, and the increasing risks are projected on the
smallholder agriculture. While likely to bear the brunt of economic losses and greater
livelihood vulnerability, smallholder farmers are the least included in climate change
adaptation and related scientific agendas. Despite considerable literature on climate
change impacts on agricultural systems, very few studies have been undertaken on
livestock, particularly in the context of smallholder production in developing countries.
This doctoral research will help bridge this gap by providing empirical knowledge on the
extent of climate change impacts to smallholder water buffalo farmers, understanding of
their adaptation processes towards climate-resilient livelihood development, and
exploring adaptation options to reduce their vulnerability to climate change.
With a focus on village-based water buffalo production in the province of Nueva Ecija,
the Philippines, the study extends beyond the contribution of adaptation practices to the
development of climate-resilient livelihoods for the 5 million smallholder farmers in the
country. Mixed methods were employed in data collection and analyses using a case
study research design, and 30 key informant interviews, as well as 310 household surveys
and complementary field observations, were administered across 45 villages in the study
area. The theoretical and conceptual elements were drawn from the integrated
vulnerability framework and interpretive research paradigm to achieve the aims of the
study.
The findings were presented through four peer-reviewed publications, entitled: 1)
Livestock under climate change: a systematic review of impacts and adaptation; 2)
Understanding climate change impacts on water buffalo production through farmers’
perceptions; 3) Adaptation to climate change by smallholder dairy buffalo farmers in the
Philippines; and 4) Livelihood transformation and climate change adaptation: the case of

smallholder buffalo farmers in the Philippines. The research provides clarity on how
climate change is viewed from the farmer perspective, how vulnerability is complemented
by the adoption of adaptation practices, and how water buffalo ascertained its role in
climate-resilient smallholders livelihoods. The research contribution extends beyond the
academic field by providing local policymakers with a knowledge base of the practical
application of adaptation and smallholders livelihood development.
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CHAPTER 1
GENERAL INTRODUCTION
1.1

Chapter overview

This chapter sets the context and introduces the fundamental concepts for this research.
First, I describe the problem statement of adapting to climate change and put forward the
relevance of livestock to the climate-resilient livelihoods of smallholder farmers. Second,
I introduce a case study of the village-based water buffalo farmers in the Philippines,
within the country’s broader agricultural development. The background to the research
study is discussed, including the importance of water buffalo to the lives of Filipino
farmers and the challenges attached to farming under the existing socio-environmental
conditions. Third, I articulate the research questions, research aims and objectives, and
the contributions of the thesis to the existing knowledge on climate change adaptation and
development in the livestock sector. I also give an overview of the research papers that
are published from this study and outline the structure of the thesis.
1.2

Climate change and the livestock sector

The recent outlook for agriculture suggests a stronger trend of climate change and
alarming impacts of 1.5degree warming (Hoegh-Guldberg et al., 2018). Studies reveal
that crop yields have reduced by 1-2% per decade over the past century, and the adverse
impacts on agriculture are projected to increase (Gourdji et al., 2013; Noble et al., 2014;
Wiebe, 2015). A crop and economic models estimated that by 2050, climate change will
effect a global yield reduction of 11% and a price increase for major crops of 20%
(Nelson et al., 2014). The negative impact of climate change on incomes in the
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agricultural sector is such that the population living in poverty could increase by between
35 and 122 million by 2030, relative to a future without climate change (FAO, 2016).
Contrary to these climate projections and expected impacts, the actual magnitude of
effects of climate change and the potentials for adaptation in agriculture are not well
understood (Nelson et al., 2014; Wiebe, 2015; Descheemaeker et al., 2016). The central
problem is that the global demand for animal-based products puts pressure on the
competition for resources, mainly land and water (Steinfeld et al., 2006). There is a
growing pressure for the whole livestock sector to produce sustainably under the
increasing impacts of climate change and support the welfare of people who depend on
livestock for their livelihood (Nardone et al., 2010; Herrero & Thornton, 2013).
Therefore, recent overviews call for a better understanding on adapting agriculture to
climate change given the differences in the severity of climate change impacts,
complexity of production systems, and varying socioeconomic environments (Wiebe,
2015; Descheemaeker et al., 2016). One reason for the lack of understanding is the
underrepresentation of climate change impact and adaptation studies. The focus of these
studies is relatively less on the most vulnerable smallholders, which are primarily found
in developing countries, and whose livelihood and income activities completely depend
on agriculture (Thornton et al., 2009; Cohn et al., 2017). Furthermore, the studies are
isolated in addressing production system components wherein the literature on climate
change impacts and adaptation are mainly on crops, while there is very little on livestock
production (Müller, 2013; Rojas-Downing et al., 2017).
Thus, there is an urgent need to support vulnerable smallholders in adapting agriculture to
climate change, most especially involving livestock production systems (Morton, 2007;
Lipper et al., 2014). This is important because the growth and transformation of the
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livestock sector offers opportunities for farmer livelihoods and agricultural development
(Herrero et al., 2012).
Livestock1 contributes 40% of the global value of agricultural output, support the
livelihoods and food security of almost a 1.3 billion people, and is one of the fastest
growing parts of the agricultural economy (Herrero & Thornton, 2013). Apart from the
many direct benefits of food provision, livestock has multiple values (Gandini & Villa,
2003; Zander & Drucker, 2008). It is a significant economic, social, and cultural activity
for 570 million smallholder producers worldwide (Lowder et al., 2016) and is crucial to
meet the surging global demand for animal-based products. The demand for meat and
dairy products is increasing every year, following rapid urbanisation and economic
growth (Bazrkar et al., 2015). Global meat production has seen a ~20% increase in the
past decade with a production volume of 317 million tonnes in 2016, of which developing
countries account for majority of the volume total increase, which is projected to rise by
16% by 2025 (FAO, 2017).
Beyond the benefits of livestock, mentioned above, farming systems are shifting towards
a greater importance of livestock as a buffer to risk in vulnerable areas (Jones &
Thornton, 2009; Hänke & Barkmann, 2017). Livestock provides a means of reducing the
risks associated with crop failure and a diversification strategy for resource-poor
smallholder farmers (Thornton et al., 2007, Vandamme et al., 2010). This is because
livestock is better adapted to dry and variable climates compared with crops. Livestock

1

Livestock covers all grown animals, regardless of age, location, or purpose of breeding, excluding the
animals that are non-domesticated, unless kept in captivity in or outside agricultural holdings, including
holdings without land (FAO, 1994). There are around 1.43 billion cattle, 1.87 billion sheep and goats, 0.98
billion pigs, and 19.60 billion chickens kept globally, and the statistics of livestock numbers varies between
countries (Robinson et al., 2014).
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mobility enables animals to be sheltered or kept in a protected environment during
extreme climatic events. Furthermore, in the event of drought, livestock mobility enables
animals to take advantage of spatial heterogeneity in feed availability, and to feed on crop
biomass in the case of grain harvest failure (Morton, 2007; Descheemaeker et al., 2016).
Despite being robust and more adaptable, livestock are increasingly affected by climate
change. Climate change manifests in livestock mainly through heat stress, availability of
feed resources, and water availability (Thornton & Herrero, 2015; Rojas-Downing et al.,
2017). Many countries have reported multiple livestock deaths and significant
productivity losses to heat stress (Campbell and Knowles, 2011), directly caused by heat
waves, which are projected to become more common due to climate change. Increasing
animal vulnerability to disease, heat stress thereby reduces fertility, as well as meat and
milk production.
Climate change will also modify the prevalence of livestock parasites and diseases (Bett
et al., 2017), threatening the carrying capacity of grasslands and rangelands, as well as
feed production for a non-grazing system (Sautier et al., 2013). Logically, as climate
change is expected to impact crop yields, it will have a consequent effect on animal
production, which is stronger where livestock depend more on crop residue and cultivated
forage (Descheemaeker et al., 2016).
Amidst climate change challenges, this research is justified by the increasingly negative
impacts on the livestock sector, the need for adaptation, especially on vulnerable
smallholders in developing countries, and the recognised role of livestock in adaptation
and agricultural development.
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1.3

Risky agricultural livelihood in the Philippines

This research was conducted in the Philippines where agriculture2 is known as a
precarious livelihood. The economy-wide impacts of climate change on agriculture are
projected to cost about PHP 26 billion per year, which equates to a 3.8% reduction in
gross domestic product by 2050 (Rosegrant et al., 2016). The adverse impact of climate
change is more threatening when the indirect effects to the country’s long-term
developmental processes are taken into consideration, such food security and welfare. To
a rural farming household, this means that the loss of income caused by a typhoon, for
example, often spells more disaster to their families, impacting on their hunger levels,
harvest capability, loans repayment, and support for their children’s education.
Climate change impacts are inevitable due to the high susceptibility as an island nation
which is struck by 20 typhoons on average, per year (Cinco et al., 2016). The Philippines
is also prone to other natural hazards such as drought, flooding, earthquakes, and volcanic
eruptions. The extreme physical vulnerability of the country is linked to specific risks
induced by related geographical factors such as rising sea levels, extreme rainfall events,
extreme heating events, increased ocean temperatures, and a disturbed water budget
(Yumul et al., 2011). These have resulted in productivity losses, particularly unbearable
crop failures, and displacement of agriculture-dependent families, all of which compound
livelihood uncertainties (Israel & Briones, 2012; Rosegrant et al., 2016).
Despite the risks, agriculture remains a key sector, providing 27% of the country’s labour
force (PSA, 2017). Developing the sectors adaptation and growth strategies is of utmost

2

Agriculture corresponds to five divisions, including cultivation of crops and livestock production, forestry,
hunting, and fishing related livelihoods (Worldbank Data; Cinco et al., 2016).
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importance in underpinning inclusive economic growth and resilient farming livelihoods.
Smallholder farmers in the majority of rural areas are the most vulnerable because they
lack the capacities needed to prepare for and manage high level of risks. Of the farmers in
the Philippines, approximately five million operate at the small-scale farms level (less
than 5 hectares). Most often, farmlands are fragmented, lacking infrastructure in addition
to policy; and institutional barriers have left the agriculture sector underdeveloped
(Lowder et al., 2016; Ventura, 2016).
Moreover, the substantial impacts and risks posed by climate change to the Philippines’
agricultural productivity are primarily focused on crops (Alcayna et al., 2016; Rosegrant
et al., 2016). Due to a lack of relevant models and data, the direct impacts of climate
change on the livestock subsector are as yet undetermined. The majority of small-scale
farms sustain their livelihoods by mixing both crop and livestock components, thus
increasing the difficulty of accounting the direct impacts to mixed crop and livestock
systems. However, as livestock relies on crops for feed, the latter also suffers indirectly
whenever cereal and forage production declines (Rojas-Downing et al., 2017). As per
recent data, an expected 0.8% reduction in meat production is projected, following the
13.6% calculated decline of corn production (Rosegrant et al., 2016). As livestock
constitute 35% in total agricultural value, reduction in yield and productivity will severely
impact the economies of the majority of smallholder households (PSA, 2017). Thus, there
is a need for more on-the-ground studies on direct impacts, changing risks contexts, and
social perspectives on adaptation – to establish information on climate change impacts
and adaptation in livestock production (Dujardin et al., 2018).
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1.4

Vulnerability, adaptation and livelihood development

This doctoral research is founded on the understanding of smallholder farmer
vulnerability to different livelihood risks, both climate and non-climate related. In
general, vulnerability refers to the capacity to be wounded, as in the degree to which a
system is likely to experience harm from exposure to a hazard. From a climate change
perspective, vulnerability is defined as the propensity or predisposition to be adversely
affected; it encompasses other concepts such as sensitivity or susceptibility to harm and
lack of capacity to cope and adapt (IPCC AR5 Glossary).
Vulnerability is a complex term due to the variation of definition and measurements
depending on the discipline. However, whatever ways it is used and interpreted,
vulnerability will always be a part of the human condition. Vulnerability, as described by
Wisner (2016), involves the many characteristics of people that expose them to harm or
limit their ability to anticipate, cope, and recover from harm. Therefore, the concept of
‘vulnerability’ is central to climate change impacts and adaptation, as well as
development research contexts (Lahsen et al. 2010).
Adaptation involves a human factor and cannot be planned solely on the basis of climate
projections, mostly in developing country settings where information is limited
(Mendelsohn, 2008). Climatic conditions and human factors both add to the vulnerability
of agricultural livelihoods. Information on vulnerabilities is needed to determine how
climate interacts with socio-economic issues, and to develop a picture of current and
future climate change risks and other related factors. An understanding of vulnerability
provides an indication of people’s adaptive capacity and adaptation needs, and identify
opportunities within climate change (Adger et al., 2005; Wisner, 2016).
This doctoral thesis asserts that there is a strong rationale to focus more on the adaptation
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of the livestock sector to climate change. Climate change adaptation (CCA) refers to the
changes in processes, practices, and structures needed to moderate potential damages
from climate change or to benefit from opportunities associated with such changes (Smit
& Pilifosova, 2003). Adaptation refers to the actions that will be needed in responding to
the concurrent impacts of climate change, while at the same time preparing for the future
impacts (Noble et al., 2014). Adaptation in livestock, as in other agricultural sectors,
means modifying production, socio-economic conditions, policy making, and institutional
systems, in order to reduce the negative impacts of climate change and to exploit
beneficial opportunities (Smit & Skinner, 2002).
Understanding of CCA has been growing in depth over the last few decades, mainly
arising as a policy related response. The emphasis of adaptation research is on providing
answers to explicit questions, such as to what extent can adaptation reduce the impacts of
climate change, what policies are needed, and how sustainable adaptation can best
develop (Burton et al., 2002; Dovers & Hezri, 2010). The IPCC and other organisations
are guiding the direction of global adaptation research in the context of developing
nations, which recently highlighted the close linkages between adaptation and
development (Eriksen & Brown, 2011; Smit & Pilifosova, 2003). Several authors
considered adaptation and development as mutually dependent strategies, meaning that
managing climate-related measures and policies are integrated with the development
planning processes (Ayers et al., 2014; Agrawal & Lemos, 2015).
This research postulates that vulnerability to climate variability and change is strongly
linked to developmental factors, and that the ability to adapt unmistakably depends on the
country’s state of development. Developmental factors include access to economic, socioinstitutional resources, as well as political factors and governance (Dovers & Hezri, 2010;
Klein & Möhner, 2011; Ayers et al., 2014). The increasing impacts and risks posed by
8
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climate change may worsen vulnerability, making adaptation measures more difficult
(Burton et al., 2002). Accordingly, climate change could impede the Philippines ability to
achieve sustainable development, as underdevelopment fundamentally constrains
adaptive capacity (Mendelsohn et al., 2001). Integrating climate change adaptation
measures into on-going development activities are increasingly recognised as more
sustainable, and more efficient, in terms of resource use (Adger et al., 2003; Smit &
Pilifosova, 2003). This is particularly exemplified in developing countries where
resources are limited, and capacities are lacking (Klein et al., 2005; Agrawal & Lemos,
2015).
In the Philippines, irrespective to the crop subsector, livestock farming is shaped by
national and institutional frameworks, which rarely consider climate change as key
priority in research and its related developmental programs. Production of livestock
products is increasingly slowing at an annual growth rate of 2.5% (PSA, 2017). Holding
back livestock development in the country are inappropriate policies covering markets
such as poor terms of trades of farmers which at times act as a disincentive to increase
production, scarce livestock feeds, devastating diseases, a lack of farmland, and water
resources availability (Devendra, 2007). The ruminants (primarily goats and buffaloes)
role in the livelihood security and environmental sustainability in developing
communities are largely underestimated, although these animals are recognised as
occupying a significant socio-economic niche in small-scale farming systems in other
Asian countries (Devendra, 2013).
Accordingly, the development strategies and opportunities for research and development
are enormous; including the capacity to cope with climatic changes, which can be an
entry point for development (Adger et al., 2003; O’Brien et al., 2003). The rapid pace of
climate change is pushing the crop farmers off their farms and the systemic risks to
9
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natural resources must be addressed to ensure sustainability. Development of the
livestock sector in ways that capitalise on its positive effects while controlling the
negative impacts could thus contribute substantially to improving agricultural
productivity and bettering the lives of the smallholder population.
1.5

On smallholder farmers and water buffaloes

There is a growing need for improved research on the effects of climate change on
smallholder farmers (Howden et al., 2007). Evidence suggests that smallholder
production systems in developing countries are the most vulnerable and the least able to
cope. While smallholders are minor contributors to climate change, the climate change
impacts and risks are a threat to the future of small-scale farming communities (Cohn et
al., 2017). Investigations that consider the complexity and location specificity of
smallholders are also very limited (Donatti et al., 2018). Studies revealed that the most
common reason for adaptation and development planning to fail is lack of information
and approaches that are carefully adapted to local conditions (Adger et al., 2003; Nunan,
2017).
Examining the importance of on-the-ground local studies in designing policies and plans
to help smallholder farmers adapt to climate change, this research specifically uses the
water buffalo production system, locally called as ‘carabao’ in the Philippines, to
represent the case of smallholder farming. The water buffalo and the smallholder farmer
are synonymous in many respects, with 99% of the population of approximately three
million water buffalo belonging to smallholders (PSA, 2017). The number of animals per
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household ranges from one to five, as is true throughout South East Asia, which is home
to swamp-type3 buffaloes, which are a valuable source of draught in mixed crop-livestock
systems (Cruz, 2007). In Thailand, water buffaloes are considered by farmers to be ‘the
backbone of the nation and have been very important to their farming life’ (Somparn et
al., 2004). Described as the ‘living tractor of the East’, water buffalo keeping extends to
other tropical and sub-tropical countries. In South Asian countries, where ~77.5% of the
world buffalo population is found, riverine-type4 buffaloes are considered to be a
significant economic resource (Siddiky & Faruque, 2017).
In the Philippine countryside, a water buffalo is a common part of the farming community
landscape, and a highly valued resource of rural households. Water buffalo is regarded as
the national animal, a representation of hard work and endurance to complex livelihood
stresses. At the household level, water buffalo often perform multiple functions including
providing transport and draught power for crop production even amidst challenging
terrains, as well as manure for fertiliser and fuel. Water buffalo keeping is deeply
embedded in the socio-cultural life of a farmer. They contribute significantly to social
networking and cultural activities and provide an essential means of savings and
insurance. It is this multi-functionality of water buffalo that make them particularly
valuable assets for poor people (Vale, 2007). Water buffaloes are also known for their
high adaptability and productivity in the changing climatic conditions due to their

3

There are two types of water buffalo based on morphological and behavioural criteria; the first is the
Swamp-type buffalo, a name used for all the native water buffaloes in Southeast Asia, which has a smaller
body and is genetically much closer to the wild type, and they are used mainly as draught animals and for
meat.
4
River-type buffalo, the name used for all types covering a distribution of India and farther West,
morphologically has a larger body conformation, and has been selected to improve Philippines breeds
with a higher milk yield.
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inherent biological characteristics (Deb et al., 2016). Most of these animals are reared in
a mixed cut and carry, graze in communal pasture, and can thrive on crop residues and
farm-by-products (Cruz, 2007).
Moreover, water buffaloes role in the farmer livelihood has evolved after being dislodged
from some of the most important farm works by small farm machinery. The water buffalo
population was threatened in the early 1960s, primarily due to farm mechanisation,
forcing farmers to send their animals into slaughterhouses for meat (Cruz, 2015).
However, the Philippine government has paid unprecedented attention to saving the water
buffalo sector. This included laws banning of slaughter from as early as the 1960s up to
1998 and the establishment of the Philippine Carabao Center (PCC) in 1993 to spearhead
water buffalo development in the country. The framework of PCC’s operation is the
Carabao Development Programme (CDP), a massive programme to improve the native
Swamp Buffalo to develop their meat, milk, and draught potential.
The CDP is still operational primarily covering the conservation of water buffalo’s
genetic biodiversity for long-term and sustainable development, through an organised
genetic improvement program. It aims to maximise the genetic gains of indigenous
swamp buffaloes through crossbreeding with the riverine buffaloes to optimise
performance for milk and meat without disregard for draught qualities. The primary
beneficiaries are smallholder farmers, with a focus on the establishment of water-buffalobased village enterprises and the promotion of cooperative development to provide
smallholders better access to resources. Hence, the CDP is a social agenda that addresses
the country’s concerns on poverty alleviation, nutritional and income improvements, and
people empowerment.
At present, local informants have indicated that the water buffalo has gained added
significance to millions of farmers across the country. Water buffaloes are becoming a
12
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reliable income provider through regular sales from milk. After the almost 25 years of
CDP implementation, the crossbred ‘Philippine Dairy Buffalo’ is locally referred to as
‘three-in-one carabao’ – for milk, meat, and draught power (Cruz, 2015). Income from
milk increases with the increase in milk yield resulting from backcrossing with an
imported dairy buffalo breed. From an average 1-2 kg/day/L of milk, the crossbred
improved buffalo can produce up to 4-6 kg/day/L of milk. According to a local study, the
income derived from the milk of the crossbreed is comparable with that derived from 1 ha
of rice. At the same time, around 66% of the country’s water buffalo population are still
utilised in farm work (Cruz, 2015).
Accompanied by the improvement in milk efficiency are changes in related practices and
aspects of production to keep up with the demands for milk and related local products.
Subsequently, the research and development efforts of the government are on addressing
the policy and technology gaps, primarily to improve farmer incomes. Related
development policies tend to focus singularly on marketed products, irrespective of the
other challenges that farmers are facing. Although many are becoming aware of the
impacts of climate change on productivity, in many cases, the government lacks the
information to develop them. For example, there are rare empirical investigations, but no
established data on the extent of knowledge on climatic changes and its associated
impacts, or farmers’ adaptive mechanisms.
However, local farmers have been experiencing productivity losses that are related to
climate change, requiring them to become knowledgeable and improve their coping
capacity (Alcayna et al., 2016). This concern is increasingly apparent, such that it is
becoming part of the national daily news that water buffaloes are being washed to death
by flash floods, and farmers are risking their lives to safeguard their animals. Typhoon
victims putting their lives on the line for the sake of their animals is a common challenge
13
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for disaster officials in the Philippines (Walch, 2018). This is an alarming observation or
a practice that may signal the need for improved practices to mitigate the impacts of
extreme climatic occurrences, such as animal shelters or protection in susceptible farming
communities. For example, the photo below illustrates how a farming family secure their
animals, to the point of sleeping with them during typhoons.

Figure 1-1: A dairy water buffalo farmer and his wife, depicting devotion to their animals to keep their
investments secure – to the point of sleeping with them during uneventful typhoons. Photo credit:
Anselmo Rogue, Inquirer Nueva Ecija, Central Luzon.

Contrary to what most of the literature portrays about water buffaloes being sturdy
animals that have high adaptability to different climatic conditions, others have revealed
their biological vulnerability, which may result in reduced productivity. This was
described in a recent report by Filipino historian, that Philippine carabao had been
regarded as inferior animals during American occupation of the country. He indicated that
the draught water buffaloes could not continuously stay in the sun, and with high
sensitivity to heat it could not endure long works during the heat of the day;
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“The worst trouble with him [carabao] is that he absolutely declines to work in
the middle of the day if the sun is hot…. If one forces them [carabao] on, they are
likely to lie down in the first puddle or stream encountered, and refuse to get up. If
pushed too hard, they die of the heat, and in cases of emergency water should at
least be poured over their heads and along their backs from time to time. If left to
themselves, they will pass greater part of the day in a mud bath” (United States
Bureau of Insular Affairs, 1901, 309) taken from: Dela Cruz, (2016)
1.6

Problem statement
“It is not that the risk is unknown, not that the methods for coping do not
exist…rather inability to cope is due to lack of—or systematic alienation from—
resources needed to guard against these events” (Ribot et al., 1996, p. 34)

Notwithstanding the considerable literature on the impacts of climate change on
agricultural systems, very few studies have been undertaken on livestock, particularly in
the context of smallholder production. Smallholder farmers, who are likely the most
affected, are the least included in the climate change adaptation and related scientific
agendas. This thesis is founded on the imperative need of helping farmers find specific
ways to adapt to and mitigate the increasing impacts of climate change. While there is
documented evidence that smallholders have long been adapting to climate change, this is
likely reactive coping or short-term responses (Bhatta & Aggarwal, 2016). Long-term
adaptation must be planned because adaptation does not happen automatically. Moreover,
in adaptation planning, knowledge and anticipation are requisites to sustainability.
In developing countries, such as the Philippines, climate change adaptation must be taken
as an integral component of sector-based economic development plans. Climate change
impacts are causing significant losses to the country’s agricultural economy, including
livestock. What makes it worse are the main group of people that are continuously
affected – especially the majority of farming households in rural villages. Farmers’ in the
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country are historically rich with traditional knowledge and experiences, but are often left
with limited resources and capacities to respond to these impacts. Because vulnerability
to climate depends on adaptive capacity, and adaptive capacity is linked to the state of
development, it may be unrealistic to focus on development programs that deal with
adaptation to climate alone.
Moreover, in the agriculture sector, there is little recognition of climate impacts and risks
associated with climate change in the existing local development programs (Agrawal &
Lemos, 2015; Sherman et al., 2016). Addressing the need for adaptation must be
integrated into the on-going agricultural livelihood programs of the government.
Although developmental plans that are specific to agriculture subsectors are already in
place, such as in the water buffalo development program, there is a lack of information on
the origins of vulnerability, knowledge that addresses uncertainties in adaptive capacity,
and applicable measures to assess opportunities and resource potentials at the local scale.
As such, integrating climate change adaptation into livelihood-related development
programs is strongly encouraged, and justified in this research.
1.7

Research aims and questions

This doctoral research broadly aims to provide evidence on the extent of climate change
impacts to the smallholder livestock farmer and build understanding of their adaptation
processes towards climate-resilient livelihood development. The research also aims to
explore adaptation options to reduce the vulnerability of the sector to climate change that
eventually can assist the local policymakers as they take up the adaptation challenge. The
research questions are conceptualised into interconnected themes using the case of water
buffalo farming villages in the Nueva Ecija province, Philippines. Table 1 presents the
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summary of the research questions and the corresponding chapter or published paper. as
outcomes or chapters in which they are addressed.
Table 1-1: Research questions and the corresponding chapter or published paper outcomes.
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1.8

Research significance

This research uses water buffalo production, in the Philippines, to represent both climate
adaptation and livestock development challenge. The results of this research serve as
benchmark information and well-founded reference materials on adapting livestock
systems to climate change. By methodically and extensively addressing the problematic
dimension of climate change and livestock production, this thesis provides empirical
knowledge on sustaining the livestock sector under climate change challenge. By
investigating the interdisciplinary aspects attached to this research, this thesis offers a
valuable theoretical contribution of human-environmental interactions. It demonstrates a
holistic picture of difficult challenges that livestock farmers are facing, an adaptation that
is occurring, and its influence on their overall livelihood development.
In this research, farmers responses to climate change help reveal new insights and more
detailed evidence into the conditions that influence the productivity of water buffalo
production, what adaptation strategies are likely to work effectively in the village-based
projects, and their interactions with the broader institutional mechanisms. Considering
carefully the developmental factors in the context of vulnerable communities can help
explain the interplay of different institutional arrangements (both public and private) and
socio-political structures that are embedded in local policy and decision making. Through
the on-the-ground information on farmers adaptation needs and challenges, the research
reflects on existing government developmental programs on how to make more effective
use of the available resources, integrate climate factors into on-going programs and
adaptation planning, and mobilise adaptive capacity of farmers. A key contribution of the
findings of this thesis are local policy recommendations on adaptation of smallholder
water buffalo farmers for climate resilient livelihoods.
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1.9

Thesis structure and layout

The thesis presents the answers to the research questions across seven chapters. The
research comprised a series of tasks representing a logical progression from an
understanding of climate change impacts, through an analysis of risks and opportunities,
and identification of adaptation practices, to potential integration of CCA into on-going
livelihood developmental programs.
This general introduction, in Chapter 1, defines the context, scope, and objectives of the
research. The conceptual research framework and methodology is presented in Chapter 2,
providing the overall methods and analytical framework of the research. The relevance of
using a mixed method research design in an interdisciplinary community-based research
project is explained. The results of the research, in parallel to the research objectives, are
structured into a series of four peer-reviewed journal papers, two of which are published
and two of which have been submitted for publication during the period of candidature.
Chapter 3 provides the background scientific knowledge and the extent of the research
relating to climate change impact and adaptation in the livestock sector. The research
gaps and the rationale for this study are identified in this chapter through a systematic
review. Chapter 3 was published in the journal, Climate.
Chapter 4 probes the impacts and risks of climate change on existing farming activities
and livelihoods of smallholder farmers. This chapter puts forward the empirical case of
small-hold water buffalo keeping in the Nueva Ecija province of the Philippines. On the
ground knowledge on climate change impacts and adaptation are assessed through
farmers perceptions. The findings on this chapter provided benchmark information on the
vulnerability of the water buffalo sector to climate-related and other stressors.
Understanding farmer perceptions suggests policies for consideration in helping water

19

General Introduction

buffalo farmers reduce the risks posed by climate change. Chapter 4 was published in the
journal, Climate Risk Management.
Chapter 5 explores the adaptation component of the research, quantitatively, and in more
detail. In conjunction with the perceived impacts and risks of climate change, knowledge
of adaptation and of adaptation practices are identified. The findings in this chapter
provide first-hand empirical evidence of adaptation practices amongst water buffalo
farmers across the different villages covered by this research. Farmer adaptation practices
are analysed into categories, while determinants for adoption of relevant adaptation
practices are also examined. Associated constraints and facilitating factors to the adoption
of adaptation practices and opportunities for adaptation are analysed. The chapter
concludes by pointing out the policy implications relative to the findings. Chapter 5 has
been submitted and is under review (as of this thesis submission date) by the NJAS Wageningen Journal of Life Sciences.
Chapter 6 highlights the role of water buffalo in the adaptation process, both to the
climate and to other livelihood stressors. The chapter illustrates the case of adaptive
responses by the smallholder farmer to recurrent crop failures by shifting from cropping
to water buffalo dairying. Results of the investigation highlight the buffering role of water
buffalo in adaptation during the damaging impacts of extreme climatic events. The causal
factors to the changes in farmers livelihood activities are examined. The interplay
between the climate and social systems is analysed relative to the potential of water
buffalo dairying for climate-resilient smallholder livelihoods. The findings provide
evidence that local adaptation can be understood through farmer livelihoods and
institutional dynamics. The chapter concludes with a suggestion on integrating climate
change adaptation into livelihood development programs. Chapter 6 has been submitted
and is currently under review by the journal, Environmental Development.
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Chapter 7 concludes with a summary of the findings across the research studies and
provides the implication of the research, both in science and policy. The complete list of
scientific and technical studies and supplementary materials that provide background
information, contribute to the discussion, and supports the findings provided in this thesis
can be seen in Appendices section.
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CHAPTER 2
RESEARCH FRAMEWORK AND METHODOLOGY
2.1

Chapter overview

The purpose of Chapter 2 is to provide an overview of the underlying framework of this
research, including the methods, design strategies, and applied approaches. The chapter
situates the research amongst existing research approaches in climate change adaptation
involving farming communities through an exploratory study. While Chapters 3-6 (in
publication style), included detailed methods and data analysis for the specific topics, this
chapter demonstrates how the overall approach compliments the study’s theoretical
underpinnings. This includes a description of the interpretive paradigm of the framework
applied and the theoretical assumptions; as well as a discussion of the rationales for the
choice of study area, mixed methods, and data collection and analysis methods. Also
illustrated is how the methods are linked to the research questions, and an explanation of
the stages and processes of the study, including the ethical approach.

2.2

Theoretical foundations
“Effective adaptation is based on a solid understanding of vulnerability to climate
change. The impacts of climate change affect people differently based on their
capacity to respond. What this means is that many of the factors which shape
vulnerability to climate change have nothing to do with the climate.” (CARE,
2009)

This research is grounded in the origins of vulnerability theory, where the analysis must
always begin by asking who is vulnerable and why, and must progressively contextualise
the explanation in the complex layers of economic, institutional, and social relations, and
the histories that shape it (Ribot, 2014). The assumptions are based on the literature
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identifying the need for human-system research to identify and help address the indirect
and cumulative effects of climate change issues, and the human factors that drive them. A
study of the literature reflects the greater focus of global climate change research on
defining the nature and the direct impacts of present and future climate changes. Although
these scientific improvements on predictions of climate change are crucial, this
information is weakly correlated with effective adaptation measures (Adger et al., 2009;
Dovers & Hezri, 2010).
Moreover, adaptation literature does not ask why people are vulnerable. Instead, it asks
how to reduce vulnerability, but usually does not apply ‘vulnerability’ analytics. There
are multiple existing ways to define and use the terms of ‘vulnerability’ and ‘adaptation’,
which have relative social, political, economic, and environmental implications (Blaikie
et al., 2004; Füssel, 2007). Conversely, the IPCC has covered a broader definition of
vulnerability in terms of scope of subject of analysis and is very specific regarding
climate change as the hazard affecting the system. This research adopted the vulnerability
definition of Blaikie et al. (1994), which explicitly identifies the subject of analysis as
both of the characteristics of the social systems and the natural hazards as a source of
harm to the system;
“…the characteristics of a person or group in terms of their capacity to
anticipate, cope with, resist and recover from the impact of a natural hazard. It
involves a combination of factors that determine the degree to which someone’s
life and livelihood is put at risk by a discrete and identifiable event in nature and
society.” Cutter et al. (2003)
The above definition describes vulnerability as a pre-existing condition, which leaves an
opening for causal analysis of vulnerability embedded in the term ‘adaptive capacity’.
Adaptive capacity is defined as the ability of a system to adjust to climate change
(including to climate variability and extremes) to moderate potential damages, to take
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advantage of opportunities, or to cope with the consequences (IPCC, 2014). Accordingly,
to ask what causes vulnerability, is the same question as asking why a given individual or
household does not have an adaptive capacity. The causes of this absence are precisely
the same as causes of its presence or lack of, which means that vulnerability reflects the
entitlements and livelihood approaches of people (Ribot, 2013). The question arises of
how then can vulnerability be assessed, and adaptive capacity developed?
Some recent studies give more emphasis to people’s ‘adaptive capacity’ to protect
themselves rather than to the ‘vulnerability’ that limits them (Blaikie et al., 2004).
Previously, studies have largely focused on the social processes that make people
‘vulnerable’. Although this is essential, such studies tend to emphasise weaknesses and
limitations outside of social problems, making them passive recipients or victims
(Bankoff & Hilhorst, 2013). However, many authors now argue that people do possess
significant capabilities (Adger et al., 2009; Füssel & Klein, 2006). Blaikie et al. (1994)
argued that almost everyone has some capacity for self-protection and group action, and
that these capacities such as adapting to and creating opportunities, can counter the social
processes that make people vulnerable.
The vulnerability of a system is then defined by the integration of potential impact and
the adaptive capacities involved. A system is anticipated to be vulnerable if it is exposed
to climate-change impacts, if it is sensitive to those impacts, and if it has a low capacity to
cope with those impacts (Bankoff & Hilhorst, 2013). However, this definition is
dependent on the object at risk and the values that one hopes to preserve, restore, or
eliminate. The choice of theory is itself social – aiming at some outcomes, and preserving
some values over others (O'Brien et al., 2007). Thus, adaptation studies are needed in
such a way as to complement vulnerability analysis with a holistic picture of how to
translate climate change knowledge into actions (Downing et al., 2005).
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In this sense, ‘adaptive capacity’ becomes something that must be explained socially by
placing the cause and responsibility for change within the society (Adger, 2003).
Likewise, adaptation is socially enabled, and it is part of a causal and reparatory chain of
vulnerability (Adger et al., 2009).
In agricultural systems, particularly smallholder production, ‘adaptive capacity’ framings
are often linked to social variables such as poverty and a lack of resources. However, if a
policy is directed at a social agenda alone, such as poverty reduction, it is in danger of
being compartmentalised into issues of livelihood development or production-oriented
agricultural programmes (Brooks, 2003). A concern for many is how to improve the
understanding of the vulnerability of these farming communities in ways that are useful to
the different stakeholders. Local and place-based adaptation studies, which don’t
undermine the increasing impacts and risks posed by climate change or otherwise, are
needed to enable policymakers to adopt suitable strategies to enhance the adaptive
capacity specific to such systems (Lim et al., 2004; McNamara & Buggy, 2017).
However, community-based studies rarely asked why the capacity is lacking, or why
resources are limited, as shown in previous case studies (Turner et al., 2003). Likewise,
the root-cause analysis is absent from most climate response assessment (Lahsen et al.,
2010; Ribot, 2014).
Thus, this research explores complementary frameworks to facilitate an integrative
analysis of the causes of vulnerability. The research then illustrates the usefulness of
vulnerability theory using integrative perspectives through the means of a case study.
2.2.1

Integrative perspective of vulnerability

The integrated perspective on vulnerability is regarded as the current paradigm in the
analysis of climate change vulnerability (Soares et al., 2012). It provides a broad
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conceptual and analytical platform through the integration of different methods, and
articulation of different conceptual backgrounds, which have the potential to complement
each other and improve the information provided (Heltberg et al., 2009).
The integrated perspectives of vulnerability explicitly recognise the coupled humanenvironment systems and account for interactions in the coupling affecting the systems,
both to hazard1 and vulnerability. Also known as a synthetic or hybrid approach, an
integrated vulnerability approach aims to address both the biophysical and social
dimensions of vulnerability (Füssel, 2007). The process of conceptual integration is
pursued by merging concepts of vulnerability from biophysical to social perspectives. In
this view, ‘nature-society relationships are conceptualised as a mutuality, rather than as a
duality’ and vulnerability is determined by biophysical conditions as well as social,
political, economic, and institutional processes (O'Brien et al., 2007).
In the biophysical perspective, the focus is primarily based on natural hazards, and
the degree of risk2 and exposure3 to the hazard. The magnitude, duration, and the degree
of loss linked to a specific hazardous event, together determine the level of
vulnerability (Turner et al., 2003; Eakin & Luers, 2006; Ford et al., 2010). These
approaches are, thus, also known as risk-hazard or impact-driven studies wherein they
consider vulnerability as an ‘endpoint’ (such as the outcome of climate-change impacts

1

Hazard refers to climate-related physical events or trends, or their physical impacts, which may cause
loss of life, injury, or other health impacts, as well as damage and loss to property, infrastructure,
livelihoods, service provision, ecosystems, and environmental resources (IPCC, Glossary).
2
Risk is used to refer to the potential, when the outcome is uncertain, of adverse consequences on lives,
livelihoods, health, ecosystems and species, economic, social and cultural assets, services, and
infrastructure.
3
Exposure is defined as the presence of people, livelihoods, species or ecosystems, environmental
functions, services, and resources, infrastructure, or economic, social, or cultural assets in places and
settings that could be adversely affected (IPCC, Glossary).
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when lacking adaptation). and the studies consider exposure to the hazard and sensitivity
of the subject of analysis (but not adaptive capacity) in order to understand climate
change impacts and inform decision-making regarding adaptation or mitigation (O'Brien
et al., 2007). However, the focus on physical processes generating exposure neglects
social, economic, political, and cultural factors, which other approaches would include in
their estimations of vulnerability (Bankoff & Hilhorst, 2013).
The social perspective conceives vulnerability as a pre-existing condition of social
systems prior to a hazardous event. Contrary to the biophysical view, in this
perspective, vulnerability is regarded as property, an inherent condition of a social
system, may it be of individuals, communities, or social groups. This perspective is
also known as contextual vulnerability, wherein vulnerability is perceived as the
“starting point” of the analysis (Ford et al., 2010). Likewise, O'Brien et al. (2007),
further considered this vulnerability as a dynamic state resulting from social,
environmental, political, and economic processes. However, by overemphasising the
social and political structures and the vulnerability generating processes, and by
neglecting hazard impact and physical damage from the analysis, some of the studies
using this perspective have only provided a limited understanding of vulnerability
(Turner et al., 2003).
In developing countries, many studies on social vulnerability are related to chronic
hazards and natural disasters, which effect the most vulnerable (Adger et al., 2003).
The focus of analysis is drawn to the social systems and vulnerability is conceived as
having two sides: the external side, encompassing the perturbations and risks the
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system is subjected to; and the internal side, which includes the system’s capacity to
As a result, issues such as resilience4,

cope and respond to hazardous events.

sensitivity5, and coping capacity are common elements in these types of studies
(Füssel & Klein, 2006).
The integrated vulnerability approach is perceived as capable of providing a better
and more precise understanding of the multiplicity of processes and dynamics
affecting both the biophysical and social systems’ vulnerability to climate change
(Turner et al., 2003). This is particularly important in the context of policy-driven
assessments aiming to provide measures to inform adaptation policy towards
reducing vulnerability to climate change (Füssel and Klein, 2006). In this research,
the conceptual elements of integrated vulnerability assessment by Soares et al. (2012)
has been adopted and modified in the context of the analysis of the smallholder
farming system (Figure 2-1).

4

Resilience refers to the capacity of social, economic, and environmental systems to cope with a
hazardous event, trend, or disturbance, responding or reorganising in ways that maintain essential
function, identity and structure, while also maintaining the capacity for adaptation, learning and
transformation.
5
Sensitivity generally refers to the degree to which a system is affected, either adversely or beneficially, by
climate variability and change (Parry et al 2007).
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Figure 2-1: Conceptual elements applied in the study. (Designed by the Author)

2.2.2

Conceptual elements and theoretical assumptions
“Adaptation can be assessed by looking at how risks to development are
managed, and how climate effects arrest development outcomes” (Brooks et al.,
2011)

The initial step to this research is framing to characterise the key components of
vulnerability rather than explaining to understand the causes. Vulnerability reduction
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measures do not only derive from understanding causes but identifying the processes and
options for the most effective adaptation solutions. Accordingly, actions to enhance
adaptive capacity climate change are often consistent with actions to promote
development generally. I identified the intervention that is attached to the smallholder
farming context and designed to counter the conditions or symptoms of vulnerability–
such as programs for livelihood development. The Carabao Development Program (CDP)
is a perfect case to this research as a continuing social agenda implemented since 1993,
and targeted for poverty reduction of smallholder farmers in the rural villages in the
Philippines. The conceptual elements established in the previous section (Figure 2-1) are
contextualised with the assumption that vulnerability is still produced in and by society,
and climate-related challenges exacerbate the condition.
The key components of vulnerability in this research is the combination of exposure,
sensitivity, and adaptive capacity. Despite the importance of smallholder farmers to the
agricultural sector, vulnerability is assumed as high because of increased exposure to
natural hazards due to fragile geographical locations, sensitivity of the smallholder
production systems to climate, and the lack of resources and capacity to sustain their
productivity (Harvey et al., 2014; Vorley, 2012). Development programs have the
potential to improve adaptive capacity, yet they tend not to take of climate change into
account (Forsyth, 2013).
Multiple perturbations are accounted as other factors that influence the identified system
(Soares et al., 2012). Smallholder farming system is complex and is constantly changing
in unpredictable ways as they adapt to shocks, so does its vulnerability to climate change
(Orr et al., 2018). For example, local changes in the economic systems and demographics
are assumed to significantly add pressure to the availability and accessibility of resources
for farmers such as land.
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Setting the scale of analysis in vulnerability studies is a crucial element because it is
linked to the methodological design of data collection. The concept of scale is the spatial,
temporal, and analytical dimensions used to look at a subject of analysis (Gibson et al.,
2000). In this research, the focus is on smallholder farmers and households in several
farming communities. The research focuses on the community level but incorporates
analysis of issues at the regional and national level to foster an enabling environment for
local adaptation. Localised and context-specific studies are assumed to be significant in
generating information on adaptation strategies tailored to the specific needs of the
currently lacking smallholder farming systems.
A causal structure in vulnerability studies is looking at the causality of vulnerability from
the non-climatic factors and drivers influencing a particular system. Causal structures are
mostly linked in the socio-economic and political processes and mechanisms that lead to
people’s vulnerability (Blaikie et al., 1994; Soares et al., 2012). Although this research
assumed that vulnerability reduction measures do not only derive from understanding
causes, analysis of causality is needed so that adaptation solutions can be understood.
Some causes of vulnerability may not always be part of the sustainable solutions, but it
can be used to identify opportunities and means for vulnerability reduction (Smit &
Pilifosova 2003).
In this research, differential vulnerability is considered as a conceptual element describing
the manifestation of vulnerability as unequally distributed even within the specific subject
of study (Adger & Vincent, 2005). In the smallholder farming system, the pervasive
dimension that is associated with vulnerability conditions is poverty within and among
farming households. Varying socio-cultural norms and beliefs, and inequitable access to
resources and social supports shape farmers entitlements, thereby determines adaptive
capacity and vulnerability. It is also widely recognised that adaptive capacity is greater if
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social cultural and political institutions ensure that the allocation and access to resources
are distributed equitably (Adger, 2003; Cutter et al., 2003; Lahsen et al., 2010). It is
therefore assumed that there are different determinants to farmers’ adaptive capacities and
including the differential vulnerability element in the analysis can help identify the
barriers and constraining factors to adaptation (Smit et al., 2000).
Engaging stakeholders in vulnerability studies has been widely adopted because of the
perception that local actors are a repository of traditional knowledge and experiences of
past climatic events. Local knowledge has been linked to an enhanced understanding of
context-specific conditions and local adaptive capacity (Forsyth, 2013; McNamara &
Buggy, 2017). Stakeholders refer to a person or an organisation that has an interest in a
particular entity or would be affected by a particular action or policy (Parry et al., 2007).
In this research, stakeholders cover both public and private players in the smallholder
farming system. The research assumed that participation of public entities such as
governmental institution, related private and non-governmental organisations, e.g.
farmers cooperatives, and the individual farmers themselves would add credibility to the
data collection and enrich the information gathered. Therefore, the methodological
techniques applied in this research are designed to engage with relevant stakeholders who
will be responsible to act on the policy outcomes of this research.
Historical and prospective analysis is another critical element in determining
vulnerability that allows understanding of the main issues and conditions that both affects
the biophysical and social systems (Schröter et al., 2005). Including historical and
prospective data as the starting point of analysis means assessing the current impacts of
climate change and the existing measures that are already in place. In this research,
understanding climate change impacts is explored through documentation of past
experiences and existing adaptation practices of farmers. The research assumed that
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climate change is already affecting farmers and the repercussions to their livelihoods are
already felt, indicating the need for prospective analysis on opportunities for adaptation.
Uncertainty related to an understanding of climate systems includes future trajectories
and climate sensitivity to future changes. Smallholders’ environment is uncertain in the
sense that it is associated with the limited knowledge of climate system, and the way it is
modelled in many studies (Adger & Vincent, 2005). The uncertainty of the projections
makes it more challenging to design appropriate responses to adapt to future climate
change risks, but this is not a reason for inaction. In an evidence-based policy-making
paradigm, it is argued that uncertainty needs to be characterised, reduced, managed, and
communicated (Dovers & Hezri, 2010).
2.2.3

Analytical framework

This research used the vulnerability conceptual elements discussed in the previous section
to contextualise the thematic areas, and frame strategically the analyses. Figure 2-2
illustrates the overarching analytical framework that guides to address the specific
research questions for this research.
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Figure 2-2: The research analytical framework. (Designed by the Author)

The analytical process begins with the establishment of thematic areas, vis-à-vis, the
research questions. Overall, five thematic areas are determined: 1) setting the scene of the
research; 2) actual exposure and impacts of climate change; 3) adaptation responses and
determinants; 4) adaptive capacity and adaptation opportunities; and 5) the relevance to
adaptation planning and policy development. The thematic areas are structured
sequentially, so that the information from the previous is necessary for the proceeding
theme. Each thematic area is expounded in the articles that comprise the substantial
results chapters of this thesis.
The framework identifies the key analyses applied to each thematic area. including a
systematic review, the perceptions, the decision-making analyses needed to investigate
the determinants of adaptation, and the implications for policy and practice. These
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analytical approaches have been developed from the literature and theories of previously
completed research related to this study.
Conducting a systematic literature review is increasingly popular in social and
development research, in order to view the extent, range, and nature of research activity,
and to create a robust summary of current scientific evidence of research interest (Mallett
et al., 2012). This research included a systematic review of impacts and adaptation to
climate change in livestock systems. both to set the scene and to lay out the research plan
by identifying the gaps in the literature. The methodology of the systematic review is
presented in full detail in Chapter 3.
Perception-based analysis is widely used to understand climate change adaptation,
particularly in community-based studies. According Blakie et al. (1994) to vulnerability is
also about people, their perceptions, and knowledge. Many studies have demonstrated
that perceptions are valuable and necessary in knowing what makes people vulnerable,
why people exhibit certain behaviours, and how to set about reducing that condition.
People’s ideas about risk and their practices in relation to climatic disasters are used as a
measure of vulnerability (Turner et al., 2003). This research utilises farmer perceptions of
climate change, particularly on impacts and views of adaptation, thus contributing to an
understanding of farmer adaptation decisions. A detailed analytical framework to
understand climate change impacts and adaptation through farmer perception is
demonstrated in Chapter 4.
Decision making analysis is used in explaining adaptation and the individual capacity to
adapt. This research analysed farmer decision-making in the adoption of existing
adaptation practices by examining the influencing factors or determinants of adaptation,
such as farmer characteristics and other related attributes of the smallholder farming
system. Understanding the determinants to adaptation, such as social networks and
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institutional supports can cushion the impact of non-climatic stresses and vice versa
(Agarwal et al., 2012). The study also outlines the role of these adaptation determinants in
facilitating or constraining the adaptation of smallholder water buffalo farming
communities. The interplay of the several influencing factors to farmer decision making
is expounded in Chapter 5.
Analysis of adaptation to climate change from a development perspective examines how
the climate change challenge is specifically addressed at the local level. This enables the
research to contextually link to existing governmental programs, and institutional
mechanisms, particularly regarding livelihood development. According to Hedger et al.
(2008), there are three approaches in evaluation of country-led development programs: 1)
those which are merely labelled as climate change adaptation; 2) existing programs where
climate change is being mainstreamed or integrated into them; and 3) interventions which
have been framed at the outset as addressing climate change. In the case of this study, the
analytical framing is based on the second approach where climate change is being
mainstreamed or integrated into a development program. How the existing developmental
initiatives impacts on farmer adaptation strategies, and consequently, how these
adaptation strategies result in sustainable development is demonstrated in Chapters 6 and
7, respectively.
Overall, the analytical frame of this research have been developed from the mixed
methods, which combine the use of both the qualitative and quantitative data. The details
of and justification for the data collection tools and techniques are discussed in Section
2.7 and 2.9.
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2.3

Research design

Overall, the research design applied to the study is illustrated in Figure 2-3. The research
design relied on the chosen exploratory approach and interpretive research paradigm by
applying mixed methods in a case study. Accordingly, this research design linked the
overarching logic of the research from the research purpose and questions, to the
processes for empirical data collection and analytical techniques, and finally to the
conclusions drawn from the data.

Figure 2-3: Graphical representation of the overarching research design applied in the study.
(Designed by the Author)

The research processes constitute the research design, and the justification for the use of
the approach and methods will be discussed in greater detail in the following sections.
Sections 2.4 up to 2.10, respectively, show the overall strategy employed to ensure that
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the research problems will be effectively addressed. The following results in Chapters 3-6
(in publication style) reflect the mix of methods used, and how both the qualitative and
quantitative components is threaded in the findings and interpretations throughout the
study.
2.4

Using an interpretive paradigm

An interpretive research paradigm was used in the overall conduct of the research and
writing of this thesis. The interpretivist viewpoint is founded on the theoretical belief that
our knowledge of reality is a social construction by human actors (Owens, 2007; Ponelis,
2015). Thus, what we know is always negotiated within cultures, social settings, and
relationships. From this perspective, validity or truth cannot be grounded in objective
reality.
Accordingly, the interpretive research paradigm seeks explanation from the subjective
experiences of individuals and is more concerned with relevance rather than rigour
(Ponelis, 2015). In this case, meanings are used more over measurement-oriented
methodologies, such as interviewing or direct observations, which rely on the subjective
relationship between the researcher and subject. The value of the understanding that
emerges from an interpretive study is determined by the degree to which it fits and works
with the perspectives of participants, drawn from their own backgrounds and experiences
(Creswell et al., 2006)
While climate change has had a slow uptake in interpretive research, a significant body of
literature exists, which highlights the political–economic, cultural–discursive. and
historical dimensions of this vital policy issue (Malone, 2009). Much of this work
concentrates on underrepresented areas in climate policy and science, such as place-based
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identity and historical transformations, as well as social influences, networks, and values
(Adger et al., 2003; Andrade, 2009; Blue, 2016; Lahsen et al., 2010).
Positioning this research within an interpretive paradigm provided a broader reflection on
the dynamic process involving climate change adaptation in the smallholder farming
system. Although measuring climate change impacts and adaptation is necessary,
researches need consider not only the technicalities of climate change, but also the social
aspects and their interactions with other key issues within the subject of analysis. The
interpretive paradigm was ideally suited to this research considering the integrated
aspects of vulnerability which shaped local conditions. According to Burr (2006), shared
versions of knowledge are constructed, and understandings of ‘truth’ or current ways of
understanding the world are not a product of objective observation, but instead are a
product of the social processes and human interactions where people are constantly
engaged with each other.
Measuring vulnerability is a challenge and the ability of the people to adapt is dynamic
and often not just a directly observable phenomenon. Social interactions are subject to
historical and cultural change, and have related processes that unfold over time.
Therefore, how the world is understood is both historically and culturally specific.
Creswell et al. (2006) showed that providing evidence of the researcher’s extended
engagement in the field improved the credibility and rigour of interpretive research. This
research, therefore, included the immersive involvement of the researcher at the study site
over an extended period in order to capture the entire evolution of the subject of interest.
Moreover, this research adhered to a common set of principles of exploratory-interpretive
research. Firstly, as a naturalistic inquiry, where the subject of analysis is studied within
the natural setting, thereby implying that the theoretical and conceptual underpinnings
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discussed in the previous sections should be observed and considered when seeking
explanation for the subject of analysis.
Secondly, where on-the-ground methodologies were employed, the research used the
researcher as an instrument, embedded within the social context of the several farming
villages. Observational skills, participant trust, and the ability to extract the correct
information were employed. In this method, the researcher must be fully aware of their
personal biases and preconceptions, such as not to interfere with their ability to present a
fair and accurate interpretation of the subject of analysis.
Thirdly, the transferability of the research is complied. Transferability in interpretive
research refers to the extent to which the findings can be generalised to other settings
(Bhattacherjee, 2012). In this regard, the research provides detailed descriptions of the
research context and demonstrates it in Chapters 4 - 6. By thoroughly describing the
structures, assumptions, and processes revealed by the data, the readers can independently
assess whether and to what extent the reported findings transferable are to other settings.
2.5

Use of exploratory approach

As the methods of the research became more defined, it became apparent that an
exploratory approach would be most appropriate. The purpose of an exploratory study is
aimed at generating questions for future research that have been grounded in data.
Accordingly, exploratory research is also called formulative research, because it must
begin with an explicit theory and formulated hypotheses (Shields & Rangarajan, 2013).
First gathering preliminary information that will help define problems and suggest
hypotheses (Babbie, 2015) exploratory research does not aim at testing these hypotheses,
as they cannot be proved. Exploratory research instead asks how much a combined theory
and hypothesis can explain, how well it will do so, or how meaningful the explanation
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will be. Accordingly, it involves the process of amplifying the chosen conceptual tools
new questions, and can provide new explanations of a given reality, from a new angle
(Reiter, 2017).
Exploratory research thus assumes causality for the purpose of suggesting a useful way of
explaining the subject. The first question arising in formulating exploratory research is
the usefulness for whom and for what? Characterised as a gradual process, exploratory
research can be compared to a learning process because it entails reformulating and
adapting explanations, theories, and initial hypotheses inductively (Popper, 2002).
Successful explorative research indicates that the explanation provides a robust
connection between a cause and an outcome (Ponelis, 2015), wherein empirical data is
used to refine, adapt, or specify and reformulate theories and initial hypotheses (Reiter,
2017). In this research, exploration started by focusing on a case study, smallholder
farmer adaptation to climate change.
Though not a new research subject, smallholder farmer adaptation to climate change has
not been explicitly studied in the context of water buffalo farmers in the Philippines, or
even in other Asian countries where the majority of water buffaloes are found. The
exploratory approach assisted the refinement of the research issues and identified the
most relevant procedures and techniques for data collection. In the pre-fieldwork stage,
one month was spent visiting farming villages within the province of Nueva Ecija, in the
Philippines. This duration allowed for extensive engagement in formal and informal
conversations with local government officials, farmers, and relevant stakeholders,
whereby insights were gained regarding their livelihood operations. The research
networks in the study area were initially built through exploratory interviews, and by
participation to the government related extension support programs, such as Farmer
Livestock Schools. These activities provided a preliminary understanding on livelihood
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challenges, mainly of how livelihood resources are managed in through adaptation to the
changes in socio-ecological landscape, of which climate change is one key driver.

2.6

The choice of mixed methods

The choice of research methods is highly influenced by the researcher’s training and
experiences, specifically if it includes a qualitative component. A researcher’s
assumptions, past experiences, understanding, and knowledge of a community in which
they have worked can form a background for the choice of research methods (Creswell,
2014).
In the case of this study, the researcher has extensive experience working in livestock and
development related projects in developing countries, primarily the Philippines. During
the conduction of field research in agricultural communities, with farmers as project
participants, the researcher observed that farmers were often keen to express their
thoughts and feelings on livelihoods issues and the related challenges they faced, and that
they were pleased to share their knowledge if they thought it would help enhance the
livelihood of themselves and their communities. Using quantitative methods alone would
have restricted the information provided by farmers on specific topics. Therefore, while
acknowledging the benefits of empirical research, and the researcher’s own skills in
quantitative analysis, a mixed method approach was chosen.
In a mixed methods approach, a researcher requires familiarity with the flexibility of the
qualitative inquiry and the structure of quantitative research, and encourages researchers
to collaborate, and to engage in social and human sciences first (Johnson et al., 2007).
According to Creswell et al. (2003), mixed methods research is practical in the sense that
you are free to use all the methods possible to address a research problem by using both
words and numbers. This coincided with the motivation for the study, which engendered
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words and numbers in the mind of the researcher, following reading about climate change
and observing the devastation in farming communities in the Philippines. Fortunately, the
researcher had previously worked in the relevant research field and had prior knowledge
of organisations with similar interests and concerns, and thus could provide direction
towards the specific case study.
In climate change related studies, several authors have advanced the importance of mixed
method research in providing new and valuable insights for the scientific community
(Ford et al., 2010; Small, 2011). Drawing on the strengths of both quantitative and
qualitative methods provides more comprehensive evidence, allowing for a better
understand of a complex research problem (Creswell et al., 2003; Hall, 2013). Moreover,
the mixed methods were used in this case due to their suitability in explaining and
validating the conceptual elements and theoretical assumptions (Section 2.10) using the
locally specific example of the smallholder’s production system. Validation builds a
comprehensive understanding, and better contextualisation of the research, by exploring
all methods prior to providing an explanation (Creswell & Miller, 2000). Mixed method
research enables to the acquisition of different perspectives from the stakeholders, and
allows for the involvement of the local community.
A concurrent mixed method was applied to this research wherein the quantitative and
qualitative elements were present at each stage of the study (Creswell 2009; Chapter 6),
with an emphasis on quantitative as the primary method and qualitative as the supporting
method. The study began by using the qualitative method to explore the views of the
participants, as well as to build the information needed to go into a follow-up quantitative
method. The data from quantitative surveys can be explained in greater depth using
qualitative methods, such as in-depth interviews with key informants. Relying mostly on
non-numeric data, such as interviews and direct observations, the qualitative methods
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permit the research to include the voices of participants, get in-depth information, and
learn from the details of experiences and stories by asking the why’s of the research
problem. In contrast, the quantitative component employs numeric data, such as a Likert
scale, to rank the results of research questions by ‘how many’ or ‘how widespread’
(Creswell et al., 2003; Johnson et al., 2007).
The integration of a quantitative method allows for a larger number of participants, while
qualitative data reduces the information to numbers, allowing for the development of
more precise measures (Creswell et al., 2006). Related studies attest that decision-makers
prefer numbers, and in the context of this research, the findings will be useful in decision
making and policy design (Badiee et al., 2012).

2.7

Justification for the case study

Case study research has grown in reputation as an effective methodology used across
many disciplines, mainly when human behaviour and social interactions are central to
understanding the subject of interest (Harrison et al., 2017). It is undertaken to provide an
intensive, holistic description and analysis of a single, bounded unit situated within a
specific context (Merriam, 2015). A case study is bounded by time and activity, wherein
researchers collect detailed information to provide insights into real-life situations (Yin,
2009).
The relevance of a case study in this situation is in providing evidenced-based research on
climate change and smallholder development challenges, where context-specific
investigations are notably lacking (Baxter & Jack, 2008). As vulnerability to climate
change can vary within countries, communities, and even within households and between
individual farmers, a case study could provide straightforward robust information (Yin,
2009). Although the processes of which this research consists is focused at the
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community level, it incorporates analysis of institutional mechanisms at the national
level, with an objective to foster an enabling environment for local adaptation to climate
change.
Using a case study in research has several strengths, including the abilities to use different
methods across multiple sources of information, to establish rapport with research
subjects, and to obtain enough descriptions such that they can be transferred across
similar situations (Andrade, 2009). Case research is a unique research design that it can
be used in an interpretive manner to build theories (Owens, 2007). Similarly, the uptake
of a case study research in the social dimension of climate change is particularly
appealing because processes, problems, or programs can be studied in order to generate
understanding that can improve practice (Harrison et al., 2017). This research exemplifies
how to provide theoretical grounding and justification using an interpretive case study
(justification for the use of the interpretive paradigm in Section 2.11).
2.8

Research area and sampling

A purposeful sampling technique was used to select the case study area in the Philippines.
The study was considered to be a ‘collaborative project’ rather than defined in the terms
of ‘doing a study’. An initial meeting with key officials from the Philippine Carabao
Center6 ensured that the benefits and the ethical considerations of choosing the water
buffalo sector were met, and the potential limitations of the research were acknowledged.

6

The Philippine Carabao Center is an agency attached to the Department of Agriculture in the Philippines.
PCC’s vision and mandate are to provide better nutrition, income, and improve the general well-being of
the rural farming families through the conservation, propagation, and promotion of water buffalo as an
important source of milk and meat, in addition to draught power and hide. The PCC has a network of 13
regional centers, strategically located across various parts of the country. http://www.pcc.gov.ph/
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The Nueva Ecija province, in the Central Luzon region, is the National Impact Zone 7 for
water buffalo development in the Philippines. The region is home to 40% of the total
Philippines water buffalo population and, as a major producer of rice and livestock
products, is a very significant contributor to agricultural production (PSA, 2016).
The descriptions of the study area are discussed in greater detail, relative to the thematic
areas, in Chapters 4 - 6 of this thesis. In Chapter 4, the location map of the Nueva Ecija
province, within the Central Luzon region and the Philippines is provided, and also
contains the climate risks characterisation of the area. Details on the socio-demographic
and agricultural background, and the distribution map of water buffalo inventory across
the country are provided in Chapter 5. Chapter 6 contains a further historical
characterisation of the Nueva Ecija province to depict the agricultural landscape, as well
as the socio-ecological, climatic, and livelihood changes.
Overall, the study was administered across 17 municipalities (townships) and 45 villages,
randomly selected across the province (Chapter 4; Figure 4.2). The interviewed research
participants involved a number of stakeholder groups, namely farmer leaders
(cooperatives & other groups), experts (farming consultants, private carabao farming
practitioners and technicians), and institutional representatives (local government
officers). Therefore, of the farmers and household heads, 310 were selected randomly for
the surveys, accounting for ~31% of the total water buffalo farmers present in the area.

7

The National Impact Zone Program was conceptualised by the PCC in 1998 to fast track the dairy buffalo
development efforts in the country. The concept of an ‘impact zone’ involves putting together in a
compact area, preferably one or a few adjoining villages, all the components of a sustainable buffalobased enterprise development (Palacpac, 2010).
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The recruitment of survey participants was restricted to smallholder farms (households
with less than twenty head of adult water buffalo).
2.9

Data collection techniques

Multiple data collection techniques were undertaken to collate the data needed to answer
the research questions including documentation, observation, interviews, and a household
survey. These techniques are commonly applied in related areas of study and are often
used in tandem, or in multiple combinations to optimise research question specific data
collection (Bryman, 2003).
The preliminary stage in data collection was undertaken through the documentation of
relevant information. According to Mallett et al. (2012), to effectively plan the fieldwork,
it is essential to review the background information beforehand to ensure that
communities are not over-burdened by the research. The gathering of background
information on climate change manifestations, and current vulnerabilities can enable the
identification of and established the main analytical issues and priorities. Likewise,
having more background information and a review of related literature can allow the
fieldwork to focus specifically on the research issues at hand (Arksey & O'Malley, 2005).
In this research, background information included official secondary data, mainly
information on livelihoods and related social statistics, and climate data. Comprehensive
documentation, where external and internal documents, such as annual reports, newspaper
articles, and institution and organisation websites can be used to gain further insight into
the subject for analysis or can corroborate other forms of evidence (Bowen, 2009).
The sources of secondary information came from the two most relevant national
government agencies, the Philippine Atmospheric, Geophysical, and Astronomical
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Services Administration, for climate data, and the Philippine Statistics Authority, for the
unified agricultural and socioeconomic statistical data.
Another data collection technique is fieldwork observation, one of the qualitative methods
employed. Observational techniques included 1) direct observation, where the researcher
is a neutral and passive external observer and is not involved with the subject being
studied; and 2) participant observation, where the researcher is an active participant in the
research and the inputs or mere presence influence the subject being studied. Field
observation is a fundamental and highly important method in all qualitative inquiry that
can best help compliment other qualitative methods (Marshall & Rossman, 2014).
The results from the field observations were recorded as field notes, which comprised the
systematic noting and recording of events and behaviours taking place in the social
settings of the research area and participants (Burgess, 2002). A comprehensive picture of
the study, covering experiences, social practices, traditions, and cultural values held by
household groups of the smallholder farming system was obtained through observation.
The observation activities also included research participants’ listening and observing
skills, and verbal and visual behaviour through face to face interaction during
interviews and surveys. The fieldwork was enriched by the researcher’s participation at
the Farmers Livestock School during the early stage of the qualitative inquiry. The
recorded field notes were used to better interpret and add rigour to the qualitative
analyses.
Interviews are regarded as the most prominent technique in social and behavioural science
research (Alshenqeeti, 2014). Qualitative interviewing is a flexible and dynamic way of
investigating through conversation between equals rather than a formal question and
answer exchange (Edwards & Holland, 2013). In this research, conducted interviews are
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described as an interpersonal situation, a specific form of human interaction where
knowledge evolves and is constructed resulting from a dialogue (Kvale, 1994).
Key informant interviews were initiated as the first part of the data collection phase. The
aim of interviews was to explore the views of all the stakeholder groups on climate
change and the related adaptation challenges, such as to translate the case study research
findings into policy or practical research recommendations. To convey the importance of
these particular interview, each participant was selected purposively to generate richer
narratives. Three types of key informant were chosen from a pool of relevant stakeholders
including 1) farmer group leaders, 2) government officials, and 3) experts, such as private
technical consultants. The detailed interview guides, showing the question types are
attached in Appendix 10.
A household survey comprised the quantitative component of the mixed methods. A
survey is defined as the collection of information from a sample of individuals through
their responses to a question or questions (Check & Schutt, 2011). Similar with the
purpose of most social research in conducting surveys (Ponto, 2015), this research
administered a household survey to describe and explore the thematic emphasis on
perceptions of climate change and adaptation behaviours using a representative
population from smallholder water buffalo farming villages. The main advantage of using
household survey data in this study is that it allowed the extent of climate change impacts
and adoption of adaptation practices to be estimated and understood (Hubrich & Wittwer,
2014). Analysis of household data can inform local policymakers on the characteristics
and patterns exemplified by farmers, the same group that will benefit practically from a
policy outcome (Lupu & Michelitch, 2018).
The survey questionnaire design utilised for this study, and copies of the survey and
interview questionnaires are presented in the Appendix 10 and 11. The detailed
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application of the survey data and the applied procedures are expounded in Chapters 4 - 6
and are presented relative to the thematic aims of each chapter.
2.10 Data analysis tools
In interpretive research, statistical analytical tools can be utilised even for qualitative data
(Creswell, 2014). In this research, the quantitative and qualitative methods were
integrated to generate meaningful information that addresses the research questions, for
which a separate statistical analytical tool was employed. According to Bazeley (2006),
computer software and processing power facilitate or extend the integration of analyses.
In terms of data handling, a ‘combination’ strategy was adopted, wherein different data
types were combined within the analysis, such as when both text and numeric data are
used at the same time.
Qualitative research is not amenable to statistical procedures such as regression analysis,
but is coded using techniques such as content analysis. The NVivo statistical program was
utilised for qualitative data analysis, including coding, such as to identify and define the
categories and the thematic patterns generated during the research process. A qualitative
data analysis computer software package designed for working with abundant text-based
information, where deep levels of analysis of data are required (Bazeley & Jackson,
2013). NVivo was utilised for coding the verbatim transcription of the interviews, field
notes documents, and literature review materials. Coding and reviewing the themes from
the qualitative data, through NVivo, ensured the reliability of the research (Zamawe,
2015), by allowing for a potential independent audit of the data collection and analysis.
The advances of statistical software is allowing quantitative data analysis to become
increasingly accessible to social scientists across the disciplines. In this research, SPSS
was employed Statistical Package for the Social Sciences to analyse the survey data. A
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popular choice of analytical software tool among sociologists, SPSS was found to be
useful in summarising the data, producing tables and graphical representations, and
running the appropriate statistical tests on the quantitative data (Miller et al., 2017).
The results chapters reflect the mixing of the methods and analytical tools used
throughout the study. In Chapters 4 and 6, descriptive statistics, Friedman’s test (Krelated-samples test) is used to establish the importance of climate change over other nonclimate related stressors to farmers’ livelihoods and is followed by the Wilcoxon signedranks test for pairwise post hoc comparisons. Ordinal regression analysis was performed
to determine the possible association of farmer socio-economic characteristics and the
perceived levels of climate change impacts.

In Chapter 5, the binomial logit model was used to analyse farmers’ decisions to adapt
and to choose between multiple adaptation practices. Binary logit model has advantages
over other methods (including multinomial) due to its computational simplicity, and was
suitable given the adaptation practices associated to a binary choice situation (adapt/not
adapt) (Bryan et al., 2013).

2.11 Limitations of methodology
The surveys were administered face-to-face amongst the sampled households. The
implementation of quantitative surveys via the internet, mail, or by phones are not
effective due to the poor connectivity of rural areas, aside from the potential to exclude
some of their views and experiences. Although mobile phone users are relatively high in
the Philippines, with at least one household member owing a mobile phone, neither phone
numbers or subscriber identities are officially registered, and telephone directories are
non-existent, therefore the creation of a workable sample frame is not possible. Instead,
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face-to-face survey administration is employed in data collection because the survey
respondents are more likely to give their full attention if interviewed face-to-face. Though
conducting face-to-face surveys has been found to be more time consuming and costly
(Szolnoki & Hoffmann, 2013), it is still commonly preferred in conducting research in
developing countries (Lupu & Michelitch, 2018).
Likewise, quantitative surveys alone may not always provide a representative of a
farming dependent population. Household heads are typically targeted as the main survey
respondent as this covers the voices of the other members of the household, thus
represents a farming family (Hubrich & Wittwer, 2014). In conducting mixed methods,
the researcher must also have the time and resources to collect both qualitative and
quantitative data (Creswell et al., 2014). The research fieldwork of this study took almost
a year of implementation, running from January– November 2016.

2.12 Ethical considerations
Ethical considerations are fundamental in climate change and community-based research.
Many practices and policy-making responses to climate change require value judgement
and ethical considerations, thus challenging traditional designs, methods, and objectives
of climate change research conducted in cross-cultural environments (Israel & Hay,
2006). Many of the ethical challenges in this research are common to social sciences
research including ‘informed consent’, ‘anonymity’, and ‘ownership of data and
findings’. Ethical clearance for this research was obtained from Charles Darwin
University, CDU-HREC Ref. H15084 and a copy of clearance is provided in the
Appendix 9.
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2.13 Conclusion
This chapter has laid out the design, methods, and theoretical and analytical context in
which the research investigation was conducted. The chapter argues that an exploratory
approach and interpretive paradigm, through mixed methods, is suitable to obtain
empirical evidence on the integrated perspective of vulnerability and climate change
adaptation of smallholder farmers. The framework provided concepts to structure the
reality and holistic context of smallholder farming villages, which are relevant for policy
design and action. Relying on the mixed methods, the framework consists of both
qualitative and quantitative primary data collection tools and on literature to analyse the
gathered information. The research utilised the interpretive paradigm to analyse the
exploratory research project. The case study approach used in this research, therefore,
was useful in eliciting real-life experiences and empirical evidence on smallholder
adaptation to climate change. The chapter also displayed the diagrammatic representation
of the significant concepts, consisting of the framework, design, and development of the
research. The next part of this thesis, contains the systematic review of climate change
impacts and adaptation, and the empirical findings are provided in Chapters 4 - 6.
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3.1

Abstract

We conducted a systematic literature review to document the scientific knowledge about
climate change impacts and adaptation in livestock systems, and to identify research gaps.
The analysis was built from the premise that livestock offers substantial opportunities for food
security and sustainable development if adaptation to climate change is appropriated. In
examining 126 suitable peer-reviewed publications we discovered five research gaps: (1) a
lack of research in Asia and South America; (2) a lack of mutual investigation and linkages
between impacts and adaptation; (3) a lack of emphasis on mixed crop-livestock systems; (4)
a lack of emphasis on monogastric livestock; and (5) an underrepresentation of quantitative
methods including yield impact models. The findings suggest that the research on climate
change impacts and adaptation in livestock systems needs to move beyond certain
geographical contexts and consider key vulnerability priorities, particularly from developing
countries. It is pivotal that research begins to jointly look at climate change impacts and the
livestock keepers’ adaptation to draw out policy implications and to effectively target support
for impact-specific adaptation options. Only if such evidence is established, adaptation will be
appropriated accordingly to the needs of the livestock sector, and provision for the growing
demand of animal-based products will be secured.
3.2

Introduction

Global livestock production is now under immense pressure. The increasing demand for
livestock products has been largely driven by population growth, urbanization, increase in
incomes, and shifts in diet [1,2]. Livestock systems operate under a wide range of
environmental conditions, causing production to be increasingly affected by climate change.
A quarter of the global economic impact caused by climate-related extremes was absorbed by
the agriculture sector, wherein livestock, next to the crop subsector, faces most of the total
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damage and loss [3]. The livestock sector has recently had the lowest annual increase in meat
production (1 percent in 2016; [4]). The future of the livestock sector will be increasingly
challenging with the projected scarcity of resources crucial for production, particularly land
and water, under climate change [5]. Climate change leads to reductions in livestock
productivity by directly depressing animals’ adaptive response mechanisms, altering the
spread and prevalence of diseases [6], and causing heat stress and related welfare issues [7];
and indirectly by compromising the availability of feed crops and quality of forages [8]. Thus,
generating research evidence of climate change impacts and adaptation on livestock will have
important implications for the development of the sector and the people depending on it.
Livestock production employs 1.3 billion people and sustains livelihoods of about 900 million
poor people worldwide [9]. Livestock and animal source food provide 14% of the total
calories and 33% of the proteins in the world population’s diets [4]. Further, livestock has the
potential to strengthen resilience to climate change, as it tends to be more resilient than cropbased systems [10]. However, to enhance livestock resilience to climate change, a better
understanding is needed of the way the sector is affected [11]. Effective policy and practice
requires sector-specific data about the nature and magnitude of impacts triggered by climate
change [12,13]. As the extent to which climate change impacts vary across different livestock
systems [14,15], understanding these differences is critical to the formulation of policy and
practices [16]. Alignment of knowledge on climate change impacts and adaptation across
different scales is also important to identify common concerns that can encourage
collaboration among different production systems, and areas which climate change is likely to
impact negatively [17]. Likewise, the unidentified gaps in research relating to climate change
impacts and adaptation in livestock limits the understanding, and weakens the ability, of the
sector to deal with future climate change impacts and to monitor adaptation progress over
time.
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As the livestock sector is very dynamic, there have been relatively few studies on climate
change impacts on livestock, as compared to crops [18], and the available evidence is still
fragmented [19]. Data on the damage and losses caused by climate change is not
systematically collected or reported worldwide [3]. In addition, collecting and synthesizing
livestock data is always a challenge because of heterogeneous production systems, varied
agroecological zones, and, in most cases, different production objectives [20,21]. There are
also a variety of practices across production systems according to cultural, socio-economic,
and institutional conditions [22,23]. Ultimately, the importance of livestock to a country’s
development agendas depends on the multiple socio-economic values, and the cultural
benefits it provides [24,25].
A few reviews have documented climate change impacts on livestock productivity [17,26,27]
and on peoples’ livelihoods in developing regions [15,23,28]. Previous research has also
investigated climate change impacts on livestock, including through higher frequencies of
weather extremes, such as droughts [29], floods [30], and heat waves [7], as well as variations
in rainfall and temperature [31]. However, no global systematic reviews have been undertaken
on how the livestock sector is affected by and adapts to climate change.
Here we systematically document the available knowledge on climate change impacts and
adaptation in the livestock sector. Our aims are to (1) assess the main climate change impacts
on the livestock sector; (2) determine which areas of livestock production are affected the
most; (3) synthesize adaptation responses in different production systems; and (4) reveal
research gaps regarding impacts and adaptations relevant to different production systems.
Specifically, two indicative questions were posed to guide the review process: (1) What is the
current documented evidence of climate change effects on different livestock production
systems; and (2) how do these climate change impacts trigger responses or links to adaptation
across the different systems?
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3.3

Materials and Methods

3.3.1 Search Strategy and Selection of Literatures
We carried out an electronic literature search to capture relevant peer-reviewed articles
published in the English language only, with no imposed limits on the year of publication,
study design, or geographical coverage. We aimed to limit the selection of literature to studies
that explicitly cover climate change and its impact on livestock, and further, showed links to
adaptation in the livestock sector. As “climate change” can manifest itself in various ways
(e.g., change, variability, and extremes), and “livestock” often excludes “poultry”, different
keyword combinations were used to capture the fullness of the topic. Further, as the concepts
of “impact” and “adaptation” are strongly intertwined, and also encompass “risk”,
“resilience”, and “vulnerability”, a supplemental manual search was carried out [36]. The lead
author independently conducted the database searches between 1 September and 15 October
2017. The search was run in Scopus and Web of Science, and included titles, abstracts, and
keywords. The search strategy was specific to each of the two databases (see Figure 3-1).

Figure 3-1: Search and selection process of the documents for review.
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The key search terms used in combinations were: “climate change” (weather, variability),
“livestock” (poultry*ruminants), “impact” (heat stress; feeds; pasture; production;
reproduction; health; vector-diseases), and “adaptation” (strategies; vulnerability; risks;
resilience). The search resulted in a total of 427 articles (excluding duplicates). Inclusion and
exclusion criterion were applied on these 427 articles and we finally retained 126 articles,
which were reviewed in full detail and analyzed further.
3.3.2 Data Management, Coding, and Analysis
We imported the final 126 articles from Endnote into Nvivo11 for further synthesis, coding,
and analysis. The use of this software helped to reduce human error in data coding and
analyzing the content using multiple factors in the literatures for review [37]. Bibliographic
information was automatically classified once imported. A list of data categories was
developed beforehand to ensure consistency of data extracted from individual articles (see
Supplementary Materials S1). Based on the pre-determined categories, data were identified
and coded as nodes and cases for further analysis. Nodes included the key concepts for
content analysis, while cases were coded such as to include information on the background of
the publications selected. Data were coded accordingly, as reported from the 126 included
documents. To identify the key literature trends, the bibliographic information and
background of included documents were transformed first into quantitative measures [38].
We used content analysis to synthesize the extracted data, infer contextual meanings, and
further define the scope of the review [39]. Data summaries were created into tabulations of
frequency counts and percentages. Qualitative evidences were drawn on the nodes that were
initially developed: “exposure”, “impacts”, “adaptation”, and “implications and knowledge
gaps”. Data content within each of these nodes were classified into sub-categories. Common
findings were collated through interactive visualizations.
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3.4

Results

3.4.1 Number and Type of Publications
The number of peer-reviewed papers on climate change impacts and adaptation in the
livestock sector has increased rapidly since 2000 (see Figure 3-2a). The very few publications
(seven articles) before 2000 were excluded because they were not associated with livestock.
The classification based on the first author’s affiliations demonstrated that the considered
publications were written by authors from research and higher education sectors (50%),
governmental (33%), non-governmental (11%), and inter-governmental organizations (4%).
A few were published by private environmental consulting firms (2%) (see Figure 3-2b).

(a)

(b)

(c)

Figure 3-2: Publications reviewed grouped by (a) number of publication by year; (b) methodological
background; and (c) classification of first authors by affiliation; N=126.
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Though most publications were journal articles (74%), there were some reviews (16%), and
book chapters (10%) (see Figure 2c). The publications were methodologically conducted
either as conceptual (52%) or empirical (48%) studies. Results from this research were
derived from secondary data through conceptual synthesis, 43% on primary investigations
using case/cross-sectional studies and 6% on experimental/statistical modelling methods.
Publications that used secondary data were mostly qualitative in nature containing reviews
and conceptual articles. These mainly covered generic assessments and descriptions of likely
climate change impacts and adaptation challenges facing livestock. There were few
publications relating to quantification of climate change impacts and adaptation in livestock
systems (6%).
3.4.2 Geographical Concentration
Though most publications were country-specific (57%), some were global (23%), and some
regional (20%). The split between developing (45%) and developed (43%) countries or
regions was nearly equal, with the remaining 12% having global coverage. The United States
and Australia (42%) dominated the studies from the developed world followed by India,
China, and the United Kingdom (see Figure 3). Most publications from the developing world
were from Africa (56%), and these were largely from Ethiopia and Kenya (45%). Only a few
of the publications from developing countries were from Asia (23%) or South America (4%).
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Figure 3-3: Geographical distribution of the reviewed publications by study area and geo-economic focus, N126. (The intensity of colour indicates the frequency of studies per country) (Powered by Bing® DSAT for MSFT,
GeoNames, Microsoft, Navteq, Thinkware Extract, Wikipedia).

3.4.3 Production Systems
We classified the focus on publications by production systems using the Food and Agriculture
Organization of the United Nations (FAO) classification (see Figure 3-4). More than half
(55%) covered solely livestock systems in which more than 90% of dry matter fed to animals
comes from rangelands, pastures, annual forages, and purchased feeds, and 10% or less of the
dry matter eaten by animals is provided by crop production. This system covers two subclassification: the landless (14%) and the grassland-based (86%) systems. Publications under
grassland-based systems considered pastoral farming from African countries, and extensive
grazing particularly for small ruminants, whilst rangelands and intensive grazing conditions
were investigated in Australia and the United States (see Appendix 2 for complete list).
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Figure 3-4: Focus of reviewed publication classified by production systems, (N=126).

About 15% of the publications were about mixed crop-livestock farming systems in which
animals are fed mostly on dry matter from crop by-products or at least 10% of the total value
of production comes from non-livestock farming activities such as crop production. Almost
all of the publications in this system were from developing countries or regions where the
system is described as agropastoral, which means that in addition to pastoral farming, crop
cultivation is integrated, and crop residues are provided to livestock [40]. In terms of system
descriptions, we found limited information by which to identify the specific sub-systems
under mixed farming as rain-fed or irrigated. Additionally, while 18% of publications were
presented in a form of a sector-wide overview pertaining to livestock, 12% were not
associated with a specific type of system.
3.4.4 Livestock Types
The majority of the publications covered multiple livestock types at a time, and a few covered
specific types, such as camels (4%), ass and donkeys (4%), and yaks (3%). About 71% from
total publications were focused on ruminants, classified further into large (62%) and small
(38%) ruminants. Cattle was identified as the most studied species (25% from total
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publications) in addition to publications directed at dairy (9%) and meat or beef-type (7%).
There were also a few that dealt with water buffaloes (3%). The studies on small ruminants
(27% from total publications), consisted of 56% on sheep and 44% on goats. Around 19%
considered monogastric animals, including poultry, mainly chickens (13%) and pigs (6%).
3.4.5 Climate Parameters
The main climate parameters that were studied in the reviewed publications were increasing
temperatures (78%), followed by rainfall or precipitation variability (63%) (Table 3-1).
Multiple climate change related extreme weather events were investigated in 82% of total
publications, mainly drought (50%), extreme weather in general (37%), extreme heat (36%),
increasing occurrences of floods (17%), and more intense typhoons or cyclones (6%).
Table 3-1: Livestock exposure to the different climatic variables, N=126.

Climate Parameter

Number of Publications % of Total

Increasing temperature

98

78

Rainfall variability

80

63

Drought

63

50

Weather extremes (general)

47

37

Extreme heat

45

36

Flood

21

17

Typhoon

8

6

3.4.6 Main Impacts
We found eleven different production areas (Figure 3-5) that were investigated and found to
be affected by climate change. These were: feeds (mentioned in 52% of the publications),
diseases (43%), economic (36%), water and land resources (35%), production (32%), heat
stress (23%), livestock numbers (22%), reproduction (22%), biodiversity (13%), food security
(13%), and product quality (10%) (see Figure 3-5).
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Figure 3-5: Representation of the complex and interacting climate change impacts on livestock.
(Bubble size represents impact domains in proportion to the number of studies and percent of total
reviewed publications. The one-way arrow (→) directly points one impact domain to another, while the
double-headed arrow (⟺) represents two-way interaction of the two impact domains).

Of the publications, 92% simultaneously looked at multiple impacts to the different
production areas, while a few focused on a single impact alone, including specific discussions
on diseases (e.g., [41,42,43]) and on feeds (e.g., [44,45,46,47]). The emerging pattern of
interactions of these different impact focal areas implies that climate change affects livestock
in many ways—from one production aspect leading to a complex interaction with one or more
other production areas.
Further analyses of content showed other notable findings: (1) almost all of the impact areas
(nine out of eleven) examined had a further effect on the economic aspects of livestock
production; (2) heat stress directly impacts animals through aspects such as production,
reproduction, livestock numbers, disease occurrences, and product quality; (3) production
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aspects and livestock numbers were most likely affected by the indirect effects of heat stress,
diseases, reproduction, production, and feeds; and (4) other impact domains are
interconnected or associated from one to another, such as water and land resources to
biodiversity, and economic impacts to food security. The reported effects of climate change
on livestock are summarized in Table 3-2.
Table 3-2: Summary of climate change impacts on livestock from reviewed publications, N=126.
Impact Domain

Specific Climate Change Impacts Reported
-

Decline in pasture, rangelands, crops, and forages productivity 1,3,5,6

-

Deterioration of feeds quality, e.g., herbage and forage digestibility 1,2,3

-

Altered grazing system and temporal pattern of grassland production 2,3,5

-

Reduced quantity and availability of forage and grains feedstuffs 1,3,5,6

-

Shift in disease pattern and distribution of infectious diseases 1,2

-

Change in abundance and activity of disease vectors e.g., insects 6

-

Increase persistence and survival of pathogens and parasites 1,2

-

Higher prevalence of endemic diseases e.g., helminths in ruminants 1,2,6

-

Increasing prevalence of respiratory infections in poultry 1,2

-

Higher incidence of mastitis in dairy animals 1

-

Changing severity of human–livestock diseases 5,6

-

Increased risk of pastoralist household livelihoods 1,3,5

-

Reduce cashflow and decrease savings of herders 3,4

-

High price volatility and high transaction costs, e.g., disease outbreaks 4,5

-

Trade issues, more problematic grain supply and trading pattern competitors 1,3

-

Loss of farm profits, e.g., egg production and dairy cattle 1,3,4,5

-

Increase in cost of labor and unemployment within rural regions 3,5

-

Decline in product prices and net value of animal stocks, e.g., beef and lamb 5,6

-

Increases competition and conflicts to grass and water access 1,3

Water and land

-

Altered land use allocation and system changes 1,5,6

resource

-

Declining quantity and quality of drinking water and pasture 3,5,6

-

Changes in properties of pasture soils—drier, harder, and less nutritious 3,5

-

Decline in milk yield and meat production 1,3

-

Low production efficiency in poultry and cattle 1

-

Reduced wool production 1,3

Feeds

Diseases

Economic

Production
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Heat stress

Livestock numbers

Reproduction

Food security

Biodiversity

Product quality

-

Poor growth and live weight losses e.g., beef cattle and sheep 1,3,5

-

Alters the physiological and behavioral functions of livestock 1

-

Decreases forage intake, nutrient absorption, and feed conversion efficiency 1,3

-

Body temperature beyond 45 - 47 °C is lethal in most species 1

-

Negative implication on animal’s reproductive and breeding performance 1

-

Alters composition of products, e.g., milk lipid profile 1

-

Increased concerns on animal welfare, e.g., cattle feedlots 1

-

Higher livestock death in pastoral system 4

-

Disproportionate decrease in stocking rates 1,3

-

Increased in still births, embryo mortality, and abortions 1,3

-

Recorded 3000 goats and sheep and 500 yaks death in Northern Pakistan 1,3

-

Increasing camel calf mortality 1,3

-

Higher rates of preslaughter mortality in broiler chickens 1

-

Decrease in reproductive performance, e.g., lower conception rates 1,5

-

Decrease in animal fertility, general fitness and longevity 1,5

-

Reduced birthing rates, increases in age at first calving in beef cattle 1,5

-

Increase number of people not receiving enough food to maintain healthy life 5,6

-

Disproportionate regional distribution of hungry people 3,5,6

-

More pronounced dependency on food aid in pastoral communities 3,4

-

Decrease in production levels of food (less food available or for sale) 3,5

-

Genetic biodiversity loss 6

-

Population reduction of rare breeds 1,6

-

Species and breed displacements 3,6

-

Predation of livestock by wildlife 3

-

Reduced synergy between crop–livestock 3

-

Negative influence on quality of fur, wool, and cashmere 5

-

Results to lower average egg weight and poor egg shell quality 1,5

-

Affects nutritional contents of livestock products 5

-

Impacts carcass fatness, meat flavor/taste and tenderness in beef cattle 5

-

Observed greater reductions in milk quality, e.g., dairy goats 5

-

Increasing number of carcass condemnation 5

As it links to climate parameters: 1 temperature; 2 rainfall/precipitation variation; 3 droughts; 4 extreme
events; 5 multiple climate variables; 6 global climate changes (general).
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3.4.7 Adaptive Responses
Following Kates et al.’s [48] adaptation concepts and Herrero et al.’s [17] proposed
classification of adaptation options for livestock, adaptive responses were explicitly reported
in existing publications (see summary list in Table 3-3). Incremental adaptation through
technical and management improvements occurred as the most common response. These were
particularly noted in local-scale case studies from developing countries (e.g., [49,50]). A few
studies focus to a lesser extent on systemic adaptation options such as altering farming
systems components, institutional and policies changes (e.g., [11,51]), and involving the
socio-economic dynamics of livestock farming systems (e.g., [52,53]). Transformations not
just of production systems but of farmers livelihoods have evolved as another adaptation
option in livestock systems. Some examples include the shifting in choice of livestock in
addition to, or the replacement to, other species, and moving from cropping to livestock
farming in response to a changing rainfall and more frequent drought occurrences (e.g.,
[10,54]). There was no further information found from these studies as to further evaluations
of such transformational adaptation.
Table 3-3: Summary of adaptation options in livestock from existing publications, N=126.
Adaptation Options

Constraints to Adoption
Rangelands:

Incremental

-

Improvement in quality and quantity of feeds:

-

Improved pasture yield: revival of traditional one pasture
only for the length of one season, restoration of degraded

Bio-physical

-

and

direction

social and economic parameters

-

Uncertainty in climate change science
Mixed systems:

pasture, increased vegetation cover, rehabilitation of
pasture water supply, development of irrigated pasture,

barriers

-

Lack of information at the systems

modifying the schedule of grazing (measures from

level, e.g. difficulty in modelling crop-

Mongolian livestock sector)

livestock

impacts

Adjustment in feeding system management: livestock

temporal

scale,

stocking rate adjustment (US cattle raisers), planting

context (biophysical, socio-economic

perennial forage crops, feed supplementation (from Asia

and cultural).
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-

mixed-crop livestock system)

-

Altering rangeland management: revision of fertiliser

government and other institutions

management (sown legumes and phosphate), greater use of

-

Pastoral systems:

spell and rotational grazing and attention to fire

-

Typical communal land tenure systems

management, constant conservative stocking rate, pasture-

-

Limited and insecure access to natural,

climate scenario simulations (from Australian livestock
systems)

capital and labour resources

-

Land and water use efficiency:

-

Capacity building highly dependent on

Poor

market

infrastructure

and

organisation

Change in farmland use, pasture irrigation (from US and

-

Cultural factors and farmers disposition

-

Deterred

Australia systems)

-

Establishment area enclosure for communal lands (small
ruminant’s systems in Ethiopia)

Alleviation of heat stress:

-

Provision of shade (natural shading material from trees or
artificial cooling systems)

-

Improved housing systems ventilation systems

-

Direct access to water source such as rivers and pools

-

Selection of heat tolerant animal species and breeds

Livestock management:

-

Adopting livestock healthcare practices

-

Managing pests and weeds and disease vectors

-

Altering patterns of breeding and reproduction

-

Improvement in water and soil management practice

Systemic
Modernization of farm operations:
Modelling and forecasting emerging infectious diseases

-

Development of early warning systems

-

Market and infrastructural development (developing

and

of better climate information)

-

-

-

Venturing in other small farm business enterprises

-

Use of new and alternative feed crop varieties/dietary
shifts

Market and policy constraints: lack of
specificity

Establishing slaughter houses and restocking schemes

Altering farming systems components:

Lack of capacity to interpret and utilise
climate models for diseases prevention

-

countries)

-

institutional

communication infrastructure (absence

-

-

by

Irrational policy choices and system
measures

-

International

genetic

programs are confined to high-input
production systems.

Climate smart technology intervention package
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-

Moving away from cropping to livestock farming

-

Switching choice of livestock species and breeds

Institutional and policy changes:

-

Putting subsidies and insurance schemes (flood)

-

Income stabilisation/less market risk options

-

Promotion of inter-regional trade for animal products

-

Decision support tools and social learning networks

Transformational
Farming system transitions:

-

Migration to higher altitudes, location shift because of
alternate source of income, change in migration timing,

-

leaving pastoralism altogether (Pastoral systems in Africa)

-

Geographic relocation of confined livestock facilities

-

Livestock sales

Livelihood and off-farm income options

-

Livestock herd-mix, multi-species herding

enforced

institutional

mechanisms (developing countries)

-

Labour force, monetary resources and
social relations

Diversification:

-

Weakly

-

Family–farm

succession

planning

(Canada)

Production intensification:

-

3.5

Increases in industrial systems

Discussion

This systematic review reveals a growing research interest on climate change impacts and
adaptation on livestock from different production systems, geographical, and agroecological
contexts. The extent and distribution of the studies reflect the importance of livestock to
various countries and regions, and the fundamental need to address and adapt to the identified
impacts of climate change. Although the impacts of climate change on livestock have not
received as much attention as those of crops [17], several authors have documented key
impact domains in livestock systems [15,23,26,27] (see also summary in Table 3-2).
Systematic documentation of these different impacts is important in determining which aspect
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of livestock production is under most pressure, and consequently, the most that needs relevant
adaptation.
3.5.1 Climate Change Impacts on Livestock
In this section, we discuss the five production areas that were reported to be affected mainly
by climate change: feeds, diseases, economic, production related, and water and land usage in
livestock (see Figure 3-5). Feeds related impacts of climate change are commonly described
in terms of quantity and quality [23,26,27]. Decline in quantity of pasture, rangeland, and
forage crops production are widely mentioned as consequence of increased temperature and
droughts [46,47,55]. A shift in seasonal patterns, from hotter and drier climates, causes
significant yield reductions and alterations in the temporal pattern of grassland production and
grazing systems [30,56]. Increasing temperatures decrease pasture production, and result in
poorer quality of forage species [29,31]. Similarly, higher temperatures are associated with
increased lignification in plant tissues and decreased digestibility of forage directly affecting
forage supply [8,47]. Lower forage quality means that animals may not fulfil the energy
requirement to maintain their body weight [26].
Livestock diseases are highly affected by climate changes. The impacts are mostly expressed
in terms of severity and distribution, and described as either direct or indirect. Direct impacts
on animal health are mainly because of exposure to increased temperatures and humidity. The
main direct impacts reported include reduced immunity to infections (e.g., due to heat stress),
increased development rates of pathogens, and prevalence of infectious diseases during
extreme weather events [6,57]. Indirect impacts are attributed to variations in temperature and
rainfall, which included increase in persistence and abundance of disease vectors and
parasites, host resistance to infectious agents, and changes in the severity of human–livestock
diseases [41,58]. Moreover, several authors identified extreme examples of climate driven
livestock diseases, such as ruminants’ helminthological infections [42] (e.g., nematode
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infections in cattle [43]), avian influenza [59], higher clinical mastitis incidence in dairy cows
[60], and parasitic diseases (e.g., movement of tick-borne infestations [61]).
Economic impacts arise from poorer performance of animals, which are associated with
impacts on other production aspects, such as in feeds and health. In pastoral systems, for
example, economic losses are usually linked to poor animal performance due to feed scarcity
induced by droughts [62]. Recurrent economic losses in pastoral systems are increasing
livelihood and food security risks of many pastoral households in Africa [63,64]. In intensive
systems, economic impacts arise through affected trade, such as shortages in feed grain
supply due to reduced harvest during droughts [65,66]. Apparently, disease outbreaks and
heat stress directly impact expenses and incomes, and can cause decline and instability in
prices and net values of animal stocks [67,68,69,70]. Additionally, many studies report
extreme weather events such as cyclones, floods, and droughts to directly impact animal
stocks by increased morbidity and death rates [26,71].
Production related impacts of climate change are accounted for with greater concern on the
associated performance parameters such as daily weight gain, feed conversion efficiency, and
milk yields and quality among others [15,72,73]. Heat stress and humidity alter the
physiology of livestock, making animals more susceptible to disease and stress [68,74].
Variability in temperatures result in pronounced impacts on reproductive performance of
animals such as decreased fertility, conception rate, and longevity [74].
Water and land resources are key inputs in livestock production systems, mainly in feed crops
production [17,23,26]. The livestock sector uses 8% of global water use [27]. Climate change
affects water availability, and water scarcity and depletion are reported to seriously reduce
livestock productivity.
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3.5.2 Research Gaps and Needs
Although the research on climate change impacts and adaptation in livestock systems is
generally increasing, we identified five research gaps and needs.
The Need to Widen Spatial Coverage
The number of publications is not representative with respect to the sensitivity to climate
change and vulnerability contexts of different regions and production systems. In terms of
spatial coverage, 12% of publications considered global scale, while the share of studies from
developing (45%) and developed (43%) countries or regions is about the same. Livestock in
developing countries contributes a much higher share to people’s income and has important
socio-economic roles [13,21]. Moreover, developing countries are more vulnerable to climate
change impacts and livestock are more likely to be exposed to extreme events, with little
infrastructure and resources to keep animals safe. Therefore, more research in developing
countries is needed. There is a fundamental research gap in Central and South America,
Southeast Asia, the Pacific islands, and in parts of Africa, with more than half (56%)
concentrated in East Africa (see Figure 3-3). In drier areas of Central and South America, it is
expected that climate change will likely worsen drought and the degradation of agricultural
land, decreasing the productivity of livestock and important feed crops such as maize and
soybeans, with adverse consequences for food security [75]. In Southeast Asia, up to a 20%
decrease in crop yield is projected by 2050, as a result of regional changes in temperate and
precipitation, thereby impacting feeds and fodder availability for livestock. With Asians
population growth and the increasing demand in higher standards of living, this decrease
could adversely impact more than a billion people by 2050 [76]. The same applies to Pacific
islands, which are highly vulnerable to extreme weather events and sea level rise, and where,
by 2050, climate change is projected to limit freshwater resources, which are a very crucial
resource in livestock production [77].
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The Need for Holistic Research at the Impact and Adaptation Nexus
Adaptation responses are mainly documented as a synthesis of what is already being done, the
measures undertaken, or is continuing across different production systems. These are generic
autonomous adaptation responses that take little or no account to specific climate change
impacts. Only a few have clearly associated adaptations to certain climate change impacts
(e.g., [56,62,78]). To develop effective adaptation strategies and ensure adaptation success,
research on climate change adaptation must not be approached separately, but should instead
be integrated within the framework of impact assessments [79,80].
The documented adaptation responses are mostly incremental through management and
technology adjustments to reduce the impacts, and less on systemic measures such as
institutional and policy changes. More research on anticipatory adaptation is needed, targeted
for specific impacts, especially in developing countries where predictions on climate change
impacts are grim and many farmers are constrained to spontaneous responses even in cases of
extreme events, rather than being able to develop planned adaptation. Moreover, there is no
adaptation option that stands out as having high potential, without considering local
conditions and realities [81]. For example, under the same grassland-based systems, the
intensive rangelands and pastoral systems occur in a contrary social and economic conditions
and faces different challenges, thus different methodological assessments may apply. Limited
evidence accounting for social variables have been similarly raised as concerns and need to be
considered further in climate change adaptation researches [17].
The Need for More Research on Mixed Crop-Livestock Production Systems
Reviewed studies mainly focus on grassland-based production systems (47% of total
publication). There is a need for research on climate change impacts and adaptation in mixed
crop-livestock systems. Half of the world’s food is produced in mixed crop-livestock systems
[82]. This production system sustains most household livelihoods in developing regions [83],
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and research in this area can have serious implications on the sustainability of mixed croplivestock production, and the sustenance of farmers’ livelihoods under changing climate.
The Need to Include Monogastric Livestock
The majority of reviewed publications (71%) are on ruminants while monogastric livestock,
particularly pigs and chickens, receive much less attention. Pig and poultry farming, however,
are important to many farmers in developing countries and regions, as they can co-exist in any
agricultural system [84]. Monogastric animals’ health is more susceptible to climate change
and productivity is even more affected than that of ruminants [26]. Furthermore, pigs and
poultry have lower environmental impacts than ruminants, and local chicken and pig breeds
have an increased potential in the future because of their unique characteristics in adapting to
climate change [85]. Ruminants are crucial in pastoral and subsistence production as a main
source of food in areas that cannot sustain crop production due to long period of droughts and
water scarcity (e.g., [52]). Thus, while there is a need for more research on monogastrics,
ruminant production will remain important under a changing climate in areas where pig and
poultry farming might become impossible.
The Need for More Quantitative Research Including Yield Impact Models
There is a research gap on quantitative approaches in assessing climate change impacts and
adaptation in livestock systems, and predicting the future of the livestock sector under
different climate change scenarios. Only a few studies (mainly from developed countries)
provide primary evidence of impacts of climate change using relevant quantitative analysis,
vulnerability, and adaptations contexts (e.g., [86,87]). For example, as most adaptation incurs
costs, publications could have covered quantitative analysis of the relative costs and benefits
of potential adaptation strategies, but instead, very limited information was found (e.g.,
[5,78]). In developing countries, however, the reason for relatively few quantitative studies
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might be the complexities of socio-demographic and economic factors, and the lack of longterm and reliable data in these areas. This may further reflect some key constraints in
adaptation, such as the lack of capacities and capital [17,88], and the relatively lower quality
of climate information and communications [81,89]. This is of particular concern given the
identified evidence that strongly suggests that climate change impacts will be more severe in
these developing countries, where smallholders and poor livestock keepers are likely to be
found [90]. Moreover, simulations and experimentation of livestock physiology and its
potential to reduce the impacts are lacking. With the diversity of livestock systems, more
impact assessment studies are also needed which consider direct quantification of productivity
losses, including yield, vis-à-vis livestock species and production systems. While there is
already some evidence on how climate change affects livestock yield (meat and milk)
[15,30,56,72,73], we found gaps in the systematic understanding of how and by how much
the yield is reduced in different livestock management systems.
3.5.3 Limitations
The systematic literature review excluded non-English documents and publications other than
peer-reviewed articles, such as grey literature. These exclusions may have led to a selection
bias and, therefore, an underestimation of the overall climate-related impact on livestock
systems. However, the overall conclusions from our review suggest similar findings across
the identified publications. Therefore, we believe the review is valuable in corroborating
evidence. The exclusion of mitigation and issues relating to livestock contributing to climate
change may have led to an overestimation of the importance of adaptation and we might have
lost sight of the overall context in which livestock sector will develop in the future.
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3.6

Conclusions

Livestock production remains one of the world most important quandaries. On the one hand
there is an ever-increasing demand for animal-based products, and on the other hand the
impact on climate change on livestock production, particularly in developing regions, and the
negative contribution of livestock to a changing climate. The livestock sector has to become
more sustainable while adapting to climate change and at the same time meeting the demands
of the growing population for animal-based products. There are substantial research gaps in
how livestock is impacted by climate change and how farmers and systems adapt, particularly
at the impact and adaptation nexus. We provided results of a systematic literature review and
revealed five research gaps, which when addressed can draw out policies and practices to
support livestock-keepers in adapting to climate change more effectively. An important
implication of our review is if the magnitude of climate change impacts is not known, the
capacity to respond or adapt will be underestimated. More detailed adaptation research is
needed, such as developing more adaptation options from various levels to inform local,
national, and regional policy impacts. Adaptation will be planned and appropriated
accordingly to livestock, provided such evidence is established. Likewise, with adaptation,
livestock can ascertain its role in achieving food security under climate change.

3.7

References
1. Thornton, P.K. Livestock production: Recent trends, future prospects. Philos. Trans.
R. Soc. B Biol. Sci. 2010, 365, 2853–2867.
2. Delgado, C.L. Rising consumption of meat and milk in developing countries has
created a new food revolution. J. Nutr. 2003, 133, 3907s–3910s.

92

CHAPTER 3

3. FAO. The Impacts of Disasters on Agriculture and Food Security. The Food and
Agriculture Organisation of the United Nations, 2015. Available online:
http://www.fao.org/3/a-i5128e.pdf (accessed on 14 September 2017).
4. FAO. Food and Agriculture: Key to Achieving the 2030 Agenda for Sustainable
Development. The Food and Agriculture Organisation of the United Nations, 2016.
Available online: http://www.fao.org/documents/card/en/c/d569c955-8237-42bf-813e5adf0c4241b9/ (accessed on 20 September 2017).
5. Weindl, I.; Hermann, L.C.; Alexander, P.; Christoph, M.; Petr, H.; Mario, H.;
Christoph, S.; Susanne, R. Livestock in a changing climate: Production system
transitions as an adaptation strategy for agriculture. Environ. Res. Lett. 2015, 10,
094021.
6. Bett, B.K.; Gachohi, J.; Sindato, C.; Mbotha, D.; Robinson, T.; Lindahl, J.; Grace, D.
Effects of climate change on the occurrence and distribution of livestock diseases.
Prev. Vet. Med. 2017, 137, 119–129.
7. Morignat, E.; Perrin, J.B.; Gay, E.; Vinard, J.L.; Calavas, D.; Hénaux, V. Assessment
of the impact of the 2003 and 2006 heat waves on cattle mortality in France. PLoS
ONE 2014, 9, e93176.
8. Giridhar, K.; Samireddypalle, A. Impact of climate change on forage availability for
livestock. In Climate Change Impact on Livestock: Adaptation and Mitigation;
Springer: Berlin, Germany, 2015; pp. 97–112.
9. World Bank. Povcalnet: The On-Line Tool for Poverty Measurement. Development
Research

Group

of

the

World

Bank,

2015.

Available

online:

http://iresearch.worldbank.org/PovcalNet/index.htm?1 (accessed on 14 September
2017).
10. Prasad, C.S.; Sejian, V. Climate change impact on livestock sector: Visioning 2025. In
Climate Change Impact on Livestock: Adaptation and Mitigation; Springer: Berlin,
Germany, 2015; pp. 479–489.
93

Livestock under climate change: a systematic review of impacts and adaptation

11. Descheemaeker, K.; Oosting, S.J.; Homann-Kee Tui, S.; Masikati, P.; Falconnier,
G.N.; Giller, K.E. Climate change adaptation and mitigation in smallholder crop–
livestock systems in Sub-Saharan Africa: A call for integrated impact assessments.
Reg. Environ. Chang. 2016, 16, 2331–2343.
12. Seo, S.N.; Mendelsohn, R.; Dinar, A.; Kurukulasuriya, P. Adapting to climate change
mosaically: An analysis of African livestock management by agro-ecological zones.
BE J. Econ. Anal. Policy 2009, 9.
13. Thornton, P.K.; Gerber, P.J. Climate change and the growth of the livestock sector in
developing countries. Mitig. Adapt. Strateg. Glob. Chang. 2010, 15, 169–184.
14. Seo, S.N.; McCarl, B.A.; Mendelsohn, R. From beef cattle to sheep under global
warming? An analysis of adaptation by livestock species choice in South America.
Ecol. Econ. 2010, 69, 2486–2494.
15. Rust, J.M.; Rust, T. Climate change and livestock production: A review with emphasis
on Africa. S. Afr. J. Anim. Sci. 2013, 43, 256–267.
16. Thornton, P.K.; Herrero, M. Climate change adaptation in mixed crop -livestock
systems in developing countries. Glob. Food Secur. -Agric. Policy Econ. Environ.
2014, 3, 99–107.
17. Herrero, M.; Wirsenius, S.; Henderson, B.; Rigolot, C.; Thornton, P.K.; Havlík, P.; De
Boer, I.; Gerber, P.J. Livestock and the environment: What have we learned in the past
decade? Annu. Rev. Environ. Resour. 2015, 40, 177–202.
18. Porter, J.R.; Xie, L.; Challinor, A.J.; Cochrane, K.; Howden, S.M.; Iqbal, M.M.;
Lobell, D.B.; Travasso, M.I. Food security and food production systems. In Climate
Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral
Aspects; IPCC AR5 WGI; Cambridge University Press: Cambridge, UK, 2014;
Chapter 7; pp. 485–533.

94

CHAPTER 3

19. Herrero, M.; Thornton, P.K. Livestock and global change: Emerging issues for
sustainable food systems. Proc. Natl. Acad. Sci. USA 2013, 110, 20878–20881.
20. Pica-Ciamarra, U.; Baker, D.; Morgan, N.; Zezza, A.; Azzarri, C.; Ly, C.; Nsiima, L.;
Nouala, S.; Okello, P.; Sserugga, J. Investing in the Livestock Sector: Why Good
Numbers Matter, a Sourcebook for Decision Makers on How to Improve Livestock
Data; FAO: Rome, Italy, 2014.
21. Robinson, T.P.; Wint, G.R.W.; Conchedda, G.; Van Boeckel, T.P.; Ercoli, V.;
Palamara, E.; Cinardi, G.; D’Aietti, L.; Hay, S.I.; Gilbert, M. Mapping the global
distribution of livestock. PLoS ONE 2014, 9, e96084.
22. Steinfeld, H.; Wassenaar, T.; Jutzi, S. Livestock production systems in developing
countries: Status, drivers, trends. Rev. Sci. Technol. 2006, 25, 505–516.
23. Thornton, P.K.; van de Steeg, J.; Notenbaert, A.; Herrero, M. The impacts of climate
change on livestock and livestock systems in developing countries: A review of what
we know and what we need to know. Agric. Syst. 2009, 101, 113–127.
24. Gandini, G.C.; Villa, E. Analysis of the cultural value of local livestock breeds: A
methodology. J. Anim. Breed. Genet. 2003, 120, 1–11.
25. Upton, M. The Role of Livestock in Economic Development and Poverty Reduction.
Food and Agriculture Organization of the United Nations (FAO), 2004. Available
online:

http://www.fao.org/docrep/015/i2744e/i2744e00.pdf

(accessed

on

15

September 2017).
26. Nardone, A.R.; Ronchi, B.; Lacetera, N.; Ranieri, M.S.; Bernabucci, U. Effects of
climate changes on animal production and sustainability of livestock systems. Livest.
Sci. 2010, 130, 57–69.
27. Rojas-Downing, M.M.; Nejadhashemi, A.P.; Harrigan, T.; Woznicki, S.A. Climate
change and livestock: Impacts, adaptation, and mitigation. Clim. Risk Manag. 2017,
16, 145–163.
95

Livestock under climate change: a systematic review of impacts and adaptation

28. Herrero, M.; Addison, J.; Bedelian, C.; Carabine, E.; Havlik, P.; Henderson, B.; Van
De Steeg, J.; Thornton, P.K. Climate change and pastoralism: Impacts, consequences
and adaptation. OIE Rev. Sci. Tech. 2016, 35, 417–433.
29. Leister, A.M.; Paarlberg, P.L.; Lee, J.G. Dynamic effects of drought on U.S. Crop and
livestock sectors. J. Agric. Appl. Econ. 2015, 47, 261–284.
30. Lunt, I.D.; Jansen, A.; Binns, D.L. Effects of flood timing and livestock grazing on
exotic annual plants in riverine floodplains. J. Appl. Ecol. 2012, 49, 1131–1139.
31. Polley, H.W.; Briske, D.D.; Morgan, J.A.; Wolter, K.; Bailey, D.W.; Brown, J.R.
Climate change and north american rangelands: Trends, projections, and implications.
Rangel. Ecol. Manag. 2013, 66, 493–511.
32. Mulrow, C.D. Rationale for systematic reviews. BMJ Br. Med. J. 1994, 309, 597.
33. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.A.;
Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D. The prisma statement for
reporting systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: Explanation and elaboration. BMJ 2009, 339.
34. Crane, T.A.; Delaney, A.; Tamás, P.A.; Chesterman, S.; Ericksen, P. A systematic
review of local vulnerability to climate change in developing country agriculture.
Wiley Interdiscip. Rev. Clim. Chang. 2017, 8, e464.
35. Phalkey, R.K.; Aranda-Jan, C.; Marx, S.; Höfle, B.; Sauerborn, R. Systematic review
of current efforts to quantify the impacts of climate change on undernutrition. Proc.
Natl. Acad. Sci. USA 2015, 112, E4522–E4529.
36. Horsley, T.; Dingwall, O.; Tetzlaff, J.M.; Sampson, M. Checking reference lists to
find additional studies for systematic reviews. Cochrane Database Syst. Rev. 2009.

96

CHAPTER 3

37. Bazeley, P. Qualitative Data Analysis with Nvivo, 2nd ed.; Bazeley, P., Jackson, K.,
Eds.; SAGE: London, UK, 2013.
38. Pope, C.; Mays, N.; Popay, J. Synthesising Qualitative and Quantitative Health
Evidence: A Guide to Methods; McGraw-Hill Education: London, UK, 2007.
39. Dixon-Woods, M.; Agarwal, S.; Young, B.; Jones, D.; Sutton, A. Integrative
Approaches to Qualitative and Quantitative Evidence; Health Development Agency:
London, UK, 2004.
40. Robinson, T.P.; Thornton, P.K.; Franceschini, G.; Kruska, R.; Chiozza, F.;
Notenbaert, A.M.; Cecchi, G.; Herrero, M.; Epprecht, M.; Fritz, S. Global Livestock
Production Systems; FAO: Rome, Italy; ILRI: Nairobi, Kenya, 2011.
41. Gethings, O.J.; Rose, H.; Mitchell, S.; Van Dijk, J.; Morgan, E.R. Asynchrony in host
and parasite phenology may decrease disease risk in livestock under climate warming:
Nematodirus battus in lambs as a case study. Parasitology 2015, 142, 1306–1317.
42. Van Dijk, J.S.; Sargison, N.D.; Kenyon, F.; Skuce, P.J. Climate change and infectious
disease: Helminthological challenges to farmed ruminants in temperate regions.
Animal 2010, 4, 377–392.
43. Verschave, S.H.; Charlier, J.; Rose, H.; Claerebout, E.; Morgan, E.R. Cattle and
nematodes under global change: Transmission models as an ally. Trends Parasitol.
2016, 32, 724–738.
44. Ahmed, F.A.; Al-Amin, A.Q.; Alam, G.M.; Hassan, C.H. Climate change concern to
cattle feed in Bangladesh. J. Anim. Vet. Adv. 2012, 11, 1946–1953.
45. Craine, J.M.; Andrew, J.; Olson, K.C.; Tolleson, D. Climate change and cattle
nutritional stress. Glob. Chang. Biol. 2010, 16, 2901–2911.

97

Livestock under climate change: a systematic review of impacts and adaptation

46. Sautier, M.M.; Martin-Clouaire, R.; Faivre, R.; Duru, M. Assessing climatic exposure
of grassland-based livestock systems with seasonal-scale indicators. Clim. Chang.
2013, 120, 341–355.
47. Wheeler, T.R.; Reynolds, C. Predicting the risks from climate change to forage and
crop production for animal feed. Anim. Front. 2013, 1, 36–41.
48. Kates, R.W.; Travis, W.R.; Wilbanks, T.J. Transformational adaptation when
incremental adaptations to climate change are insufficient. Proc. Natl. Acad. Sci. USA
2012, 109, 7156–7161.
49. Punsalmaa, B.B.; Buyndalai, B.; Nyamsuren, B. Adaptation measures to climate
change in the Mongolian livestock sector. In Climate Adaptation Futures; John Wiley
& Sons: Hoboken, NJ, USA, 2013; pp. 279–283.
50. Wako, G.T.; Tadesse, M.; Angassa, A. Camel management as an adaptive strategy to
climate change by pastoralists in Southern Ethiopia. Ecol. Process. 2017, 6.
51. Mu, J.E.; Bruce, A.; Wein, A.M. Adaptation to climate change: Changes in farmland
use and stocking rate in the U.S. Mitig. Adapt. Strateg. Glob. Chang. 2013, 18, 713–
730.
52. Maiti, S.J.; Jha, S.K.; Garai, S.; Nag, A.; Chakravarty, R.; Kadian, K.S.; Chandel,
B.S.; Datta, K.K.; Upadhayay, R.C. Adapting to climate change: Traditional coping
mechanism followed by the Brokpa pastoral nomads of Arunachal Pradesh, India.
Indian J. Tradit. Knowl. 2014, 13, 752–761.
53. Mirza, M.M. Climate change and extreme weather events: Can developing countries
adapt? Clim. Policy 2003, 3, 233–248.
54. Derner, J.B.; Briske, D.; Reeves, M.; Brown-Brandl, T.; Meehan, M.; Blumenthal, D.;
Travis, W.; Augustine, D.; Wilmer, H.; Scasta, D.; et al. Vulnerability of grazing and
confined livestock in the Northern Great Plains to projected mid- and late-twenty-first
century climate. Clim. Chang. 2017, 1–14.
98

CHAPTER 3

55. McKeon, G.M.; Stone, G. S.; Syktus, J.I.; Carter, J.O.; Flood, N.R.; Ahrens, D.G.;
Bruget, D.N.; Chilcott, C.R.; Cobon, D.H.; Cowley, R.A.; et al. Climate change
impacts on Northern Australian rangeland livestock carrying capacity: A review of
issues. Rangel. J. 2009, 31, 1–29.
56. Ghahramani, A.M.; Moore, A.D. Climate change and Broadacre livestock production
across Southern Australia. 2. Adaptation options via grassland management. Crop
Pasture Sci. 2013, 64, 615–630.
57. Forman, S.; Hungerford, N.; Yamakawa, M.; Yanase, T.; Tsai, H.J.; Joo, Y.S.; Yang,
D.K.; Nha, J.J. Climate change impacts and risks for animal health in Asia. Rev. Sci.
Tech.-Off. Int. Epizoot. 2008, 27, 581–597.
58. Özkan, Ş.; Vitali, A.; Lacetera, N.; Amon, B.; Bannink, A.; Bartley, D.J.; BlancoPenedo, I.; de Haas, Y.; Dufrasne, I.; Elliott, J.; et al. Challenges and priorities for
modelling livestock health and pathogens in the context of climate change. Environ.
Res. 2016, 151, 130–144.
59. Gilbert, M.; Slingenbergh, J.; Xiao, X. Climate change and avian influenza. OIE Rev.
Sci. Tech. 2008, 27, 459–466.
60. West, J.W. Effects of heat-stress on production in dairy cattle. J. Dairy Sci. 2003, 86,
2131–2144.
61. Skuce, P.J.M.; Morgan, E.R.; van Dijk, J.; Mitchell, M. Animal health aspects of
adaptation to climate change: Beating the heat and parasites in a warming Europe.
Anim. Int. J. Anim. Biosci. 2013, 7, 333–345.
62. Oyekale, A.S. Impacts of climate change on livestock husbandry and adaptation
options in the arid Sahel belt of West Africa: Evidence from a baseline survey. Asian
J. Anim. Vet. Adv. 2014, 9, 13–26.

99

Livestock under climate change: a systematic review of impacts and adaptation

63. Martin, R.; Muller, B.; Linstädter, A.; Frank, K. How much climate change can
pastoral livelihoods tolerate? Modelling rangeland use and evaluating risk. Glob.
Environ. Chang. 2014, 24, 183–192.
64. Huho, J.M.N.; Ngaira, J.K.W. Pastoralism and the changing climate in the arid
Northern Kenya. In Livestock: Rearing, Farming Practices and Diseases; Nova
Science Publishers, Inc.: Hauppauge, NY, USA, 2011; pp. 1–16.
65. Kuczynski, T.; Blanes-Vidal, V.; Li, B.; Gates, R.S.; de Alencar Nääs, I.; Moura, D.J.;
Berckmans, D.; Banhazi, T.M. Impact of global climate change on the health, welfare
and productivity of intensively housed livestock. Int. J. Agric. Biol. Eng. 2011, 4.
66. Martinsohn, M.; Hansen, H. The impact of climate change on the economics of dairy
farming—A review and evaluation. German J. Agric. Econ. 2012, 61, 80–95.
67. Ai-Amin, A.Q.; Alam, G.M. The impacts of climate change on animal health and
economy: A way forward for policy option. Asian J. Anim. Vet. Adv. 2011, 6, 1061–
1068.
68. Hansen, P.J. Heat stress and climate change. In Comprehensive Biotechnology, 2nd
ed.; Elsevier: Amsterdam, The Netherlands, 2011; Volume 4, pp. 477–485.
69. Liu, Z.; Ezernieks, V.; Wang, J.; Arachchillage, N.W.; Garner, J.B.; Wales, W.J.;
Cocks, B.G.; Rochfort, S. Heat stress in dairy cattle alters lipid composition of milk.
Sci. Rep. 2017, 7, 961.
70. Kadzere, C.T.; Murphy, M.R.; Silanikove, N.; Maltz, E. Heat stress in lactating dairy
cows: A review. Livest. Prod. Sci. 2002, 77, 59–91.
71. Joshi, S.J.; Jasra, W.A.; Ismail, M.; Shrestha, R.M.; Yi, S.L.; Wu, N. Herders’
perceptions of and responses to climate change in Northern Pakistan. Environ. Manag.
2013, 52, 639–648.

100

CHAPTER 3

72. Gaughan, J.; Cawdell-Smith, A.J. Impact of climate change on livestock production
and reproduction. In Climate Change Impact on Livestock: Adaptation and Mitigation;
Springer: New Delhi, Indian, 2015; pp. 51–60.
73. Hristov, A.N.; Degaetano, A.T.; Rotz, C.A.; Hoberg, E.; Skinner, R.H.; Felix, T.; Li,
H.; Patterson, P.H.; Roth, G.; Hall, M.; et al. Climate change effects on livestock in
the northeast us and strategies for adaptation. Clim. Chang. 2017, 1–13.
74. Salama, A.A.; Caja, G.; Hamzaoui, S.; Badaoui, B.; Castro-Costa, A.; Façanha,
D.A.E.; Guilhermino, M.M.; Bozzi, R. Different levels of response to heat stress in
dairy goats. Small Rumin. Res. 2014, 121, 73–79.
75. Magrin, G.; Marengo, J.; Boulanger, J.; Buckeridge, M.; Castellanos, E.; Poveda, G.
Central and South America in Climate Change 2014: Impacts, Adaptation, and
Vulnerability, Part B: Regional Aspects; Contribution of Working Group II to the
Fifth Assessment Report of the Intergovernmental Panel of Climate Change;
Cambridge University Press: Cambridge, UK, 2014; pp. 1499–1566.
76. Hijioka, Y.; Lin, E.; Pereira, J.; Corlett, R.; Cui, X.; Insarov, G.; Lasco, R.; Lindgren,
E.; Surjan, A. Climate Change 2014: Impacts, Adaptation, and Vulnerability, Part B:
Regional Aspects; Contribution of Working Group II to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change; Cambridge University Press:
Cambridge, UK, 2014; pp. 1327–1370.
77. Nurse, L.A.; McLean, R.F.; Agard, J.; Briguglio, L.P.; Duvat-Magnan, V.; Pelesikoti,
N.; Tompkins, E.; Webb, A. Small islands. In Climate Change 2014: Impacts,
Adaptation and Vulnerability, Part B: Regional Aspects, Chapter 29 (Small Islands);
Contribution of Working Group II to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change; Cambridge University Press:
Cambridge, UK, 2014; pp. 1613–1654.
78. Thamo, T.A.; Addai, D.; Pannell, D.J.; Robertson, M.J.; Thomas, D.T.; Young, J.M.
Climate change impacts and farm-level adaptation: Economic analysis of a mixed
cropping–livestock system. Agric. Syst. 2017, 150, 99–108.
101

Livestock under climate change: a systematic review of impacts and adaptation

79. Reed, M.S.; Podesta, G.; Fazey, I.; Geeson, N.; Hessel, R.; Hubacek, K.; Letson, D.;
Nainggolan, D.; Prell, C.; Rickenbach, M.G.; et al. Combining analytical frameworks
to assess livelihood vulnerability to climate change and analyse adaptation options.
Ecol. Econ. 2013, 94, 66–77.
80. Reidsma, P.; Wolf, J.; Kanellopoulos, A.; Schaap, B.F.; Mandryk, M.; Verhagen, J.;
van Ittersum, M.K. Climate change impact and adaptation research requires farming
systems analysis and integrated assessment: A case study in the netherlands. Procedia
Environ. Sci. 2015, 29, 286–287.
81. Eriksen, S.H.; O’Brien, K. Vulnerability, poverty and the need for sustainable
adaptation measures. Clim. Policy 2007, 7, 337–352. [Google Scholar] [CrossRef]
82. Thornton, P.K.; Herrero, M. Adapting to climate change in the mixed crop and
livestock farming systems in Sub-Saharan Africa. Nat. Clim. Chang. 2015, 5, 830.
83. Tarawali, S.; Herrero, M.; Descheemaeker, K.; Grings, E.; Blümmel, M. Pathways for
sustainable development of mixed crop livestock systems: Taking a livestock and propoor approach. Livest. Sci. 2011, 139, 11–21.
84. Halimani, T.E.; Muchadeyi, F.C.; Chimonyo, M.; Dzama, K. Opportunities for
conservation and utilisation of local pig breeds in low-input production systems in
Zimbabwe and South Africa. Trop. Anim. Health Prod. 2012, 45, 81–90.
85. Kantanen, J.; Løvendahl, P.; Strandberg, E.; Eythorsdottir, E.; Li, M.-H.; KettunenPræbel, A.; Berg, P.; Meuwissen, T. Utilization of farm animal genetic resources in a
changing agro-ecological environment in the Nordic countries. Front. Genet. 2015, 6,
52.
86. Cox, M.G.; Gardner, W.C.; Fraser, L.H. A survey-based assessment of cattle
producers’ adaptation to climate change in British Columbia, Canada. Rangel. Ecol.
Manag. 2015, 68, 119–130.

102

CHAPTER 3

87. Harrison, M.T.; Cullen, B.R.; Armstrong, D. Management options for dairy farms
under climate change: Effects of intensification, adaptation and simplification on
pastures, milk production and profitability. Agric. Syst. 2017, 155, 19–32.
88. Chingala, G.M.; Mapiye, C.; Raffrenato, E.; Hoffman, L.; Dzama, K. Determinants of
smallholder farmers’ perceptions of impact of climate change on beef production in
malawi. Clim. Chang. 2017, 142, 129–141.
89. Adger, N.; Saleemul, H.; Katrina, B.; Declan, C.; Mike, H. Adaptation to climate
change in the developing world. Prog. Dev. Stud. 2003, 3, 179–195.
90. Morton, J.F. The impact of climate change on smallholder and subsistence agriculture.
Proc. Natl. Acad. Sci. USA 2007, 104, 19680–19685.

103

CHAPTER 4
UNDERSTANDING CLIMATE CHANGE IMPACTS ON WATER
BUFFALO PRODUCTION THROUGH FARMERS’ PERCEPTIONS

Escarcha, J. F., Lassa, J. A., Palacpac, E. P., & Zander, K. K. (2018).
Understanding climate change impacts on water buffalo production
through farmers’ perceptions. Climate Risk Management, 20, 50-63.

104

CHAPTER 4

4.1

Chapter Highlights
•

Smallholder water buffalo farmers in the Philippines are highly aware of climate
change impacts to their animals.

•

Farmers’ perceptions of climate risks depend on the level of past experience with
extreme weather events.

•

Adaptations are primarily driven by economic incentives to sustain their incomes.

•

Farmers shift from crop to livestock production to reduce impacts and recover from
crop failures.

•

Our study contributes to the development of well-targeted local adaptation plans and
policies in the water buffalo sector.

4.2

Abstract

Climate variability and change will increasingly harm crop and livestock systems worldwide.
Evidence of climate change impacts are largely documented for crops with much less
information for livestock. In this study we assessed smallholders’ risk perceptions of climate
change impacts on water buffalo production systems in Nueva Ecija, Philippines. Results
from a household survey with 310 water buffalo farmers revealed that they are highly aware
of climate change to which they ascribed to an increasing frequency of extreme events such as
extreme rainfall, floods, typhoons and extreme heat. Perceptions of climate change risks
strongly depended on the level of exposure and vulnerability to these extreme events. Feed
availability and animal health were identified as the production aspects most severely affected
by the multiple weather extremes, posing productivity risks and compelling farmers to adapt.
Adaptation measures in the study area have been spontaneous and based on economic drivers
rather than planned. These measures included biophysical and farm operational adjustments
such as relocation of animals, adjusting forage planting times, use of crop residues, and
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shifting from rice cropping to buffalo dairying after recurring rice harvest failures. We
suggest that there is a need for development of specific and longer-term adaptation measures
that are planned to fit the water buffalo sector.
4.3

Introduction

Global population increase and changing consumption patterns have already led to a growing
demand for high-value animal protein and will continue to do so (Thornton, 2010, Herrero et
al., 2015). To meet this demand means both an opportunity and a challenge to sustain the
livelihoods of more than one billion livestock keepers’ worldwide under climate change.
Increasingly climate change impacts on crops and livestock systems have been more negative
than positive (Porter et al., 2014), with livestock almost as likely as crops to be highly
affected by climatic change (FAO, 2015). The effects of climate change on livestock
production systems pose serious risks to global food security. According to IPCC Fifth
Assessment Report (AR5), climate change without adaptation will exacerbate its negative
impacts on production, particularly in some tropical developing countries (Porter et al., 2014).
Understanding climate change impacts at the local level is particularly important for farmers
in developing nations because they depend so heavily on the climate-sensitive agriculture
sector for their livelihoods (Thornton, 2010) and because of the complex role agriculture
plays in their socio-economic systems (Morton, 2007). Many of these farmers are living in
areas of high risk from the impacts of extreme weather events and have limited capacities to
respond to these impacts (Nath and Behera, 2011, Godber and Wall, 2014). Some studies
have documented effects of climate change and adaptation on livestock systems in several
agricultural regions (Nardone et al., 2010, Thornton and Herrero, 2014, Weindl et al., 2015,
Rojas-Downing et al., 2017). However, compared with crops, there has been little research on
the potential impacts of climate change on livestock (Porter et al., 2014). More so, research on
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livestock in Asia in general is often neglected in agricultural research (Thornton et al., 2009,
Musemwa et al., 2012).
The Philippines is one of the countries most vulnerable to climate change because of recurring
extreme weather events such as typhoons (cyclones), flooding, and drought (Yumul et al.,
2011, Kreft et al., 2014, USAID, 2017). Vulnerability is high because half of the country’s
population of around 100 million people (PSA, 2016c) depend on agriculture, a sector which
has seen substantial damage from extreme weather events. Between 2006 and 2013, climate
change caused $3.8 billion in accumulated damage and losses to the agriculture sector (IFPRI,
2015). By 2100 it is estimated that climate impacts will be responsible for a reduction of 2.2
percent of the country’s annual GDP (USAID, 2017). The crop subsector has faced the
highest economic losses, followed by fisheries and livestock. As a result, there has been a
decline in production of crops (3.4%) and fisheries (4.2%). The livestock and poultry sectors,
however, grew by 6% in 2016 (PSA, 2016d). The government has therefore aimed to boost
livestock production as a means of countering the effects of climate change, with the
assumption that livestock are less vulnerable to the effects of extreme weather events (Padin,
2016) because animals can be moved to safe environments, and provided with supplemental
feed (Rust & Rust, 2013).
One of the most important livestock commodities in the Philippines are water buffalo, which
are known to be robust and adaptable to harsh conditions (Cruz, 2007). There are 2.89 million
heads of water buffalo (locally known as ‘carabao’) in the country, almost entirely (99%) kept
in smallholder systems. Water buffalo generate significant income from meat (around
US$214.7 million p.a.) and milk production (around US$174.4 million p.a.) and are also
valuable as a source of draft power in crop cultivation (valued at around US$6.45 million p.a.)
(PSA, 2016a). Most literature on climate change impacts on livestock has focused on cattle.
The few studies on water buffalo have dealt with impacts and adaptation to climate change
107

Understanding climate change impacts on water buffalo production through farmers’ perceptions

related heat stress on breeding and health (Yadav et al., 2016), physiological functions
(Bernabucci et al., 2010) and milk production (Upadhyay et al., 2010, Kumar et al., 2015).
Given the importance of water buffalo to smallholders and the assumption that they can
withstand climate change better than crops, understanding how farmers perceive climate
change impacts on production will help determine the extent to which the sector still needs to
adapt to cope with impending change. Such research in the Philippines is very scarce, and
understanding farmers’ perceptions of climate change impacts on water buffalo production
may provide insights into the factors that enable or constrain them in implementing adaptation
measures. In general, animal husbandry in developing countries is particularly sensitive to
changes in climate as it is highly dependent on pasture and crop residues for animal fodder.
Potential adaptation may be occurring at the farm-level, but more observational evidence is
needed.
Farmers’ behavior and intentions to adopt adaptation measures is shaped more by their
perceptions of climate change and climate risk than by the actual climate patterns (Weber,
2010, Bohensky et al., 2016, Nguyen et al., 2016). Understanding perceptions can be useful in
conjunction with scientific knowledge systems and communicating environmental and
climate change related policies (Arunrat et al., 2017, Burnham and Ma, 2017). Furthermore,
climate risk perceptions can serve as predictors of future adaptation strategies and options
(Mercado, 2016, Mase et al., 2017).
Based on this background, this study aims to understand 1) how farmers perceive climate
change risks and impacts on their water buffalo production systems, and 2) how these risk
perceptions inform farmers’ decisions to make changes to their production systems to respond
and adapt to climate change.
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4.4

Methods

4.4.1 Conceptual framework
We developed a conceptual framework (Figure 4-1) synthesizing literature from climate
change impacts and adaptation research on livestock production systems (Devendra, 2007,
Thornton et al., 2009, Herrero et al., 2015). While the viability of production systems can be
affected by exposure of animals to climate change (Nardone et al., 2010) by compromising
their biological function or, for example, reducing the quality and quantity of feed (Rust and
Rust, 2013, Porter et al., 2014), the framework draws on the idea that the impacts of climate
change can best be determined from people’s perceptions, that risks are socially constructed,
that attitudes and motivations change, and that coping strategies people are constrained to
those that people are capable of adopting (Takala, 1991, Hidalgo and Pisano, 2010).
We defined perceptions as the views and interpretations of the climate change issues based on
beliefs, experiences and understanding (Wolf & Moser, 2011). In particular, we explored
farmers’ experiences to identify climate change impacts on water buffalo. Personal
experiences shape people’s perceptions (Myers et al., 2013, van der Linden, 2015) and it is
logical to assume that there is a close link between direct experiences and how people
perceive the impacts of climate change (Weber, 2010). People can perceive risks as feelings,
referring to the instinctive and intuitive reactions to danger (Slovic & Peters 2006). Given the
uncertainty of climate change, it is more efficient to rely on information from experienced
feelings that shape decision actions and behavior than to measure climate change itself
(Schwarz, 2001).
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Figure 4-1: Conceptual framework linking farmers' climate change risk perceptions, perceived impacts and
adaptation behaviour.

Many researchers have indicated that people relate climate change to their personal
experiences of increasing occurrences of extreme weather events and perceive these risks as
being associated with climate change (Bell, 2012, Carlton et al., 2016). Such experiences
include actual disaster experience, given the number of destructive typhoons passing through
the Philippines each year (Israel & Briones, 2012). The risk of potential climate change
impacts on animals makes the whole production system much more volatile, leaving farmers
uncertain about future income and in need for constant adaptation (Nardone et al., 2010).
Overall, we therefore focus on understanding possible adaptation responses to climate change
through a greater understanding of farmers’ experiences of what they perceive as climate
change and its associated impacts.
4.4.2 Study area
The study was carried out in the province of Nueva Ecija located at the eastern part of the
Central Luzon region (Figure 4-2; PSA, 2016d). It is a landlocked area of approximately
5500 km2 (30% of the region’s total) with a total population of 2.15 million (PSA, 2013).
Agriculture is the main industry because of naturally rich alluvial soils (Carating et al., 2014).
Almost half of the total land area is devoted to farming of which about 90% is cultivated with
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rice. This has made Nueva Ecija the biggest rice producer of the country (known as the
Philippine “rice bowl”; Santiago, 2015). However, while rice farming is considered the main
source of livelihood, farmers also grow vegetables between rice crops and keep livestock
(PSA, 2016b). Among the most important livestock are water buffalo which provide income
from milk production, draft power for ploughing, harrowing and carrying farm produce.

Figure 4-2: Map of the study area showing location and climate risk characterisation.

Central Luzon is one of the five main regions for water buffalo production with about 40% of
the country’s total buffalo population (PSA, 2016a). Within the region, we chose Nueva Ecija
as the study area for two reasons. First, large numbers of water buffalo are kept in the
province. As the designated National Impact Zone (NIZ) for water buffalo development in the
country, Nueva Ecija is home to many farmers’ cooperatives and to the Philippine Carabao
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Center (PCC) National Headquarters. There are 51 dairy cooperatives within this NIZ, with
more than 1000 smallholder farmers as members. These cooperatives are organized in the
Nueva Ecija Federation of Dairy Carabao Cooperatives (NEFEDCCO).
The second reason was that the province is highly exposed to floods, typhoons and other
climate-related extreme events. It is classified as a high-risk area (ranked 14th on the risk
scale among 81 provinces in the country) on the basis of the combined exposure to climate
disasters particularly typhoon, drought caused by El Niño, projected changes in rainfall and
temperature increase (see Figure 4-1). On average, there are seven typhoons crossing the
province per year, triggering floods, landslides and strong winds (Israel & Briones, 2012).
Nueva Ecija has also been particularly dry and hot in recent years (PAGASA, 2015).
4.4.3 Sampling and data collection procedure
In order to design the main survey, we first conducted open-ended interviews with key
informants. In total we interviewed ten chairs of farmer-cooperatives and ten government
officials and extension officers all of whom were purposively selected from across the whole
study area. The key informant interviews were undertaken between January and February
2016, followed by the main household survey from April to November 2016.
For the main survey we used a structured questionnaire which was administered through faceto-face interviews with the farm household heads. We selected participants from a list
provided by PCC containing all farmers within the NIZ (see ‘Study area’). Besides individual
farmers (who were most likely to be the heads of households), this list included names and
contact information of each association, and cooperative chairs. The majority (>90%) of water
buffalo farmers in the study area are organized members of NEFEDCCO and other network
groups established around the NIZ (Palacpac, 2010) and we are therefore confident that this
list covered most farmers in the research area. From this list, we randomly chose 310 farmers
who we approached to participate in the survey. The recruitment of survey participants was
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restricted to smallholder1 farms. The surveys were undertaken by the lead author in the local
language (Tagalog) and translated into English. One interview took approximately one hour
and ethics approval for the research was obtained from the Human Research Ethics
Committee at Charles Darwin University (H15084).
4.4.4 Questionnaire
The survey questionnaire consisted of five parts: 1) socio-demographic and water buffalo
farming system characteristics, 2) drivers of change and related farming and livelihood
constraints, 3) perceptions of general climate trends and weather patterns 4) perceptions of
impacts of climatic trends on water buffalo production systems, and 5) perceptions of overall
associated climate change risks on different water buffalo production aspects and potential
adaptation responses.
Perceptions data were gathered by asking respondents if they were aware of climate change
and had heard about the term ‘climate change’ with potential Yes/No answers. If they were
aware of climate change, they were asked about the perceived changes in climate patterns and
climate change-related extreme events with categorical answers (‘increasing’, ‘decreasing’,
‘no change’). We considered a recall period of ten years for the perceived changes (2005–
2015). This recall period generated more substantive responses from the pre-test respondents,
hence was assumed to be preferred by farmers. The importance of climate change in relation
to other stressors was ranked on a 5-point scale from 1 (not important at all) to 5 (extremely
important). Similarly, the overall impact on production systems was measured from 1 (no
impact at all) to 5 (extremely strong impact).

1

We adopted the definition of smallholder from the Philippine Statistics Authority (PSA), which are farms with
more than 20 head counts of animal (mixed age).
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Questions about farmers perceived impacts of climate change on water buffalo production
were asked for a range of relevant categories: 1) Feeds and feeding, 2) Animal health, 3)
Animal breeding, 4) Herd inventory, 5) Product quality and quantity, 6) Production cost, and
7) Logistics and marketing.
4.4.5 Data analysis
Descriptive statistics were used to see the patterns in the perceived changes in climate and
weather patterns, and to determine the proportion of farmers who perceived that they had
been affected by each of climatic parameters. Farmers’ perceptions of climate change and
variability were validated using KNMI Climate Explorer, a web application for highresolution paleoclimatology. We extracted the mean annual precipitation and temperature
trend data from Cabanatuan-Nueva Ecija climate station located within the sampling area
(Trouet & Van Oldenborgh, 2013). To establish the importance of climate change over other
non-climate related stressors to farmers’ livelihoods, ratings were analyzed using Friedman’s
test (K-related-samples test) followed by Wilcoxon signed-ranks test for pairwise post hoc
comparisons when appropriate.
Ordinal regression analysis was performed for determination of possible association of
farmers’ socio-economic characteristics and related attributes to the perceived extent of
impacts of climate change. The outcome variable captured responses on the perceived severity
of climate change impacts on overall production, an ordered variable coded as: 1 (Low
impact), 2 (Moderate impact) and 3 (Strong impact). The independent variables included
socio-demographics, farm and farming characteristics, and related institutional variables.
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4.5

Results

4.5.1 Sample characteristics
Of the total of 310 survey responses, 12 could not be used because they were incomplete,
resulting in 298 responses for data analysis. Table 4-1 presents the socio-demographic
characteristics of the sample households and their farms. The mean age of respondents was
49.8 (SD: 7.9). The respondents were relatively elderly with the mean agriculture experience
being 27.0 (SD: 9.7), and 12.5 (SD: 5.1) years in farming and water buffalo keeping,
respectively. The increasing age (average age of 57 years) of farmers in the Philippines is
becoming a concern (Elauria, 2015). Some studies have taken age as a proxy for farming
experience (Deressa et al., 2009) and, with more experience, we have assumed that farmers
were more likely to have perceived changes in climate (Bryan et al., 2013).
Most (85%) respondents were men, heading a household with an average of around five
members. The predominance of male participants was expected because we interviewed the
heads of households, who are usually men. Traditionally livestock keeping (water buffalo in
this case) in the Philippines is managed mainly by men because of the physical labor involved
(Lu, 2007). All respondents went to formal school with more than half (65%) have either
attended or finished high school. The province of Nueva Ecija is known to have a relatively
high literacy rate (PSA, 2013).
The mean farm size was 2.1 (SD: 0.9) hectares, and respondents kept, on average, about 8
head of water buffalo (mixed age). Grazing in either their own or nearby communal lands was
practiced by more than half of the respondents (68%). Almost half of the respondents had
access to irrigation (41%). Respondents predominantly pursued mixed crop-livestock
production (98%) and 68% of the farmers also kept other livestock types such as goats and
cattle. The most important crop, grown by 75% of respondents, was rice.
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Table 4-1: Summary statistics of sampled households and farm characteristics, N=298.

Variables

Mean ± SD or n (%)

Socio-demographic

49.8 ± 7.9

Age
Agriculture experience

27.0 ± 9.7

Water buffalo farming experience

12.5 ± 5.1

Number of household member

4.9 ± 1.2

Gender

254 (85.2)

Male

44 (14.8)

Female
Education, level
College/University

79 (26.5)

High School

195 (65.4)

Grade School

24 (8.1)

Land ownership

158 (53)

Owned

140 (47)

Otherwise (shared, leased)
Farm characteristics
Farm size (ha)

2.08 ± 0.9

Animal holdings (head)

7.6 ± 4.3

Farm type

121 (40.6)

Irrigated

177 (59.4)

Rain-fed
Livestock type

97 (32.6)

Water buffalo only

201 (67.4)

Mixed (+goat, cattle, etc.)
Crop component

223 (74.8)

Rice

75 (25.2)

Vegetables only
Grazing practice
Practicing (communal/own land)
Not grazing
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4.5.2 Perceptions of general climate change among other stressors
Nearly all respondents (99%) had heard about climate change. They perceived climate change
as the second most worrying driver of change after financial issues (Table 4-2). Other
problems of concern were declining interest in farming (3rd most important), increasing land
conversion to non-agricultural uses (4th), socio-cultural changes (5th) and migration (6th).
The difference in medians among and between the rankings is significant (p < 0.001). The
resulting Kendall’s coefficient of concordance value (55.2%) indicates that our respondents
strongly agree with each other on their ratings among the perceived level of stressors
encountered. In fact, results of the follow-up multiple comparisons of mean ranks revealed
that respondents agreed about all concerns (p < 0.001) except for one non-significant result of
differences (based on negative ranks) of ‘financial-climate change’ pairing.
Table 4-2: Friedman' tests result showing ranks on the level of concerns on stressors perceived by water
buffalo keepers.

a

Drivers of change and stressors

Mean

SD

Mean Ranka

Land conversion to non-agricultural uses

2.81

0.813

3.57

Migration

1.77

0.674

1.78

Socio-cultural changes

1.98

0.806

2.18

Markets and finances

3.59

0.735

4.83

Declining interest in farming

3.03

0.645

3.90

Climate change

3.52

0.673

4.74

Friedman Test

χ2 (5, N=298) =822.32, p<0.001

Kendall's W

0.552

The higher the mean rank of a stressor, the greater the level of concern as an issue

4.5.3 Perceptions of extreme weather events and changes in climate patterns
Farmers interpreted climate change through observed occurrences of extreme events such as
typhoons, floods, droughts, extreme rainfall, extreme heat and changing seasonal patterns.
Almost all respondents perceived an increase in the frequency and severity of typhoons,
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increases in extreme rainfall events and the number of dry summer days as part of a changing
climate (Fig. 4-3). Most respondents (about 90%) also perceived an increase in floods and
extreme heat. Droughts were perceived as increasing by about 75% of respondents with the
other 25% having noticed no change. The number of rainfall days during the wet season was
the only climate parameter for which farmers’ perceptions seemed to vary. The wet season
was perceived as becoming wetter (increasing number of rainy days) by about half of the
respondents (53%). Some farmers (29%) thought the wet season had become drier and some
did not perceive any changes (18%).

Figure 4-3: Farmers' perceptions of changes in climate over the past ten years, Nueva Ecija, Philippines, 2016.

4.5.4 Perceived impacts of extreme weather events on water buffalo production
Respondents observed that feeds and feeding were highly affected by drought (62%) and
shifting seasonal patterns (61%) (Fig. 4-4) while almost an equal proportion of respondents
considered animal health to be affected by typhoons (67%), flood occurrences (49%) and
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shifting seasons (45%). Notable health related concerns triggered by climatic stresses were
the presence of parasites and other infectious diseases. Farmers mentioned liver fluke
infection (fasciolosis) as associated with the flood season or if their animals were exposed to
irrigated rice farms and communal grazing areas. Some have been dealing with recurring
mastitis with a belief that too much heat stress to their caracows (mature female buffalo that
have given birth) could be the cause. Difficulties in breeding animals (decline of animals in
estrous and conception rate) were associated by farmers with shifting seasonal patterns (55%)
and during periods of drought (63%). Farmers recalled that, during the dry season, it was
harder to detect females that are ready to mate, resulting in low numbers of pregnancies.
About 80% of the respondents, 80% were milking their animals and extreme heat was
considered by many (73%) to affect milk quality. They noted reduced milk volume during hot
summer days and drought (55%) with frequent quality rejection upon point of sale. All the
extreme climatic parameters were listed as influencing overall production costs, with drought
mentioned most frequently (64%). Typhoons (67%) and flooding (49%) often affected
logistics (accessibility of roads) and/or marketing (distribution of produce). Farm activities
were also hampered. Respondents mentioned stronger typhoons wiped out crops and some
had lost animals tethered near rivers to flash floods.
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*Proportion exceeds 100% because respondents were affected by multiple climatic events.
Figure 4-4: Farmers perceptions of the effects of climate change on water buffalo production.

4.5.5 Determinants of farmers’ perceived climate change impacts
Nearly all respondents (98%) stated that their overall production system had been affected
negatively by climate change in the past decade. Results of the logistic regression analysis
showed that age (positive), farming experience (negative), farm size (negative) and number of
crop types (negative) had significant effects on farmer’s climate change perceptions (Table 43). Factors that did not have significant effects on climate change perceptions included
experience with water buffalo production, household size, gender, level of education, land
ownership, grazing practice, number of livestock types and the access to irrigation.
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Table 4-3: Results of logit models describing the relationship between socio-demographic and farm
characteristics and farmers' overall perceptions of climate change impacts.

Outcome variable
Threshold
[Overall perceived extent of climate
change impacts = 1]
[Overall perceived extent of climate
change impacts = 2]
Location
Socio-demographic characteristics
Age
Agriculture experience:
[Less than 20 years]
[More than 20 years]
Water buffalo experience:
[Less than 10 years]
[More than 10 years]
Household members
Gender; [Male]
Education
Land ownership
Farm characteristics
Grazing
Livestock type; [Mixed]
Farm type; [Irrigated]
Herd size:
[Less than 8 heads]
[More than 8 heads]
Farm size:
[Less than 2 ha]
[More than 2 ha]
Crop type:
[Rice only]
[Rice plus other vegetables]
Overall model evaluation:

Estimate

Odds ratio

Std. Error

Wald

p-value

-5.23

0.01

1.52

11.85

-2.87

0.06

1.50

3.65

1.25

3.48

0.37

11.49

<0.001**

-1.15
-0.53

0.31
0.58

0.43
0.30

7.02
3.14

<0.001**
0.07

-0.02
0.34
-0.38
0.38
-0.11
-0.00

0.97
1.41
0.67
1.46
0.89
0.99

0.32
0.32
0.27
0.32
0.29
0.27

0.00
1.14
1.97
1.38
0.15
0.00

0.93
0.28
0.16
0.24
0.69
0.99

-0.42
0.06
-0.21

0.65
1.06
0.80

0.25
0.24
0.27

2.85
0.06
0.63

0.09
0.79
0.42

0.57
0.41

1.77
1.50

0.32
0.32

3.07
1.62

0.08
0.20

-1.38
-1.06

0.25
0.34

0.68
0.47

4.03
5.06

0.04*
0.02*

-2.86
-2.67
χ2
39.89

0.05
0.06

1.27
5.04
1.31
4.11
2
p-value
R Nagelkerke
<0.001
15.3%

<0.001**
0.06

0.02*
0.04*

Link function: Logit.
Notes: reference category of the ordinal regressions model is extremely strong impact (3)
*, ** Significant at 5% and 1% level, respectively
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The potential linkage of perceived climate change impacts to different water buffalo
production attributes and access to related institutions was analysed separately (Table 4-4).
The livelihood contribution of water buffalo as a buffer and insurance were both significantly
and negatively associated with farmers’ perceptions of climate change impacts. The same
negative relationship was found for traction-draft utility of water buffalo. Farmers who relied
more on water buffalo as a primary income source perceived that their overall farming
livelihoods were more affected by climate change. Respondents with off-farm incomes, and
farmers who derived more products from milking and selling live animals, showed no
significant link to the way they perceived climate change risks.
Table 4-4: Results of logit models describing the potential associations between water buffalo production,
institutional attributes and farmers ‘overall perceptions of climate change impacts.

Outcome variable

Estimate

Odds ratio

Std. Error

Wald

p-value

0.41

2.73

1.01

0.16

0.68

2.79

2.77

1.02

7.49

<0.001**

Buffering: main livelihood function

-1.07

0.34

0.46

5.46

0.02*

Insurance: main livelihood function

-1.03

0.35

0.382

7.278

<0.001**

0.79

1.39

0.32

5.74

<0.01*

Household with off-farm income

0.15

1.30

0.26

0.33

0.56

Selling fresh milk

-0.05

1.42

0.35

0.02

0.88

Providing traction/draft services

-0.50

1.31

0.27

3.39

0.05*

Selling live animals

0.21

1.66

0.50

0.17

0.67

0.18

1.26

0.23

0.62

0.43

Threshold
[Overall perceived extent of climate
change impacts = 1]
[Overall perceived extent of climate
change impacts= 2]
Location
Water buffalo attributes

Primary source of income:
[Water buffalo]

Institutional link
Participant of carabao program
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Receiving adaptation support

-0.81

1.53

0.42

3.61

0.04*

With access to insurance

0.43

1.53

0.23

3.32

0.05*

With access to credit

-0.54

0.57

0.22

3.74

0.04*

With access to trainings and extension

0.75

1.28

0.24

9.20

<0.001*

With access to a wider market

0.01

1.49

0.39

0.00

0.96

[Government forecast]

-0.08

1.26

0.23

0.12

0.72

[Social media]

-0.30

1.26

0.23

1.70

0.19

Source of weather & climate info:

Overall model evaluation:

χ2

p-value

R2 (Nagelkerke)

63.59

<0.001

21.9%

Notes: reference category of the ordinal regressions model is extremely strong impact (3)
*, ** Significant at 5% and 1% level, respectively
Respondents who were receiving adaptation support and had good access to financial
assistance and credit were less likely to perceive climate change effects. However, positive
significant associations were seen for those who had access to insurance (crop or livestock)
and training and extension services. Access to a wider market and source of climate
information did not significantly affect farmers’ perceptions of climate change risks.
4.5.6 Water buffalo farmers’ adaptive responses
Nearly all farmers (98%) had adjusted their practices in response to changing climatic
conditions. Most had adjusted their management of farming resources and crop production
activities as defined by their mixed crop-livestock systems. Respondents considered water
buffalo production as a family farming endeavour in which most of the management decisions
were discussed with household members (92%), co-members in cooperatives (40%)
neighbouring farmers (38%), government (20%). Rarely did the household head make
decisions alone (8%).
Most farmers took biophysical and farm operational adaptive measures; they relocated
animals (86%), optimized the use of feeding resources like crop residues (e.g. rice straws)
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(99%) and adjusted the harvest/planting time of forage/grazing (99%). Few farmers took had
adapted using economic instruments: 21% had sought off-farm work, 15% had taken out
agricultural loans and 4% had reduced their food expenditures. Almost half of the farmers
(47%) increased water buffalo dairying while reducing crop production such as rice. As a
socio-cultural measure, praying to God was mentioned by 98% of farmers and changing the
attitude towards climate disasters (e.g. preparedness and being more mindful of climate
forecasts) by 95%. On the production side, farmers took measures to help their animals
perform well under the changing climate, such as providing water at all times and easy access
to “water pools” for animals to bathe in, planting forage in small backyard plots and reducing
the need for grazing during extreme wet and dry days.
4.6

Discussion

4.6.1 Perceived climate change and variability
It was not surprising to find that smallholder water buffalo farmers are concerned and strongly
aware of climate change and variability. However, understanding why they identify climate
change as one of their key drivers of change to their production systems and livelihoods is
complex, as climatic factors are closely linked to others, such as economics (O’Brien et al.,
2004) and sociocultural drivers (Mertz et al., 2009, McCubbin et al., 2015). Mertz et al.
(2009) has demonstrated that reasons for changes cannot be attributed solely to climate, but
climate may be one of the underlying causes of change. However, smallholder water buffalo
farmers in our study area regard climate as their main concern to their production system and
attribute the same weight to climate as to economic stressors (e.g. markets and finances).
Thus, we believe that it is highly important to explore their perceptions of specific climatic
parameters further as it could lead to a better understanding of vulnerability and actual
adaptation behaviours of farmers.

124

CHAPTER 4

Farmers could easily recall experiences associated with heavy damage to their production
systems, as also noted elsewhere (Alam et al., 2017, Cullen and Anderson, 2017, Dubey et al.,
2017). Older farmers are particularly able to associate production changes to climate change.
As has been reported in other local studies (Weber, 2010, Hou et al., 2012, Bohensky et al.,
2016, Nguyen et al., 2016, Dubey et al., 2017), farmers’ perceptions are informed by past
experience of disasters rather than by information on projected climate change scenarios. The
clarity of farmers’ interpretations of climate change are possibly strengthened by their
background. Almost all water buffalo farmers in the Philippines are members of cooperatives
who are beneficiaries of government supported extension programs (e.g. through PCC). Most
of them are likely to have been exposed to formal climate change narratives. This suggests
that their perceptions are possibly enhanced by climate change information (Deressa et al.,
2009) coupled with their experience of extreme weather events.
Overall, our findings support the notion that farmers are well aware of climate change and
variability at the local level, and that their perceptions are very accurate when compared to
records of frequency and severity of typhoons (Israel & Briones, 2012) and of actual trends of
precipitation and temperature (Trouet & Van Oldenborgh, 2013).
4.6.2 Perceptions of climate change impacts on water buffalo production
Knowing that water buffalo farmers are well aware of climate change and variability, we
explored the perceived risks to their production systems in more detail. The vulnerability of
buffalo to climate change has not been well documented, partly because the large population
present in Asia (95% of the global buffalo population; Deb et al., 2016) appears to have led to
the belief that they are highly adaptable to tropical hot and humid conditions. However, some
studies have emphasized key aspects of buffalo biology that may make them vulnerable to
climatic change, particularly extreme heat (Somparn et al., 2004, Vale, 2007, Upadhyay et al.,
2010).
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In our study farmers have developed an understanding of the risks of climatic change by
observing changes in their animals and their productivity. Farmers could confidently identify
climatic effects on animals by observing them, because, as stated by some farmers, “animals’
don’t lie”. They observe if animals are sick or heat stressed because “their poor body speaks
to them”. Farmers’ could also confidently tell which specific aspects of their production
systems are affected by climate change and variability whenever yields and income are at risk.
It was therefore not surprising to find that feeds and feeding, and health, were identified as the
two aspects most severely affected, with extreme heat identified as the climatic parameter that
caused most damage, particularly to milk quality.
Feeds and feeding include the quality and availability of feed. These aspects of production
have been studied extensively, not necessarily because they are most problematic but because
they are the most costly aspects of livestock keeping (Sirohi and Michaelowa, 2007, Blümmel
et al., 2015, Kumar et al., 2015). In the Philippines, providing quality feeds is very
challenging, particularly for ruminants, because of limited availability of land for pastures and
for forage cultivation (Moog, 2005). Given more frequent droughts and changes in seasonal
patterns (earlier onset of the dry season in this case), a large proportion of farmers could not
stretch their crop residue reserves until the grass turns green again. Some farmers resort to
buying supplemental mixed-rations that are available commercially, but many said that they
were not to be able to afford this, or else refused to invest in quality feeds. Local studies
dealing particularly with forage quality, availability and feeding improvement practices for
water buffalo are very limited or not well documented.
Farmers attributed the negative effects on buffalo health to a combination of flooding,
typhoons and the shift in seasonal patterns. Flooding is seen as a serious threat to the animals
because the incidence of parasites (e.g. liver fluke) increases when buffalo are constantly
exposed to wet and flooded grazing fields (Haque et al., 2011, Gordon et al., 2015). A water
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buffalo’s need to wallow means that they are naturally exposed to disease-causing parasites
that thrive on wet and flooded areas but this effect is exacerbated by flooding (Mingala and
Gundran, 2008, Venturina et al., 2015). Farmers also indicated that the changes in seasonal
patterns and typhoons had an impact on animal health but did not specify the health problems.
The shifts in seasons (e.g. more wet days) and typhoons (heavier rains) have been indirectly
linked to the transmission and seasonality of vector-borne and other infectious diseases in
most livestock (Nardone et al., 2010, Bett et al., 2017).
Extreme heat was unexpectedly not ranked among the most important of the climatic
parameters. This is probably because water buffalo farmers, when asked about ‘heat waves’,
normally associate such events with droughts, as farmers usually experience extreme heat
during drought periods. Nevertheless farmers did describe how both the quantity and quality
of milk production was affected by heat, as has also been noted in cattle (Nardone et al., 2010,
Moore and Ghahramani, 2013). A few farmers (27%) reported that extreme heat caused
problems associated with breeding while more than half (63%) associated poor breeding
performance with droughts. The dry season has been found to reduce the fertility and semen
quality of buffalo and increase the incidence of “silent heat” in females, resulting to poor
conception rates (Somparn et al., 2004, Vale, 2007).
Contrary to the belief that water buffalo are highly adaptable to hot and humid environments,
our findings suggest that climatic occurrences, especially drought and heatwaves, predispose
water buffalo to deleterious effects. The negative impacts of multiple climatic parameters are
widely perceived by farmers as a risk to water buffalo productivity and reproductive
performance.
4.6.3 Social determinants of perceived climate change impacts
We found significant variation in how farmers perceived the impacts of climate change. Some
farmers (23%) said they were little affected, many (49%) were moderately affected, with just
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over a quarter (28%) claiming they suffered significantly. This implies that differences might
be due to the diverse personal characteristics of farmers (Grunblatt & Alessa, 2017). We
found that age and length of farming experience have contrasting impacts on farmers’
perceptions. The older the farmers, and the less experienced, the more they perceived that
climate change had affected their production systems. This finding contradicts other studies
that identified age as a proxy of farming experience (Deressa et al., 2009). Previous studies
concluded that more experienced farmers are significantly more likely to perceive climatic
changes, such as variability in rainfall and increases in temperature (Bryan et al., 2013, Lasco
et al., 2016), though the opposite was also observed by Gbetibouo et al. (2010). Meanwhile,
other studies have pointed out that age itself is not the single strongest predictor of climate
change awareness (Lee et al., 2015), indicating that experience does not necessarily have to be
strongly correlated with age. Other studies showed that more experienced farmers are also
more likely to adapt to climate change (Deressa et al., 2009, Ayal and Leal Filho, 2017),
while in other cases, age had no impact on adaptation (Bryan et al., 2013, Burnham and Ma,
2017).
Farm components were also linked to perceived impacts, particularity income diversification.
Cultivating a great variety of crops could mitigate climate change impacts (Bryan et al., 2013)
and diversifying farm income can be a strategy for adaptation and increasing resilience (Mertz
et al., 2009, Lin, 2011, Rurinda et al., 2014). Land holdings also influence the perceived
impacts; the larger the land area owned, the lower the likelihood that a farmer perceived
climate change impacts. Land is a very valuable asset for farmers, and the finding could imply
that farmers with small land areas are more vulnerable to climate change impacts, and are
therefore more highly attuned to change (Musemwa et al., 2012).
Livestock’s contributions to livelihoods also affect farmers’ perceptions of climate change
impacts, as documented elsewhere (Bouroncle et al., 2017, Chingala et al., 2017). In our
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study, farmers who described the function of water buffalo as a buffer and insurance were less
likely to perceive impacts. Livestock can reduce the vulnerability to climate change by
serving as a living asset, a safety net, for when extreme weather events cause crops to fail.
This could also be related to more diversified livelihood options that make livestock
production a complementary household income.
Our findings suggest a negative association between income from livestock and perceptions.
However, the relationship between income, risks perceptions and capacity to adapt are
complex (Cullen & Anderson, 2017). Some studies highlighted that income from livestock
contribute to livelihood stability by increasing farmers’ adaptive capacities (Deressa et al.,
2009). Our results imply that those with less income, already more vulnerable to the effects of
climate change and having lower adaptive capabilities, will be further disadvantaged because
they are less likely to perceive the impacts of climate change and so less likely to adapt. This
is contrast to the findings of other studies in which farmers with lower incomes perceived
more changes in climate (Lasco et al., 2016), possibly owing to their greater dependence on
farming for their livelihood. Meanwhile, Burnham & Ma (2017) found that state-society
dependencies may reduce smallholders’ perceptions of self-efficacy so being able to perceive
climate change risks and impacts did not necessarily lead to an intention to adapt. Some
studies have also explored the links between wealth and the likelihood of adapting to climate
change, with adaptation often requiring ample financial capital (Bryan et al., 2013, Arunrat et
al., 2017). Wealthy farmers are sometimes more likely to have access to extension services
that will advise them on adaptation (Singh et al., 2017). In this study, we did not test
additional proxy variables for income (e.g. household assets and related wealth indicators)
other than for households with off-farm income sources, which we found was not a significant
determinant of farmers’ perceptions.
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Farmers utilizing water buffalo as a source of traction-draft power were less likely than dairy
farmers to perceive they had been affected by climate change. Using animal traction despite
modernization in agriculture might be an indication of smallholders’ limited capacities.
However, under climate change, animal traction nevertheless remains crucial in agricultural
development (Nanda and Nakao, 2003, Cruz, 2007) and as a means to mitigate the effects of
climate change in some areas (Sirohi and Michaelowa, 2007).
The institutional environment of farmers is often thought to influence the adoption of new
technologies and is also positively associated with farmers’ perceptions (Deressa et al., 2009).
In our study, many farmers had received adaptation support or ‘coping assistance’, mostly in
the form of ‘calamity or disaster relief’. One example of such support has been the credit
program, which provides agricultural loans, not specifically to livestock keepers but to all
farmers in a cooperative. Farmers who avail themselves of credit assistance and adaptation
support through government programs perceive that climate change has had less impact than
those who do not. Access to credit commonly has a positive effect to adaptation behavior
(Deressa et al., 2009, Ndamani and Watanabe, 2016). Insurance schemes through government
programs in the area are generally targeted at crops, particularly rice. Some farmers in our
study area had their water buffalo insured through contracts in case of death, though not
necessarily when caused by climate change. It might be that farmers who access insurance
have previously suffered damage from climatic events and are therefore more aware of
climate change. However, this could also mean that there is a lack of access to insurance
schemes, leaving some farmers more vulnerable to climate change risks.
Access to training (through agricultural extension) and other capacity building initiatives
(e.g., Farmer Livestock Schools) was another institutional variable that influenced farmers’
perceptions. Farmers who had access to or were recipients of government extension services
were more likely to observe climate change impacts than those who had not had this access.
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Other studies have found that access to extension services significantly improves the
likelihood of perceiving climate change impacts (Debela et al., 2015). In some contexts,
access to institutional services could improve farmers’ adaptation capacity, and some studies
concluded that higher levels of perceived climate change effects should be positively
correlated with higher levels of intent to adapt (Burnham and Ma, 2017).
4.6.4 Adaptation in water buffalo production
Our study confirmed that the perceptions of risk of several climatic events on agricultural
production were the most important determinant of adaptation (Mase et al., 2017). We found
that water buffalo farmers have been adapting to climate change autonomously or
spontaneously rather than it being something for which they had planned in any coherent
manner (Smit et al., 2000). These include adaptation measures that are reactive and relatively
inexpensive such as biophysical and operational adjustments to their farms, e.g. relocation of
animals, adjusting forage planting times and use of crop residues. The shift of almost half of
the respondents from rice production to dairy buffalo husbandry is also in line with previous
research (Cooper et al., 2008, Tambo and Abdoulaye, 2013). Farmers obviously regard water
buffalo production as less sensitive to climate change than is rice production and have taken
this opportunity to generate more income and to minimize crop failures during extreme
weather events. This shift in income source is an example of ex-ante risk-management
(Cooper et al. 2008) and suggests that farmers’ adaptation responses combine economic
incentives to sustain their livelihoods and previous experiences of the negative impact of
climatic events.
Adaptation should also include increasing farmers’ access to evidence-based information.
Spontaneous adaptation measures that follow from farmers’ perceptions are unlikely to be
enough on their own to counter the climate-induced reductions in productivity that occur on
feeds and feeding, health and reproduction. Life experiences of farmers will not guarantee
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successful adaptation, but adaptation may delay or reduce these negative impacts (Adger et
al., 2005, Porter et al., 2014). More specific interventions to counter these perceived risks on
productivity need to be incorporated in adaptations that are targeted at farmers from a range of
demographic, socio-economic and institutional backgrounds.
4.7

Conclusions and policy implications

Our study explored farmers’ perceptions of climate change and related extreme weather
events, the perceived impacts and how farmers adapt. We found a very high awareness among
water buffalo farmers of the relationship between extreme weather events and climate change.
Almost all farmers stated that they observed that both the frequency and severity of extreme
events such as heat, floods, typhoons and drought, had increased, reflecting the actual trends
in precipitation and temperature recorded in the study area.
Perceptions of climate change risks strongly depend on the level of experience of exposure (as
informed by age or length of lived experience) and vulnerability to these extremes (farmer’s
adaptation characteristics and context). Past extreme weather events have been used to inform
their perceptions of climate change. Farmers are active observers of changes in weather and
climatic events, suggesting that future climate change adaptation can be informed by past
experience.
Adaptation in the study area was found to be spontaneous rather than planned. This has
included a shift from crop to livestock production which about half of the respondents
describing how they mitigated climate change impacts to sustain their income. This shift has
not been undertaken with an understanding of long term consequences, such as potential
future crop shortages in the area and reductions in the diversification of income. At the
moment, agricultural policies in the Philippines mainly focus on improving the climate
resilience of crop production. Our research suggests that, with farmers increasing dependence
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on livestock, there is a need to include livestock, and in this case water buffalo, into climate
change research and to develop locally applicable and long-term adaptation measures.
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5.1

Abstract

Climate change impacts on agricultural production continue to pose a threat to the economies
of agriculture-based countries. Such can be seen in a case study of dairy buffalo villages in
the Philippines, where smallholder farmers have the most to lose from climate change and are
more at risk due to their high exposure to extreme climatic events. To counter the potential
yield and productivity losses, adaptation must be undertaken. This study investigates livestock
farmers’ climate change adaptation practices at the farm level and explores the factors
influencing their choices for different practices. The analyses were based on a household
survey of 310 farmers who kept dairy buffalo across the Nueva Ecija province, in the
Philippines. Four categories of adaptation practices were identified: on-farm management and
technologies (43%), household financial adaptation (23%), government intervention reliance
practices (23%), and knowledge and social network practices (11%). Results from binary logit
models reveal that certain farmers’ attributes, economic resources, and institutional factors
influence farmers' decisions to adopt adaptation practices, either constraining or facilitating
adaptation. We conclude that comprehensive adaptation strategies tailored for specific local
circumstances are needed to increase farmers’ adaptive capacities and facilitate adaptation
amongst the dairy buffalo farming sector.
5.2

Introduction

Climate change impacts on agricultural production continue to pose a threat to the economies
of agriculture-based countries. Many of these impacts manifest negatively on yield
productivity losses (Nelson et al., 2014; Moore et al., 2017), which extend serious
implications on farmer’s livelihoods (Morton, 2007; Habtemariam et al., 2017). Considerable
information already exists on the climate change impacts to agriculture, as reflected in the
IPCC Fifth Assessment Report (Porter et al., 2014), including negative implications on global
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food security (Wheeler & von Braun, 2013; Campbell et al., 2016). However, research must
go beyond how to adapt to these impacts (Mirza, 2003; Howden et al., 2007; Lobell et al.,
2008). Adaptation is necessary to counter climate change impacts, but there are still gaps with
regards to the location-and-context relevance of adaptation efforts (Davidson, 2016).
Additional research and local-level analyses need to take place in the more vulnerable Asian
countries (Ford et al., 2015), both from the small-scale production context, which is likely to
be increasingly affected; and from the livestock farmer context, where adaptation is generally
lacking (Herrero et al., 2015; Descheemaeker et al., 2016; Escarcha et al., 2018a).
In the Philippines, the idea of adaptation to climate change is not new, since the negative
impacts are already apparent (OECD, 2017). The familiarity of the country to climatic risks is
due to its high exposure to natural hazards (cyclones, floods, and droughts) and its
dependence on climate-sensitive natural resources and agriculture for its livelihood (Mallari,
2016). The challenge is finding ways to minimise the damages of climate-related events,
while at the same time ensuring that agricultural economies improve (OECD, 2017).
Adaptation in response to climate change has been demonstrated previously in agriculture and
related sectors, such as in agroforestry (Lasco et al., 2016), the farming of major crops such as
rice (Yap & Lotze-Campen, 2012; Gomez, 2015), and in coastal farming-fishing villages (Uy
et al., 2011). Adaptation in the context and dimension of the livestock subsector, which
contributes 35% to the country’s total agricultural production, has not, in our knowledge, been
explored.
Moreover, there is a need to reflect the enhanced adaptive capacity of farmers, and to avoid
the risks of maladaptation (Noble et al., 2014). An adaptive approach to build the resilience of
farming villages has been an on-going effort in the country, implemented through
governmental programs (Alcayna et al., 2016). Yet, the policies on adaptive responses mainly
focus on recovery and coping with the impacts of severe extreme climatic events, such as
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typhoons, flooding, and drought (de Leon & Pittock, 2017), and not of slow onset change to
climatic and environmental conditions, nor on long-term adaptation strategies. Exploring
farm-level adaptation strategies and understanding the underlying factors influencing
adaptation is important to planning and local policy development.
Many studies have examined farmers’ perceptions and responses to climate change, from
predicting the likelihood to adopt adaptation practices to determine the factors influencing
adaptation decisions (Ainembabazi & Mugisha, 2014; Mabe et al., 2014; Morris et al., 2017).
However, more research is needed to understand the actual adaptation beyond simply
predicting the likelihood of adopting a new technology or improving production practices
(Donatti et al., 2017; Phuong et al., 2017). The aim of our study is to reveal dairy buffalo
farmers’ existing farm-level adaptation practices, and to assess the underlying determinants of
their actual choices of adaptation practices. We further explore if these determinants facilitate
or constrain their decision to adopt specific adaptation practices.
We focus on dairy buffalo production because this is a common livestock resource of
smallholder farmers in the Philippines. Milk is one of the most critical food commodities, yet
the production is characterised as small and varied as a result of differences in both the
climate and in the local cultures (Schiere, 2010). Only 1-2% of the country’s total annual
dairy requirement is produced locally, and the balance is imported. Carabao, the local term for
water buffalo, roughly contribute 35% of the 22.76 thousand metric tons milk production in
2017 (PSA, 2017). Despite the small scale, the local dairy sector is crucial to rural
communities, as half of the production goes to school and community milk feeding programs,
and provides income to predominantly smallholder producers (Cruz, 2015). Moreover, there
is generally an increasing recognition of the role of livestock in successful adaptation,
particularly in developing countries, such as buffer in times of crop failures (Jones &
Thornton, 2009; Glass et al., 2014; Weindl et al., 2015).
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5.3

Conceptual framework and Methodology

5.3.1 Framing farmers’ adaptation decisions
Farmers have a closer relationship to climate than many other laypeople because their
livelihoods heavily depend on natural resources and, therefore, on climatic conditions. Under
a changing climate, it is expected that farmers are also changing the ways they farm, as with
any other human system that tends to adapt autonomously to changing climatic conditions
(Yohe & Tol, 2002; Porter et al., 2014). Reducing the risks or minimising negative impacts
from climate change is one of the main motivations for farmers to adapt since they also farm
to sustain their livelihoods and household needs (Ellis, 1998; Howden et al., 2007). Other than
the provision of food, farmers farm for many more reasons, such as the provision of non-food
items (e.g. materials) and cultural services (Kekuewa Lincoln & Ardoin, 2016), which are all
also affected by climate change.
Adaptation is understood to be a modification of behaviour, an action or outcome in a system
that can either alleviate adverse impacts or better cope with experienced climatic conditions,
risk, or opportunity (Adger et al., 2005; Smit & Wandel, 2006). Moreover, successful
adaptation has been defined as any adjustment that reduces the risks associated with climate
change, or vulnerability to climate change impacts, to a predetermined level, without
compromising economic, social, and environmental sustainability (de França et al., 2009).
However, according to Yohe & Tol (2012), there is no standard definition of adaptation as it
can be viewed from different perspectives.
Adaptation practices are diverse and depend on the systems in which they occur (Smit &
Skinner, 2002; Adger et al., 2005). In small-scale agricultural systems, adaptation often
happens intuitively as part of traditional practices (Morton, 2007). Adaptation may also be
through the adoption of technologies implemented locally as part of existing development
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programs that have co-benefits in reducing climate change vulnerability (Agrawala & van
Aalst, 2006; Klein et al., 2007; Burnham & Ma, 2016). Farmers have to decide when and how
to adapt, and they have to make multiple choices among available practices and technologies
which are all linked (Yohe & Tol, 2002) under the current enabling or impeding environments
(Mendelsohn, 2012; Morris et al., 2017).
There is no formula for predicting how farmers choose to adapt, nor one certain adaptation
strategy that fits all, as people use a variety of mental shortcuts, defined as heuristics or ‘rules
of thumb’ (Preston et al., 2015), which could also mean adaptation decisions are made by
‘learning by trial and error’ and by ‘gut feel’ (Marx & Weber, 2012). Farmers’ abilities to
take adaptive decisions are often conceptualised as a site-specific or place-based
phenomenon. At the farm level, farmers’ decisions are shaped by household dynamics and
networks (Yohe & Tol, 2002; Singh et al., 2016). In understanding farmers’ decision-making
and adaptation behaviour, most researchers find specific determinants that can explain
farmers’ local adaptation practices. Interactions of these determinants may describe the
realities of smallholder farmers struggling to adapt to climatic changes.
In this study, the hypothesised interaction of farmers’ individual decisions and the
determinant factors to adopt to the given adaptation practices is presented in Figure 5-1. The
determinants of farmers’ adaptation undertakings were identified across the contexts of dairy
buffalo villages and based on existing literature and data available. We further sorted these
determinant variables into facilitating and constraining factors, which all have a direct
influence on farmers’ decisions to adopt given farm-level adaptation practices. Our analysis
was mainly drawn from the adoption and technology acceptance model formulated by
Venkatesh et al. (2008), which has been widely used in explaining and assessing technology
adoption in diverse contexts, including agricultural decisions (Rose et al., 2016). Adaptation
facilitating factors are termed ‘enablers’ or factors that boost adaptive capacities (Azhoni et
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al., 2017). The constraining factors are those that make it harder to plan and implement
adaptation actions (Klein et al., 2014) or commonly refer to the challenges emerging from
sociological and institutional factors (Azhoni et al., 2017).

Figure 5-1: Conceptual framework linking farmers' context to decisions to adopt adaptation practices.

5.3.2 Study area
The survey was carried out across a selection of villages in the Nueva Ecija province of the
Philippines, which is the national impact zone for dairy buffalo development in the country.
Because of its less volatile climate and rich alluvial soil, this province was identified as a
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potential hub for dairy production and has now a substantial number of dairy buffalo (see
Figure 5-2). The province is frequently linked to many national developmental research
interventions, such as the Carabao Development Program (CDP), which aims to create
sustainable livelihoods and promote the general wellbeing of farmers. Both the headquarters
of the governmental agencies for rice and water buffalo research are located in Nueva Ecija,
the Philippine Rice Research Institute (PhilRice) and the Philippine Carabao Center (PCC),
respectively.
The province consists of 5 cities, and 27 mainly rural municipalities (towns) that are
subdivided into 849 barangays or villages, the smallest unit of local government. Nueva Ecija
was chosen as the study area because it is fundamental to the country’s agricultural economy
as a leading producer of rice, and as a major agricultural production corridor (Table 5-1).
Most of the villages produce various foods and commodity crops both for household
consumption and nearby regional markets, such the urban capital of Metro Manila.
Table 5-1: Sociodemographic and agricultural characteristics of the study area.

Indicator

Data

Sociodemographic
Total population

Nueva Ecija

Country

province

values

2.15 million

Urban: Rural

27.3%: 72.7%

100.98
million
45.3%:
54.7%

Number of households
Average household size
Population density
Education, Literacy rate (simple

496,977

22.98 million

4.3

4.4

378 sq. km.

337 sq. km

93.5%

96.5%

22.6%

16.5%

literacy) *
Poverty Incidence on population
Agriculture

Nueva Ecija
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province

values

Land area (in hectares)

575,133

30,000,000

Number of farms, by land use

119,148

5,560,000

1.68

1.29

1,684,352

19,276,346

Corn

31,930

7,914,908

Top livestock: Carabao (heads)

56,820

2,881,890

Cattle

30,666

2,547,610

8,825,309

175,316,920

Duck

467,033

10,841,960

Goats

72,450

3,710,350

Average farm area per farm/holding
Top crops: Rice (metric tons)

Chicken

Source: Philippine Statistics Authority, reference period: 2017
*The percentage of the population 10 years old and over, who can read, write and understand simple messages in
any language or dialect

While previously relatively stable, the climate in the Nueva Ecija province is increasingly
being affected by climate change and variability, particularly by increasing temperatures (see
Figure 5-3), which have detrimental effects on livestock production (Salama et al., 2014;
Polsky & von Keyserlingk, 2017; Escarcha et al., 2018b). The number of destructive
typhoons and droughts are also increasing in the study area (Israel & Briones, 2012;
PAGASA, 2015). Additionally, most farms are near or bounded by rivers or creeks, which
make them more susceptible to flooding (Nueva Ecija is the second most flood-prone
province in the Philippines; PAGASA, 2015).
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Figure 5-2: Distribution of dairy buffalo inventory in the Philippines. The boxed area shows the location of
the Nueva Ecija province and the Metro Manila capital region.
(Source, NDA, 2017)
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Figure 5-3: Yearly cycle and anomalies from 1990-2020 in Cabanatuan, Nueva Ecija, Philippines, coordinates:
15.48N,120.97E,32.0m (prob:101m),WMO station code:98330.

5.3.3 Data and survey procedure
Household survey data was collected using a semi-structured questionnaire administered
across 17 municipalities, 45 villages, and 35 farmer cooperatives. The sample frame consisted
of 310 smallholder farm households. A total of 298-survey dataset were used for final
analysis, as some were incomplete. The inclusion of smallholder farm category was based
from the local standard definition, as farms with no more than 20 head of adult water buffalo
(PSA, 2017). The survey participants were randomly selected using the PCC master list of
farmers as it was the most-up-to-date and comprehensive list of dairy buffalo farmers. These
farmers represented around 30% of the total number of dairy buffalo farmers in the province,
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and the majority (99%) were organised members of the Nueva Ecija’s dairy buffalo
cooperatives. The household survey was conducted face to face with the farmers who were
primarily the heads of their households, and administered by the lead author in the local
language (Tagalog), then translated into English. The survey was completed between January
and October, 2016.
The survey questionnaire was designed as part of a project focused on climate change impacts
and adaptation in water buffalo production. The specific questions used for this analysis
focused on how farmers change their practices to adapt to impacts from climate change and
other related farming challenges, and what factors determine adoption of adaptation practices.
Farmers were then provided with a list of adaptation practices in livestock production, which
included climate-related practices and technologies attached to CDP. Three-point Likert scale
(Dolnicara et al., 2011) questions were posed to explore farmers’ adoption decisions. The
adoption responses were collected as 1–not adopted, 2–will be likely to adopt in the future,
and 3–adopting. Some questions were presented as closed (e.g. socio-economic attributes) and
open-ended (e.g. reason for non-adoption). Farmers that did not adopt a particular adaptation
practice or did not adjust their farming practices in response to climate-related factors where
asked their reasons for non-adoption. Farmers that are adopting were asked what to detail the
difficulties they encountered during adoption or in changing their farming practices.
5.3.4 Data analysis
All data were coded and entered in SPSS 23 and analysed first using descriptive tools to
identify and set the variables relevant for further analysis. While the multinomial logit was the
commonly used approach to assess farmers’ decisions to adapt as a choice between multiple
or combinations of adaptation practices, it was found that the binary logit model was best
suited to determine the factors that influence farmers’ decisions to adopt each adaptation
practice (Deressa et al., 2008). The binary logit model is advantageous over another method
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because of its computational simplicity, and that it allows for the determination of the
probabilities of the choice of the adaptation practice associated to the binary choice situation
(Bryan et al., 2013; Uddin et al., 2014).
For further analyses, the responses ‘not adopted’ and ‘will likely adopt in the future’ were
combined into ‘not adopting’ to have binary outcomes. The dependent variables were dummy
coded: 1–when farmers adopted an adaptation practice and 0–when they did not. Relevant
explanatory variables (Table 5-2; see supplementary tables in Appendices for descriptive
details) were selected based on the predesigned conceptual framework (Figure 5-1).
Table 5-2: Explanatory variables hypothesised to influence farmers' decision to adopt adaptation practices.

Variables

Description and measure

Farmers attributes
Age

Continuous Age of household head in years

Farming experience Continuous Number of years household head has worked as an
independent decision maker
Education

Dummy

Number of years in school completed by the household
head
(1 if Grade School level, 2 if High School level, 3 if
College/Uni level

Income class

Dummy

As per municipality code category
(1 if belongs to higher classes (1st class to 2nd class); and 0
if belongs to lower classes (3rd class to 4th class)) Source:
PSA code

Economic resources
Animal holdings

Continuous Number of animals raised by household, mixed age

Location

Continuous Distance from farm to market in kilometres

Irrigation access

Dummy

Farm size

Continuous Total amount of land used in farming in hectares

Land ownership

Dummy

Access (0 if there is access and 1 otherwise)
Tenure status (1 = owned; 0 = not owned including
borrowed, rented and communal land)

Institutional/social
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Climate information Dummy

Access (0 if there is access from social media alone, and 2
if access from an official source and social media)

Agricultural

Dummy

Access (0 if there is access and 1 otherwise)

Livelihood credit

Dummy

Access (0 if there is access and 1 otherwise)

Extension support

Dummy

Access (0 if there is access and 1 otherwise)

insurance

Frequency analysis was used to assess the percentage of farmers who choose the various
adaptation practices (see supplementary figure S3 for complete list). Separate binary logit
models were then used for each particular adaptation practice for which responses differed
across farmers (where at least 25% of farmers chose one category and the other 75% the
other). Analysing the adaptation practices separately from each other was appropriate because
it provides more meaningful information for each practice (Mabe et al., 2014). This also
eliminated the possibility of interactions among the adaptation decisions of farmers. After
checking the assumptions (Midi et al., 2010), 12 different binary logit models were run out of
35 individual adaptation practices identified. All of the models were tested for significance
and accuracy of predictions by using the classification table method, to which our models
accurately predict the dependent variable or the adoption of a particular adaptation practice
(Vijverberg, 2011). The pseudo R2 measure to determine the goodness of fit of all our models
was also calculated. Only the models found to have good model fit were reported.
5.4

Results

5.4.1 Farmers’ preference for adaptation practices
Following the categorization of adaptation practices at farm level (Below et al., 2010; Harmer
& Rahman, 2014), the total of 35 practices was grouped into four: on-farm management and
technology-based, household financial management, government intervention-services, and
knowledge and social networks. These were the existing adaptation practices in the study
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area, which were not mutually exclusive and were being adopted simultaneously by farmers.
Figure 5-4 shows farmers’ most and least preferred adaptation practices by category and the
percentage of households that have adopted each practice.
On-farm management and technology-based practices emerged as the most prominent
adaptation category, with a total of 11 most adopted practices. This included production
adjustments, feeds and feeding practices, and health and related breeding technologies. Except
for planting forage trees or legumes (82%) and manure management (77%), the majority of
respondents (over 90%) were found to have similar adoption decisions for the rest of the
practices. Moreover, farmers commonly adopted two adaptation practices under household
financial management category: selling of animals and labour adjustments (involving family
labour). The majority (98%) of farmers have at some point had sold their animals, and have
involved their household members, e.g. their wives and children (90%) in farm activities.
Farmers reported homogenous adaptation decisions for some of the government interventions
and related services. The three most frequently chosen adaptation practices were: access to
animal loan or dispersal program (99%), organised milk market (93%), and to training and
technical experts (89%). The three adaptation practices adopted the least were: irrigation
assistance (24%), agricultural insurance (19%), and participation in Farmers Livestock School
(FLS) for dairy buffalo development (12%). Farmers showed similar decisions for all
knowledge, support, and social networks related to adaptation practices. Almost all farmers
got support through membership in farmer cooperatives (99%), prayed to God in times of
climate-related calamities or disasters (98%), and change their attitudes towards the
environment (97%) as an adaptation practice. Offering products or sharing harvest at social
events was least adopted (14%), including in religious traditions and other festivals.
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The

Figure 5-4: Actual preference (most or least adopted) for adaptation practices by dairy buffalo
farmers, N=298.

adaptation practices that varied the most (Data Analysis) are presented in Table 5-3. Farmers
have contrasting views on most (6 out of 8; 75%) of the household financial management
adaptation practices, on some of the on-farm management and technologies practices (4 out of
15; 27%), and on a few of the governmental interventions and related services (2 out of 8;
25%).
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Table 5-3: Adaptation practices, either adopted or not adopted by dairy buffalo farmers, N=298.

Adaptation practices (n=12)
On-farm
Management (4)

Household
Financial

Not adopting

Adopting

Improve housing condition of animals

97 (33%)

201 (67%)

Adjust or invest in own irrigation system

73 (25%)

225 (75%)

Improve milking facilities

211 (71%)

87 (29%)

Silage making

175 (59%)

123 (41%)

Sale of other assets

163 (55%)

135 (45%)

Re-investment, loans

150 (50%)

148 (50%)

Shift to other non-farm activities

162 (54%)

136 (46%)

Reduction on household basic expenditures

164 (55%)

132 (45%)

Supplementary income, e.g. remittance

108 (36%)

190 (64%)

Outmigration, nearby cities

225 (75%)

73 (25%)

Community milk processing centers

98 (33%)

200 (67%)

Financial, credit programs for farmers

100 (34%)

198 (66%)

Management (6)

Government
services (2)

The numbers in parenthesis are the total number of practices in a category
5.4.2 Factors influencing adaptation
Table 5-4 presents the pooled results of the estimated parameters of the empirical binary logit
models (see Appendices for full tables). Eleven out of the 14 explanatory variables included
in each model, were significant, at the 10% significance level or lower. The three insignificant
variables were farmer’s age, irrigation, and access to climate information.
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Table 5-4: Pooled results, estimated parameters of the empirical binary logit models.

Determinants

B

p value

Exp(B)

Adaptation practices

Farmers attributes
+++

Age
Farming
experience

Household size
Education(1)

Education(2)

0.055 0.054*

1.057

Improve milking facilities

-0.053 0.051*

0.948

-0.295 0.019**

0.745

Silage making

-0.210 0.054*

0.811

Supplementary income source

-1.243 0.051*

0.288

-1.638 0.034**

0.194

Invest in irrigation (own system)

-1.243 0.051*

0.288

Manure management

-1.767 0.041**

0.171

Invest in irrigation (own system)

-0.768 0.022**

0.464

Improve milking facilities

1.035 0.037**

2.816

Sale of other assets

Outmigration,

nearby

urban

cities

Improve

animal

housing

condition

Economic-resources
Income class 1)

Animal holdings

-0.789 0.009*** 0.455
0.898 0.005**

1.134

0.751 0.013**

2.118

0.174 0.000*** 1.190

Community

milk

processing

centres
Financial

assistance,

farm

capitalisation
Improve

animal

housing

condition

0.104 0.003*** 1.110

Improve milking facilities

0.135 0.000*** 1.145

Silage making

0.174 0.000*** 1.190

Manure management

0.073 0.030**

Reduce household expenditures

1.075

0.136 0.002*** 1.021
Farm size

Silage making

0.917 0.000*** 2.502
-0.694 0.001*** 0.500
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-0.618 0.002*** 0.539

Reduce household expenditures

-0.578 0.004*** 0.561

Supplementary income source

0.775 0.001*** 2.171
Location

Financial

assistance,

farm

capitalisation

-0.219 0.008*** 0.803

Silage making

-0.721 0.015*** 0.486

Sale of other assets

-0.747 0.009**

Re-invest loans

Irrigation access
Land ownership

0.474

-0.909 0.003*** 0.403

Reduce household expenditures

Institutional
Climate
information
Agricultural
insurance

0.480 0.054*

1.617

-0.544 0.054*

0.580

0.820 0.004*** 2.270
Livelihood credit
Extension support

Re-invest loans
Outmigration,

nearby

urban

cities
Community

milk

processing

centres

1.045 0.001*** 2.844

Invest in irrigation (own system)

0.653 0.029**

1.922

Silage making

0.691 0.021**

1.996

Silage making

0.574 0.052*

1.776

Manure management

0.683 0.027**

1.981

Supplementary income source

***, **, * = significant at 1%, 5% and 10% probability level, respectively
+++

Colours indicate adaptation practice category:

- On-farm management and technologies
- Household financial management
- Government intervention services

Education negatively influenced four practices within the on-farm management and
technologies practices: improvement in animal housing conditions, investing in own irrigation
facility, manure management (vermicomposting technology), and improvement in milking
facilities; and had a positive influence on the selling of household assets. Farming experience
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had a positive impact on the adoption of improved milking facilities, and a negative one on
the decision to out-migrate to the nearby cities. Household size influenced the decisions to
make silage and to take supplementary income sources negatively.
Except for irrigated-type farms, almost all economic resources factors influenced farmers’
decisions significantly. These factors included income (3 practices), animal holdings (6
practices), farm size (5 practices), location (1 practice), and land ownership (3 practices). The
higher the income (1 categorised as higher), the less likely was a farmer to choose to make
silage as feed material, and the more likely to access the community milk processing centres
and financial assistance or farm capitalisations. The more animal stocks farmers had, the
more likely were they to favour decisions to improve animal housing conditions, make silage,
manure management, reduce household expenditures, and access the community milk
processing centres. Farm size had a negative influence on farmers’ decision to sell household
assets, reduce household expenditures, and access to supplementary sources such as
remittance; whereas, a positive influence was seen in practices such as investing in the
farmers’ own irrigation facilities, and accessing the government services through financial
assistance such as farm capitalisation. Moreover, farm location or the distance from the farm
to the market has a negative influence on the decision to make silage. Lastly, land ownership
had a negative impact on farmers’ decisions to sell household assets, re-invest in loans, and
reduce household expenditures, which were all under household financial management.
All but one of the institutional factors (climate information) significantly influenced farmers’
adaptation choices. Access to agricultural insurance influenced positively farmers’ decision to
invest in loans and make use of the government-assisted community milk processing-centres,
while it influenced negatively farmers’ decision to out-migrate to the nearby cities. Moreover,
access to livelihood credit was positively associated with farmers’ decision to invest in own
irrigation system and make silage. Access to extension support was also seen to positively
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influence farmers’ decision to make silage, adopt manure management technology, and use
supplementary income sources.
5.5

Discussion

5.5.1 Adaptation practices at the farm level
This study adds to the literature on smallholder farmers’ extensive history of adjusting to
climatic changes to reduce risks, or adaptation to its negative impacts (Harmer & Rahman,
2014; Burnham & Ma, 2018). Results suggest that adaptation is apparent across dairy buffalo
villages evidenced by the high rate of actual adoption of several adaptation practices. This is
not surprising as adaptation is described as not novel, and it is an inherent characteristic of
human behaviour to take adaptive action (Preston et al., 2015). Other studies also reveal that
adaptation is built on pre-existing cultural and economic practices (Forsyth & Evans, 2013)
and that people spontaneously look for useful measures based on their capabilities and on how
they value themselves (Comim et al., 2008).
In the case of dairy buffalo farmers, adaptation occurs either as spontaneous using traditional
farming knowledge or as an introduced technology or practice (publicly or privately
supported) available in their villages. Our findings show that most farmers’ adaptive practices
resulted from the government’s developmental efforts to improve the general productivity of
dairy buffalo to better farmers’ income. As some authors argue, farmers are, at the outset,
adapting for multiple reasons, besides climatic changes (Smit & Skinner, 2002), and that they
are always oriented towards survival, which makes adaptation a response to a wider process
of seeking better farming livelihoods (Osbahr et al., 2010).
Moreover, we found it difficult to determine when an adaptive practice was adopted just to
cope with a short-term drought, or recurring typhoons and flooding, and when it was a
planned adaptation to climate change. Examining the adoption of individual practices enabled
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us to understand adaptation categories at the farm level and across smallholder dairy buffalo
villages. Some adaptive practices may appear as a coping practice (short-term and
immediate), but it may occur as an adaptation strategy of other farm households. For example,
some farmers seek irrigation assistance only if needed, such as in case the rainy season is
delayed, but others plan and invest on their own irrigation system to anticipate the risks posed
by recurrent droughts or variability in rainfall. Similarly, we found that adaptation practices
that were introduced to farmers by local institutions were neither planned nor intended
directly in response to specific climate changes.
On-farm management and technology-based practices
Adaptation through on-farm management and technology-based practices is the most
prominent among dairy buffalo farmers. Similarly, such practices are undertaken mostly
through intervention programs facilitated by public and private institutions for adoption by
smallholders (Smit & Skinner, 2002). The majority of practices identified in this category
reflect the focus of the Carabao Development Program by the national government. The wider
adoption of several adaptation practices could indicate farmers’ wider exposure to and
acceptance of governmental interventions.
The CDP has been implemented across rural villages, since 1999, through improved
management practices and technological packages for water buffalo production (Cruz, 2015).
There is little evidence that improvement of management practices and production
technologies is targeted at certain climatic conditions. This may be because buffalo, or
livestock in general, are less vulnerable to the impacts of climatic changes compared with
crops (Herrero et al., 2015; Descheemaeker et al., 2016). Moreover, in the face of increasing
impacts of extreme climatic events, farmers may improve their farming facilities (such as
animal housing), adjust the forage cropping pattern, use improved forage varieties, and may
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consider adding more animals which may serve as a marketable asset or buffer when their
crops fail.
Higher adoption of most management improvement practices may also indicate the need to
adapt to increasing production risks from extreme climatic occurrences (Zhang et al., 2017;
Escarcha et al., 2018b). Some farmers have emphasized that they improve the housing
conditions of their animals, so as to shelter them during prolonged hot days or in the event of
typhoons, rather than leaving them tethered in the nearby river or roads. Extreme heat is a
causal factor to heat stress in dairy animals, which results in poorer milk quality and yield
(Polsky & von Keyserlingk, 2017). Improving milking facilities also may reduce spoilage of
milk before market, especially during hot days. Adjusting the timing of the planting of forage
or grazing times are spontaneous practices that may give better forage yield during times of
rainfall and seasonal variability (Herrero et al., 2015).
Technological adaptation, of improved health and breeding practices, for example, have
considerable potential for strengthening the adaptive capacity of farmers. Vaccination
programs against known buffalo diseases reduce the exposure risks of animals during
unfavourable climates (Lubroth et al., 2007), while the introduction of related health and
breeding technologies make animals more resistant to climate-borne diseases (McWilliam et
al., 2013). Some studies on farmers’ innovation behaviour reveal that farmers play a decisive
role in the development of new technologies (Ainembabazi & Mugisha, 2014); adopting
practices such as turning manures into fertiliser and optimising the use of crop residues (rice
straws). This implies that farmers are increasingly trying to exploit the diversity of their
landscape and adapt to the resources available (Ellis, 1998; Khatri-Chhetri et al., 2017).
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Household financial adaptation
Farm financial adaptations are household responses using household income strategies to
reduce the risk of climate-related income loss (Smit & Skinner, 2002). As most of dairy
buffalo farmers are also croppers (98%; mainly rice and vegetables), cash immediately
becomes scarce in farming households when the complementary crop fails because of more
frequent typhoons and flooding. Consequently, most households turn to their animals to
sustain daily incomes, which can be associated with the reason why farmers are tending to
focus more on adopting production improvement practices to safeguard their animals, as they
may serve as a buffer for crop income losses (Jones & Thornton, 2009).
Similarly, as crop insurance seems not to be known to farmers, (more so for livestock),
farmers likely resort to selling some of their animals (usually males) or even household assets
to cope in times of immediate cash needs. At the farm level, it is very seldom that a farmer
will purchase crop insurance to reduce or stabilise income losses due to poorer crop yields.
The government facilitates agricultural insurance in the Philippines, but the distribution is so
poor with less than 30% of smallholder crop farmers are covered across the country (Falco et
al., 2014). Crop insurance could have helped to spread the exposure to risks borne by farmers
due to extreme events and other related climate changes. Instead, some farmers invest in more
livestock, such as dairy buffalo, as they regard their animals as major source of financial
relief; accessing animal dispersal or loan programs as ways to increase their herd size. By
increasing animal holdings, coupled with the adoption of improved production technologies,
most farmers are likely to recover their incomes, and thus reduce economic risks caused by
climatic changes. Sourcing supplementary incomes is also noted, which are similarly
recognised as household coping practices in managing financial risks (Lapar & Ehui, 2004;
Bryan et al., 2013). Farmers seek assistance in the form of remittances from relatives or from
household members who have found better jobs in the cities or even abroad.
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Government intervention services
Local governments are recognised public institutions that have shaped how rural residents
responded to the environmental changes in the past (Agrawal et al., 2008). Similarly, they
facilitate adaptation in small-scale agricultural settings, mostly in developing countries
(Agrawala & van Aalst, 2008). Accordingly, adaptation is characterised as local, which means
it is dictated by processes at the local level, but are also influenced by adaptations at other
scales and institutions (Adger & Tompkins, 2005; Preston et al., 2015). In the Philippines, the
local government plays an important role in the integration of climate change adaptation into
related government policies (Lasco et al., 2008; Cuevas et al., 2015). This is known as
‘mainstreaming’ climate change adaptation (Klein et al., 2007; Ayers et al., 2014). Our
findings highlight the importance of governance in climate change adaptation (Adger, 2005).
The adoption of government supported adaptation practices imply that it is common for
farmers to rely on the government for the support that they can avail. This is partly due to the
availability of related developmental programs which sustain their production and that other
than public institutions, farmers have limited networks to rely in times of need. Moreover,
adoption of governmental supported adaptation practices reflects the institutionalisation effort
of the PCC, wherein collective action and sharing of good practices is strongly encouraged.
Agrawal et al. (2008) classified these adaptation responses as ‘communal pooling,’ which
involve the sharing of wealth, or the collective mobilisation of resources during times of
scarcity. In the Philippines, the local government serve as a mediator in the context of
adaptation.
One example of adaptation as a collective practice is the development and implementation of
farming livestock schools regarding dairy buffalo production (FLS-DBP). Farmer’s livestock
schools capacitate farmers and promote pro-adaptive behaviour towards climate change,
wherein they collectively learn different farming practices (Tomlinson & Rhiney, 2018).
167

Adaptation to climate change by smallholder dairy buffalo farmers in the Philippines

Some farmer respondents are already adopting the lessons and practices learned in the
programs and as a result, show a high expression of willingness to adopt in the future.
However, the FLS-DBP entails partnership with and counterpart funding from the local
government units (LGU). Without the latter’s support, the FLS-DBP as an adaptation practice
cannot be accessed or “performed” readily by farmers in Nueva Ecija. Likewise, FLS-DBP
caters only 25-30 farmers per batch. These will explain why there was very low adoption
amongst farmers. Moreover, governmental support in the marketing of milk through the
establishment of village-based milk processing centres reduces marketing risks and helps
manage potential risks of milk spoilage, especially during unfavourable weather conditions.
Knowledge, social networks and support from others
Knowledge management and social networks involve the adaptation practices associated with
the socio-cultural dimension of farming (Abid et al., 2017). Farmers increasingly use their
local networks to enhance their adaptive capacity. Membership to cooperatives is very
common in dairy buffalo households, allowing farmers to invest in friends, family ties, and
other social network systems across different villages (Palacpac et al., 2016). Cooperatives
are mainly involved in the selling and distribution of farm inputs and services to farmers.
Some of key services provided include credits, farm advisory services, and marketing
information.
Cooperatives allow farmers across villages to work together under the principle of trust and
sharing in the times of need; which are found to be critical to the sustainability of livelihood
activities and adapting to climate changes (Uddin et al., 2014). We found that markets appear
to be the main reason for farmers to organise themselves into cooperatives, whereas, other
studies consider market exchange as the most versatile mechanism for adaptation especially
for smallholders (Agrawal et al., 2008). It also encourages the participation of women in
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labour (Abid et al., 2017), mostly in manning farmers selling areas and processing of milk
products.
Religious beliefs and attitudes towards the environment are linked to forming a basis for
climate change attitudes and behaviours. Christians are likely to have a high belief in both
human ingenuity to overcome environmental problems and in human rule over nature
(Morrison et al., 2015). Our respondents mentioned that praying to God (the majority were
Catholics) increased the engagement of household members in raising their concern about
helping others cope with natural disasters. Though offering harvest or products for social
events is no longer appealing to farmers, religion’s adaptive function is nevertheless critical
because beliefs help people survive, protect their environment, and sustain their communities
(Sachdeva, 2016). Adopting religious practices via beliefs represents a greater degree of
institutionalisation, which may facilitate adaptation, in that local faith groups are major actors
in adaptive response, such in the mobilisation of aid and assistance (Haluza-DeLay, 2014).
5.5.2 Determinants of adaptation practices
Determinants to farmers’ adaptation decisions are widespread in the literature, particularly in
the context of smallholder farmers, due to the complex environment and their limited capacity
to adapt. Existing literature draws on these determinant factors to investigate farmers’
adaptation behaviours for successful adaptation. Our findings give an indication of how
multiple influencing factors contribute to dairy buffalo farmers’ adaptation decisions through
the adoption of adaptation practices.
Farmers attributes
Farmers’ individual attributes may facilitate or constrain adoption of adaptation practices.
The age of dairy buffalo farmers appears not to be a factor in farmers’ decisions to adopt
certain adaptations. Accordingly, age as a determinant in farmers adaptation choices is still
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unclear, as others Bryan et al. (2013) find better farming experience as a proxy for age. We
found that more experienced dairy buffalo farmers were more likely to adopt or invest in
improved milking facilities, and less likely to choose to migrate to nearby cities in search of
better jobs. Other studies point out that more experienced farmers are in better position to
assess the relevance of a new technology or practice, and are willing to bear the risks because
experience has given them a broader ability to plan and anticipate (Bryan et al., 2013; Uddin
et al., 2014). Moreover, we found that the bigger the household size, the more secure the
labour source for labour-intensive activities, such as making silage making as a feed material
and taking supplementary sources of income. For example, household members are able to
help out in cut-and-carry systems of feeding, wherein fresh feed materials need to be gathered
from other villages, especially in drier times. Alternatively, a large household might be
forced to divert part of its labour force into non-farm activities to generate more income.
The level of education of the household head influences the choices for most of the adaptation
practices. Similar to previous studies, we found that the positive influences on a number of
practices suggest that education facilitates adaptation. A better level of education enables
farmers to search for relevant information to improve their farming practices, increases
farmers’ awareness of the problem, and helps to anticipate the consequences of climate
change, as well as understand the potential benefits of adaptation practices (Knight et al.,
2003; Lasco et al., 2016; Amare & Simane, 2017). Thus, education favours decisions to take
up adaptation practices.
Contrary to our expectation, the higher the education level achieved by the farmers, the less
they adopted certain technologies, such as animal housing improvement, investing in their
own irrigation systems, and manure management. This is possibly because educated farmers
are more likely to consult wider networks which promote other climate change adaptation
options, and they are more open and rational in taking decisions depending on their
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preference and production objectives. Uematsu & Mishra (2010) also reported the negative
influence of education on the adoption of technologies.
Economic resources
The economic resources of farmers are proxies for wealth. It is expected that the richer
farmers are those who have more resources and who are more financially capable of investing
in adaptation practices than poor farmers. In this study, farmer respondents are considered to
be smallholders, yet more than half (58%) were better off based on the income class
categories of their localities. This means that, generally, these farmers had access to better
institutional services, such as improved farm to market roads, farming infrastructure, and even
banking and related financial services. As expected, we found income class to positively
influence farmers’ decision to take financial aid or farm capitalisation and community milk
processing centres as adaptation practices. On the other hand, farmers in a higher income
class are less likely to make silages for feed because they may have the capability to purchase
commercial feeds.
Animal holding was shown to be a highly important positive determinant to farmers’
adaptation decisions. A household who owned more animals was more likely to adopt
adaptation practices, implying the relevance of livestock as a component of their farming
system. Households with higher stocks values could afford to take risks (Walelign et al.,
2017) and rely on the livestock in times of climate shocks (Jones & Thornton, 2009). As
expected, households with a higher number of animals adopted more on-farm management
and technology-based practices, such as the improvement of animal housing conditions,
including milking facilities. They also took a chance on technologies such as making silage to
improve feed availability, as well as employing manure management practices. This also
suggests that the more animals the farmers had, the more production inputs they required,
such as feeds, for example; thus making it more is feasible to adopt related adaptation
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practices. In addition, higher animal holdings also encouraged increased adoption of
government services such as the community milk processing centres. This confirms the
results of previous studies which suggested that animal holdings serve as the wealth of
farmers (Tewolde, 2010; Wiendl et al., 2015), allowing them more access to related resources,
thus facilitating adaptation. For instance, accessing animal loans requires a certain amount of
land for forage area, and the extent of technical services that farmers can avail directly
depends on the number of animal holdings (Palacpac et al., 2016).
Conversely, we found that the more animals the farmers have, the more they reduce
household expenditures to cope with cash deficits. These results suggest that households with
a higher number of animals are more able to anticipate future cash needs, though it could also
mean that their assets are invested into their farms or other non-tangible farm capitals such the
animal stock itself. Livestock takes the role of a form of saving and insurance for many rural
households (Millar & Photakoun, 2008; Nakamura et al., 2017).
Farm size also determines the choice of an adaptation practice. As expected, the larger the
farm, the more farmers opted for more resources, such as investing in their own irrigation
systems, which we found in the form of deep wells. Likewise, the larger the farm, the more
farmers seek assistance by adopting governmental programs such as farm capitalisation and
other financial programs. Farmers who cultivate bigger land areas were more likely to adopt
adaptation practices because they could afford to devote part of their fields to test the
improved technology (Uddin et al., 2014). It may also be the case that those with large land
areas could use the economies of scale for higher outputs, thereby using less adaptation in
their farms. Moreover, we found a negative influence of farm size on adoption of most
household financial adaptation practices. This indicates that farm size is directly proportional
to the level of farmers’ resources. Thus, the larger the land area, the more financially stable
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the farm households are, and the lesser the tendency to sell household assets, reduce
household expenditures, or seek a source of supplementary income.
The location of farms is critical in the adoption of adaptation practices. The distance to the
nearest market is used as a proxy for the availability of input and output markets (Amare &
Simane, 2017). A greater distance from the farm to the market indicates poor access that will
constrain adoption due to limited access to sell their products or deliver farm inputs. The more
distant households are from the markets, the less likely they adopt adaptation practices, such
as farmer’s use of conservation technologies (Lapar & Ehui, 2004). Amare & Simane (2017)
demonstrated that a unit increase in hours walking from the home to the main market would
decrease the likelihood of using agronomic practices. Similarly, we found that the distance
from the farms to the main market is negatively associated with the adoption of feed
technologies such as making silage. The farther the farm is situated from the market, the less
likely they adopt new practices or technologies. For example, farmers would just graze their
animals or seek forage in the neighbourhood rather than use silages, the preparation of which
might not be feasible or might be unavailable in their village. Moreover, the greater distance
for a farmer to access the market may discourage farm households from engaging in other
farm activities; thus labour use is not optimised. This undermines the potential benefits of
adopting other adaptation practices.
Land ownership is a major productive asset and a wealth indicator of farmers (Mishra, 2002).
We found a negative influence of land ownership mainly on short-term household financial
adaptation practices, such as selling household assets and reducing household expenditures.
Farmers who do not own land or are farming on shared land, which we found common in the
study area, were not likely to adopt major farm management and technology-based practices.
Access to land can dictate whether one has the capacity to undertake intensive practices
because land ownership uncertainties reduce incentives for investing in climate-resilient
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technologies (Morton, 2007). Long-term adaptation is likely to be implemented by
households who own the land and have the security of tenure (Lovo, 2016). Tenants, on the
other hand, are more cautious about taking measures as it may affect their income (Abid et al.,
2017).
Institutions
Institutional related factors including climate information, agricultural insurance, credit
facilities, and extension services are central to adaptation process and managing agricultural
risks (Agrawal et al., 2008; Abid et al., 2017). Surprisingly, the source of climate information,
either from mass media (i.e. radio and television) or from official weather forecasts, which
would have been helpful to promote adaptation, was not a significant determinant to farmers’
adaptation in our study. We may, therefore, postulate that the relevance of better climate
information, not necessarily the source, influences farmers to take adaptation decisions; for
example, we noted that social media disseminated the same information as the government
weather stations, such as if a typhoon is coming, but this information is not what farmers’
mainly need. Instead, they require other types of climate information, not just when an
extreme event is coming, so they can plan or take adaptive actions. Major climate information
should include early warning signals and the specific implication of weather forecasts during
each stage of production process, which are found relevant to the improvement of farm
practices, such as in allocating inputs, pest and disease, and price management (Phuong et al.,
2017). Moreover, many studies prove that better access to climate information increases the
likelihood of adopting adaptation practices, such as the use of irrigation and diversified
farming activities in response to climate change challenges (Bryan et al., 2013; Uddin et al.,
2014; Lasco et al., 2016).
Agricultural insurance is considered to be a risk management option, thus facilitating
adaptation (Glaas et al., 2017). As reported by our farmer respondents, we refer here to crop
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insurance via governmental program (i.e. rice & corn), as livestock or animal insurance may
not exist. We found that farmers who had access to insurance were likely to adopt other
governmental facilitated practices such as reinvesting loans and accessing community milk
processing centres. This finding suggests that crop insurance can complement with other
adaptation practices, which may serve as ‘multi-pronged strategy’ to adapt or manage risk and
encourage coordinated adaptive action from related institutions. On the other hand, this may
also imply that those who don’t have access might not be able to adopt and benefit from other
related practices. As expected, agriculture insurance had a negative influence on farmers’
decisions to out-migrate to the nearby urban cities for better jobs. This may suggest that
farmers with insurance were likely to recover more quickly from crop failures, thereby
increasing the livelihood security of their own villages.
Our findings confirmed that the availability of livelihood credits encouraged the adoption of
adaptation practices. Generally, smallholder farmers have insufficient savings or limited
resources. Credit eases household’s cash constraints, enables farmers to invest in improved
technologies, and increases their ability to buy farm inputs in critical times, such as when
crops fail (Lapar & Ehui, 2004). This explains why farmers who have access to credit are
more likely to invest in their own irrigation systems, and make silage to ensure feed
availability. Taking part in organised milk markets secures regular buyer of milk and other
farm products, and these markets are usually the main credit providers in the villages. This
may imply that credit institutions have an important role in promoting and facilitating the
adoption of adaptation practices.
Extension support services are also crucial factors in farmers’ decision to adapt because they
reduce uncertainty and provide information about adaptation practices (Bryan et al., 2013,
Uddin et al., 2014). For example, farmers who have access to extension services are likely to
decrease supplementary feed purchases because better information on feeding technologies
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may enable them to manage their feed requirements. Extension support services across the
villages are mainly provided by local government and greater access is channelled through
farmers’ cooperatives. Farmers who have access to extension services are more likely to be
motivated to adopt more adaptation practices because constant extension support may
increase farmers’ recognition of potential benefits of such practices, thus facilitates
adaptation.
5.6

Conclusions and policy suggestions

Examining different adaptation practices in detail reveals a considerable number of options
for climate change adaptation in dairy buffalo production. These adaptation practices arise
from the continued developmental effort, both from public (government) and private (NGOs,
cooperatives) institutions. Farmers’ decisions to adapt are influenced by several interrelated
factors, driven by multiple reasons, not just climate change. Adaptations at farm level are
conditioned by individual farmers’ attributes, as well as the prevailing socio-economic and
institutional environment that surrounds them.

This partly explains our results, in that

although we already grouped adaptation practices accordingly into the same categories,
similar adoption behaviour could not be predicted from all farmers. Even if evidence of
adaptation is apparent among dairy buffalo villages, there is no single factor that may explain
how and why a farmer takes a particular adaptation practice.
Several factors that influence farmers’ decision to adopt adaptation practices were identified
in this study. The empirical approach complements the previous methodological literature that
had been used to identify the determinants of the adoption of adaptation practices by
smallholder farmers. In this study, it was shown that farmers’ education level, animal
holdings, farm size, land ownership, agricultural insurance, and the availability of extension
services and credit support often positively influence who adopts what practices. This finding
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reinforces which aspects of local policy need more consideration in order to facilitate
adaptation at the farm level.
Likewise, education plays a significant role in facilitating the adoption of adaptation practices
as implied by the results of this study. Farmers’ education level must be complemented with
extension support services in the forms of technical training and knowledge dissemination
across the villages concerning adaptation practices and related technologies. For example, the
adoption of animal health and breeding improvement practices should be sustained with
regular provision of services and monitoring of wider adoption across the villages. Although
there is merit in providing experts and technicians for extension support, farmers themselves
should be capacitated on the potentials of adaptation practices to ensure successful adaptation.
Although training and extension activities existed, these should generate a positive impact
rather than serve as a constraining factor to adaptation. Effective extension needs a wider
reach and timely response, regardless of farmers’ personal circumstances, such as the distance
from the farm to market and the number of animals they have. The current modalities for
extension education should also be examined further such as the Farmers Livestock School.
The current plan for wider FLS implementation will need to be opened to other villages,
where most aspects of dairy buffalo production need more development, such as in places
where the presence of farmers cooperatives is inactive. Since there seems to be a growing
network existing among farmers’ organisations across the villages, a collaboration between
government sectors is needed to provide stronger institutional support to encourage learning
and increase the adaptive capacity of farmers.
Policies that will enhance the economic capacity of farmers in order to adopt and access
adaptation practices also need to be considered. Given that non-adoption of adaptation
practices means limited farm size, fewer animal holdings, no land entitlements, and no access
to insurance and credit, it is fundamental to enhance farmers’ economic and resource base.
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Specifically, policy options that will respond to credit constraint should be considered through
the increased and equitable allocation of agricultural credits for livestock farmers. As
mentioned by our respondents, agricultural credits in the country are largely biased towards
croppers, particularly large-scale rice and corn farmers. This is also particularly true for
agricultural insurance protection provided by the government. Livestock insurance is nonexistent, or if there is any, the information may not be well disseminated. In this case,
collective institutional innovations between both government and private sector (farmers
organisations) will likewise expand farmer opportunities in accessing related resources to
enhance financial capital. For example, developing complementary approaches to policies that
will provide resource entitlement for smallholder farmers, such as animal loans and wider
dispersal schemes (improved dairy buffalo stocks). Irrigation systems need equitable
distribution to benefit smallholder farmers across the villages regardless of farm size and
distance.
Finally, adaptation needs to be integrated into dairy buffalo subsector development. Dairy
buffalo development intervention necessitates climate-resilient practices and technologies that
consider productivity risks posed by climatic changes. As farmers adopt and adapt to their
own resources and needs, adaptation need be framed in the context of smallholders’
livelihoods. Moreover, the existing evaluation measures on the effectiveness of the identified
practices are focused on animal biological and technical performance. Further evaluations of
these identified practices and technologies are needed for suitability to farmers’ socioeconomic conditions. It is therefore suggested that in formulating an adaptation plan for the
dairy buffalo subsector, assessment on how climate risks impact livelihoods is necessary.
Development interventions must also not overlook the causes of productivity losses due to
climatic changes, or the options for making climatic changes less threatening to farmers’
livelihoods.
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6.1

Chapter Highlights
•

The study examined the livelihood adaptation process of smallholders in the
Philippines.

•

Empirical findings show a shifting focus from cropping to buffalo dairying across
villages.

•

Milking water buffaloes serves as a buffer activity against income and climate
extreme shocks.

•

Farmers voluntary take adaptation actions that reflect the dynamics of their
livelihoods.

•

Integrating adaptation into existing water buffalo sector’s development program is
suggested for smallholders’ climate-resilient livelihoods.

6.2

Abstract

Livelihood transitions in most agricultural nations are conditioned by changes in both
human and climate systems. In the Philippines, climate change related extreme weather
events such as typhoons, floods, and droughts have detrimental impacts on crop
production and have significantly affected the livelihoods of cash crop focused rural
villages. A shift from crop to livestock production is emerging as a buffer activity to
recover from crop losses; however, whether this adaptive response is viable is still
unexplored. The aim of this study is to understand how farmers perceive water buffalo as
a transformative opportunity and how they use water buffalo in the adaptation process to
sustain their livelihoods when the climate becomes more volatile. Data were collected
from farming villages in the Nueva Ecija province, Philippines using mixed methods. It
was found that farmers' livelihood patterns evolved as economic consequences of
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recurrent crop failures caused by typhoons, flooding, and dry spells. Farmers’ changed
their farming activities as an adaptive response driven by past experiences of climatic
changes, farmers’ social relations, household capacity, and resources available. The
increasing trend of shifting to water buffalo dairying demonstrated farmers’ preferences
for less risky sources of income in lieu of the opportunities and options available. Thus,
local adaptation can be understood to be an outcome of both farmers’ livelihood survival
strategies and the institutional dynamics in their localities. The results imply a need to
integrate adaptation programs that are linked to local livelihood development. This study
concludes by suggesting issues to be considered for water buffalo dairying as a viable
adaptation option for climate-resilient livelihoods.
6.3

Introduction

Major global changes in both climate and social systems induce livelihood transformation
and pose immense pressure to the ~570 million smallholder farms worldwide (Leclère et
al., 2014; Lowder et al., 2016). Smallholder production systems are known to be
vulnerable, yet remain as the backbone of agriculture in developing regions (Morton,
2007). Smallholder farmers manage less than two hectares of land each, operate about
75% of the world’s agricultural land (Samberg et al., 2016), and produce as much as 80%
of the food consumed in Africa and Asia (FAO, 2013). Mostly occurring in the form of a
mixed crop-livestock system, smallholders often optimise the utility of both components:
cash crops mainly for income generation, and livestock as capital assets (Devendra &
Thomas, 2002; Tarawali et al., 2011). However, the repercussions arising from the
serious impacts from climate changes to smallholder farmers’ livelihoods demonstrate
that a better understanding of their production systems is needed (Thornton & Herrero,
2015; Ghahramani & Moore, 2016).
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In the Philippines, recurring crop failures due to more frequent typhoons, flooding, and
dry spells have hampered the cash-oriented smallholders’ farming economy. In rice
production,
for instance, a return period of 13 years is needed to recover from losses caused by a
recent typhoon (Blanc & Strobl, 2016). Shifting to livestock-based livelihoods is
increasingly recognised as a buffer activity to recover from crop yield and income losses.
This transition trend is similarly observed in other developing countries in South East
Asia (Devendra, 2012) and Africa (Jones & Thornton, 2009). For example, beef cattle
production in Vietnam is viewed as smallholders’ transformation to take advantage of the
increasing demand for meat (Stür et al., 2013). Livestock production is also considered as
an evolution for upland livelihoods in the Lao People’s Democratic Republic (Millar &
Photakoun, 2008), and is crucial for livelihood transitions in the African region (Jones &
Thornton, 2009). Understanding how farmers take livestock as a transformative
opportunity is important to local policy design, and to determine its potential for more
adaptive and sustainable livelihoods. However, there are limited studies on livestock’s
role in adaptation process under the smallholder livelihood systems context (Phuong et
al., 2017). The pastoralism system is an exception, as it has been widely studied in Africa
and other arid regions, though studies in the Asian setting are very limited (Escarcha et
al., 2018).
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This study considers water buffalo production (Bubalus bubalis) in response to the
livelihood challenges by following the Carabao1 Development Program (CDP) in the
Philippines. The CDP exemplified a case of sustained developmental agenda for small
farm settings in rural villages, mainly to provide farmers with a supplementary source of
income from meat and milk in addition to draft and hide (Cruz, 2013). The emphasis on
water buffalo is based on climate suitability and its multifunctional role in smallholder
farmers’ livelihoods. Shifting from cash crops to dairy buffalo is emerging as an adaptive
response mainly in pursuit of income security of farmers. However, the question of why
and how farmers are taking water buffalo as a potential lever for adaptation is still
unexplored.
Accordingly, some contend that livestock are a potential resource for livelihood
adaptation amidst climatic changes, as well as the other challenges that farmers are facing
(Diniz et al., 2013; Thornton & Herrero, 2015; Hänke & Barkmann, 2017). This is due to
the robustness of some livestock species, the capacity to survive in hot, dry conditions
and to explore larger areas, their resistance below thresholds of feed requirements, and
that they are easy to exchange for other assets (Devendra & Leng, 2011; Tarawali et al.,
2011). However, there is a lack of evidence that the shift from crop to livestock
production has been a viable climate change adaptation strategy that can sustain farmers’
livelihoods.
The aim of this study was to understand water buffalo’s role in the livelihood adaptation
process and to present the dynamic ways in which water buffalo production can

1

The ‘carabao’ is local term for Asian water buffalo (Bubalus bubalis) in the Philippines or called ‘kerbau’
(in Indonesia and Malaysia). To understand the diverse variety of Bubalus bubalis including the one in the
Philippines, see Barker et al., 1997.
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contribute to farmers’ livelihoods. In doing so, livelihood trajectories were examined to
draw empirical evidence of livelihood patterns, changes, and transitions over the past
decades, and on the process, explore the climate change adaptation that arises across
farming households and villages.
6.4

Conceptualising adaptation and livelihood trajectories

Climate is one defining features of farming livelihoods. Smallholder farmers are a
repository of rich traditional knowledge and practices, and have always adapted and
developed farming systems in response to both constraints and opportunities faced over
time (Netting, 1993; Altieri & Koohafkan, 2008). However, as climate extremes become
more frequent, adaptation occurs often in ad-hoc approaches, which are normally a
reactive type of climate adaptation (Smit & Skinner, 2002). In contrast are long-term
adaptation plans, not only in response to a sudden event but to the cumulative impacts of
climate change. Farmers are likely to be able to adapt autonomously by interpreting the
signals of climate change with appropriate adaptation strategies (Easterling et al., 2003),
and that the chosen strategies make them better off (Seo & Mendelsohn, 2008).
In this study, we assume that the decision to shift from crop to livestock production is
consciously made by farmers more than just an adaptation response to climate change, but
also to preserve household livelihoods2 (Adams et al., 1998; Ellis, 2000). There is
increasing evidence on how autonomous adaptation occurs and reflects existing
livelihood strategies and connects with planned adaptation within developing countries

2

A livelihood can be defined as the best expression of the idea of an individual or a group striving to make
a living, attempting to meet various consumption and economic necessities, coping with uncertainties,
responding to new opportunities, and choosing between value positions (De Haan & Zoomers ,2005).
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(Smit & Pilifosova 2003; Ayers, 2011). These studies have also indicated that the
capacity for local adaptation can be planned because autonomous adaptation might not
occur spontaneously but according to how certain changes impact on local needs and
livelihood strategies (Forsyth & Evans, 2013).
To understand the livelihood dynamics and adaptation process, we used the livelihood
trajectory approach (Bagchi, 1998). Livelihood trajectory can best illustrate experiences
of smallholder farmers’ over time, as it has been used to describe the direction and pattern
of individuals or groups of livelihoods embedded in historical repertoire and social
context (De Haan & Zoomers, 2005). Mostly used in the context of development
intervention, livelihood trajectory is increasingly important in exploring shocks and
stresses in relation to vulnerability (West, 2013), beyond the descriptive analysis of
livelihood capitals (McLean, 2015). Further, livelihood trajectory is constituted by
arrangements within the realms of family, community, state, and the private sector (Dijk,
2011). It allows a deeper penetration of the beliefs, needs, aspirations, and limitations of
peoples’ lives, and is also contextualised in relation to power and institutions (De Haan &
Zoomers, 2005).
As for livestock systems, interactions with the other livelihood factors are closely linked
to the evolutionary framework of local farming economies. Livestock production is
directly proportional to the level of population density (Delgado et al., 2001). Besides
environmental factors, the evolution of livestock is driven by more complex socioecological factors influencing farmers (Thornton, 2010). Growth in livestock production,
termed as livestock revolution was also linked to major societal changes, as in population
growth, rising incomes, and progressive urbanisation (Delgado et al., 2001; Millar, 2008).
In this case, it is assumed that by examining livelihood trajectories under of smallholder
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farming context, the adaptation process will be better understood, and that the shifting
focus from crop to livestock-based livelihoods will be justified holistically.
6.5
6.5.1

Data and methods
Study area

The Nueva Ecija province located in the Central Luzon region, Philippines was selected
for this study to represent a case of farming livelihood transition research in the country.
Agriculture is the key industry in this area which has extensive flat alluvial plains,
facilitating crop cultivation as the main source of peoples’ livelihoods. Commonly known
as the rice granary of the Philippines, farmers in Nueva Ecija are leading producers of rice
- the country’s staple food. Nueva Ecija is fundamental to the country’s agricultural
economy as a major agricultural production corridor. Most of its villages produce various
foods and commodity crops both for household consumption, and the regional and
national markets (PSA, 2017).
For the past 30 years, Nueva Ecija’s crop oriented production system has been threatened
by

progressive

urbanisation,

with

developmental

direction

heading

towards

industrialisation following the trend of the Central Luzon region (PSA, 2017). Rice fields
compose about 28% of the total land area, but about 25% of rice and vegetable farms had
been converted into non-agricultural commercial areas (PSA, 2016). Nueva Ecija
farmlands were registered at 223.8 thousand hectares in 1991, but are now down to 196.3
thousand hectares (PSA, 2016). The number of farms decreased by 5% from 132
thousand-farm units, down to 125 thousand-farm units. The farm size is slowly getting
smaller to a current average of 1.6 hectares. Likewise, many farmers are being deprived
of their means of livelihood, especially considering the 2.1 million people living in the
province have an annual growth rate of 1.84 (PSA, 2017).
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Alongside socio-economic developments, climatic risks also continuously pose a
challenge to farmers by negatively affecting crop yields (Bohra-Mishra et al., 2017).
Climatic variability and changes, particularly increasing temperature pattern became
apparent from the historical data since the 1990s (Trouet & Van Oldenborgh, 2013).
Manifestations of extreme climatic events were also widely perceived by farmers in
(Escarcha et al., 2018) while dry spells and drought in the area are predicted to increase
(PAGASA, 2015). There are two rice production seasons a year in Nueva Ecija: a dry
season (characterised by limited rainfall, few typhoons, and higher temperatures) from
December to April, and a wet season (characterised by frequent rain showers and
typhoons) from late May to November. Many farming villages are affected by typhoons
(average of 8 per annum), and most farms are near or bounded by rivers or creeks, which
make them more susceptible to flooding. Extreme weather events such as dry spells and
drought are also predicted to increase (PAGASA, 2015).
6.5.2

Farming and production patterns

Smallholder farming in Nueva Ecija has meagre resources, especially land where farmers
try to maximise their profits through a mix of livestock and crop production. Livestock
production usually involves the entire family, including the women and children
(Devendra & Thomas, 2002). Although farmers are predominantly smallholders, farming
in Nueva Ecija is no longer categorised as subsistence, which is a common
characterisation of smallholders (Garner & de la O Campus, 2014). Farming practices
have advanced in terms of inputs such as seeds, fertilisers, and small farm machinery such
as tractors and harvesters. However, as profit from rice and cropping is highly dependent
on input costs (Mottaleb & Mohanty, 2015), with soaring prices, the income of farmers
remains low (PSA, 2016).
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Farmers’ production patterns were predominantly driven by cash crops; mainly rice, corn,
onion, and garlic. A dramatic decline in the yield of garlic was recorded from 1995 as a
result of damages from typhoons and became relatively flat since 2000 (Figure 6-1). Rice
and onion, considered as top crops by farmers, similarly had volatile growth but also
slipped into a decline from 2014. Corn, however, is slowly increasing in volume, as is
water buffalo since the declining pattern reverted around the year 2000.

Figure 6-1: Historical production volume changes of major crops and water buffalo, plotted against loses
from typhoons and El Niño damages in Nueva Ecija province, Philippines.
(Data sources: PSA: Philippines Statistics Authority, http://psa.gov.ph;
and PAGASA: Philippine Atmospheric Geophysical and Astronomical Services Administration.
Philippines: http://www.pagasa.dost.gov.ph)

Moreover, water buffalo keeping still exists and has thrived in many villages in the
Philippines despite farm modernisation (Cruz, 2013) with around 2.88 million
headcounts, and operated by 99.7% smallholders (PSA, 2017). Water buffalo is regarded
as a significant part of the farming culture, a common and valued resource for farming
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households’ in rural areas. Adoption of CDP related technological interventions are high
that dairy water buffalo production is believed to have played a key role in the transition
of small-hold farming livelihoods.
6.5.3

Data sources and analysis

Figure 6-2 describes the data collection and analysis used in this study. An exploratory
sequential design was applied in the data collection process using qualitative data to
inform the qualitative household survey (Creswell & Plano Clark, 2011). Qualitative
methods included direct observations and key informant interviews, followed by the
complementary household survey. The data collection was undertaken between January
and October 2016.

Figure 6-2: A mixed method conceptual design of the data collection process (exploratory sequential)
and analysis (convergent concurrent), modified from Guest (2013).
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Direct observational data of underlying livelihoods and socio-environmental processes in
the area were undertaken via field notes and supplemented with secondary statistical data,
mainly from an online repository of the Philippine Statistics Authority (PSA). The
interviews were semi-structured, and a narrative approach was adopted to collect in-depth
information on livelihood systems characteristics of the villages, notable changes in social
and climate systems, perceptions of climate change impacts, livelihood challenges, and
common adaptive responses to these challenges. The key informants were either the
chairs or officers of farmers’ cooperatives, which were randomly selected from villages
across the study area.
The household survey was administered face to face with only smallholder3 household
heads using a structured questionnaire developed from the qualitative data collected. A
sample of 30% of farmers was randomly selected from a list of smallholder water buffalo
farmers provided by the PCC. Of the selected 310 farmers, only 298 completed the survey
and were included in further analysis. A more detailed data on household’s sociodemographic profile, economic or livelihood resources data, livelihood activities,
challenges, and adaptation strategies were collected. These quantitative data revealed the
patterns of responses across the study sample.
A convergent concurrent design described by Guest (2013) was employed in the data
analysis because the data sets from each method were analysed separately and mixed in
the presentation of results and discussion (Creswell & Plano Clark, 2011). Qualitative
data were analysed using a systematic qualitative content analysis in NVivo11. This

3

We adopted the definition of smallholder from the Philippine Statistics Authority (PSA), which are farms
with no more than 20 head counts of animal (mixed age).
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included coding and identification of emerging themes. The individual themes were
identified first consisting of farmers’ overall contexts such as social environments,
climatic challenges, economic resources, and livelihood motivations and strategies. In
order to identify how different themes knit together to form a whole, the themes
relationship to each other was mapped out diagrammatically using the model explorer
tool in Nvivo (Bazeley & Jackson, 2013). The inter-relationships between the identified
themes were visualised through inductive interpretation.

Quantitative data were

transformed using SPSS23, and descriptive tests were employed. Common findings were
drawn together, with the qualitative information providing an explanation for the patterns
observed in the quantitative survey findings.
6.6
6.6.1

Results
Household and livelihood characteristics

The mean age of respondents was 9.8 (SD: 7.9) and the average household members 4.9
(SD: 1.2). Almost all (98%) produced a mix of crop and livestock on 2.08 (SD:0. 9)
hectares of land on average. Land was either owned (53%) or shared or leased (47%)
among close family members (between brothers and cousins). Land was allocated for
different farming activities such as rice cultivation (78%), forage production (60%),
animal sheds (86%), and other cash crops (25%). Respondents kept a herd size of eight
water buffalos on average (either purebred or crossbred), with a range of one to 20, and a
median of six. Farm labour depended on the number of animals raised and milking
caracows (mature female buffalo that has given birth). Most often, labour was shared by
the household head and their wife (78%), or with their children during their non-school
days (16%). Some farmers hired labour (23%, particularly those who have ten headcount
or more animal holdings), mostly for collecting fodder and maintaining the milking cows.
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The average distance to the nearest road was 0.8 km (SD:0.6) and to the nearest market
was 6 km (SD:1.9).
Livelihoods were not limited to farming. Almost half of the respondents (46%) were
involved in other income generating activities, mostly during the off-planting season.
This included driving public transport and a temporary labour migration to nearby cities
(mostly for construction work). Cash constraints in each household limited the scale of
off-farm activities, so some women (18%) engaged in petty trades like the selling of
homemade food products such as pastries and local delicacies. Many farmers (86%)
availed animal loans (dairy stocks) and cash loans (67%) used for buying crop-faring
inputs (seeds, fertilisers, pest controls) mainly from private lenders and through their
cooperatives. About half (52%) had a negative cash balance (farm income/household
expense flow) while 48% had positive farm revenues. Farm capital investments were
allotted mostly on farm equipment, animal housing (shelter and milking area), and dairy
stocks (water buffalos).
6.6.2

Water buffalo’s functions to farmers’ livelihood

The reasons for keeping water buffalo were motivated mainly by the need for alternative
livelihoods, or specifically income source (95%), and others through intervention of
related non-governmental associations (42%), government programs (28%), and to
continue family practice (24%) and passion for water buffalo keeping (6%). Water
buffalo were valued for their multiplicity of functions, with most farmers having
benefited from selling live animals (94%, mainly males and culls), milking (86%),
traction/power service (70%), sales from manures (39%) and processing further their
products (3%, local milk-based pastries). Further, household survey respondents have
mentioned that production decisions were mainly driven by the objective to earn more
income, mainly to gain tangible benefits through cash sales from their products. Increased

202

CHAPTER 6

stable income from milk, compared to cropping, motivated 73% of farmers to focus on
buffalo dairying.
Next to income source, water buffalo function as a buffer to households in case of
unexpected family cash needs and as insurance mechanisms during crop losses. All
respondents stated that they were both producers and consumers, but rarely did they keep
water buffalo derived products for self-consumption (Table 6-1). Rice was mentioned as
the most crucial stable food for self-consumption, but the milk and live animals (slaughter
for meat) were mainly sold in the nearby urban areas where there are consistent buyers
and demand. The importance of water buffalo to social integration was ranked at least
important reason. Farmers have mentioned that offering or slaughtering their animals as a
social obligation (e.g. weddings, village fiestas (religious celebrations of the birth of a
patron saint), or funerals) were no longer appealing in times of economic hardship. The
median difference among and between the rankings is significant (p < 0.001). The
resulting Kendall’s coefficient of concordance value (61.4%) indicates that our
respondents strongly agree with each other on their ratings of water buffalo’s function to
their livelihoods.
Table 6-1: Friedman' tests result showing water buffalo's buffering functions to farmers livelihoods,
N=298.

Livelihood
function1

Reasons for importance

Income

For buying viands2,
Household basic items

4.73

0.45

5.42

Buffering

Covering
unexpected
costs,
or
insurance mechanisms in
case of crop losses

4.28

0.65

4.81

Accumulation

To increase income
and production, buying
more caracows

3.34

0.76

3.48
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Consumption

We cannot afford to buy
milk and beef

2.58

0.59

2.45

Social integration

To be able to work with
other farmers and call
them for assistance

2.08

0.81

1.82

Friedman Test

χ2 (5,
p<0.001

Kendall's W

0.614

a

6.6.3

N=298)

=914.54,

The higher the mean rank of a function, the greater the level of importance in the livelihoods.

1

Categories adopted and modified from Dorward et al., 2005.

2

A viand is a meat, seafood, or vegetable dish that accompanies rice in a typical Filipino meal.

Livelihood trajectory and the emerging trend of water dairy buffalo dairying

Profit was the main push factor in farmers’ livelihood decisions and activities. The
household survey revealed the reliance on farming and the changes in farming activities
in terms of both crop and livestock components. Farmers never relied on one livelihood
activity alone as a source of income but diversified their activities while always focusing
on those with the highest returns. The shifting trend from cropping to buffalo dairying
was reflected in the pattern of income contributions of each farm components (Figure 63). Between 1990 and 2010, crops contributed to over 90% total income. After 2010,
income from water buffalo dairying exceeded the share from crops, and the shift to
livestock production started.
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Figure 6-3: Reliance on farming and the evolution of major contributors to total household income,
Nueva Ecija, N=298. Data source: Household Survey.

Accordingly, the analysis of the interviews with the key informants confirmed this trend
and revealed two major reasons for the choice of livelihood or income generation
activities. The first reason was the market-related factors. Farmers’ livelihood strategies
were strongly market-oriented, while most of the key farmer informants reiterated that
cropping choices were largely driven by market demand; however, unpredictable product
sale prices were a constant battle for farmers’ whenever harvest season came, especially
for rice and onions. The second reason was increasing negative impacts of climate-related
disasters. All the key informants recalled and considered farming to be linked to their past
harvest experiences. Cropping was often at a loss because of either flooding or lack of
irrigation water during El Niño periods, and strong winds brought on by typhoons.
For example, one of the key farmer informants described his almost 50 years of farming
experience as results of factors that were mainly beyond their control. He further
described farming as the struggle to have a better life for his family;
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“I was one who earned a jackpot when the onion market favoured us years ago.
There were consecutive harvest times that I was able to build this concrete house
from my 2-hectare land, send all my children to school, and to not worry about
the following planting expenses. However, when onion prices dropped, all of us
here suffered even when harvests were good, as no traders came to buy, or there
were a few that offered a very low price. I don’t know why… they just said that
they were many onions now in Manila. I have heard they were imported. In those
times many of us lost money, and were in debt, so I decided to rent out my two
hectares of land. I tried to find a job in Manila, but I returned. I couldn’t live
there. I resorted to planting rice again, but it was not really good. Fertilisers were
too expensive now, aside from the not so good price, and harvests were so low
because of either too much rain or no water at all. Worst if we have flooding and
these typhoons, harvests were not even enough for a family to use. Then I’ve
heard about this ‘carabao loans’ that I can earn cash from milk. In 2007, my wife
and I started to learn dairying. Now half of my land still has rice, and on the other
half I have Napier grasses and corn for my animals. It is hard work, but now we
have a salary from the milk we sell, and my youngest will finish university soon.”
– (KI 8, 28 June 2016)

Several other key informants (80%) made similar statements about specialising in buffalo
dairying. When asked about how their livelihood changes, farmers explained that their
occupation did not change, as they are ‘farmer’ still, but they just changed what they do,
as well explained by a male informant’s experience:
“As a farmer, if you know what to do you will still earn and never go hungry. We
always plant vegetables and everything as possible. Vegetables were very
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productive, and we can sell soon while waiting for rice, but the weather lately is
so bad. Too much rain and typhoons always come in surprise. We also raise
animals to save for bigger expenses. My wife had been raising pigs to save for
children school fees, but we stopped because the feeds become so expensive; pigs
now don’t grow if you only give leftover foods and rice bran. My friend invited me
to get this caracow from PCC. It was also hard because you need to take care
really of these animals or they will not give you more milk. My wife and I must
wake up as early as four in the morning to start milking, after which we collect
forage and bath them. I have four now giving milk. We only get our income from
here because if you work hard, they will give you milk every day. I’m happy that
one of my cows gave 12 litres today. My rice is only for the family; I only sell if
have extra.” – (KI 16, 20 July 2016)
6.6.4

Causal factors to livelihood changes

Figure 6-4 illustrates the interplay of causal factors to changes in livelihoods, highlighting
the interrelationships and links of livelihood security of farmers in the Nueva Ecija
province. Content analysis of qualitative data from key informant interviews and direct
observations showed three inter-related themes as causal factors to livelihood changes:
societal pressures, climatic changes, and the subsequent effects to the livelihood resource
pool of farmers.
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Figure 6-4: The interplay of causal drivers to farming livelihoods, highlighting a pattern of relationships
and link for livelihood security of farmers in Nueva Ecija province, Philippines.

Positive polarity on the arrows indicates variables are directly proportional to each other
(e.g. when farm income increases, household welfare increases). A negative polarity
shows opposite direction of change in the next variable (e.g. when the extent of societal
pressure increases, livelihood resources pool decreases).
Both of these societal pressures and climatic changes reinforced the livelihood resources
pool of farm households, which consequently influence their livelihood outcomes.
Farmers have indicated these societal factors to further influence their resources mainly in
terms of availability or access to irrigation, farm mechanisation, labour, farm size,
traditional knowledge, social networks, and local institutional supports. Climate change
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impacts were generally linked to limited access to irrigation and other resources such as
updated climate knowledge, information, and extension supports.
Societal related causal drivers were land fragmentation, urbanisation, and increasing local
population and demands for animal-based products. Land fragmentation became an
emerging constraint to farming livelihoods. This was evidenced by the size of farmlands
getting smaller because of the growing tendency of locals to sell agricultural land at an
attractive price, for conversion to residential areas, or it had been part of rapid
infrastructure development trend in the region. Reduction in land size has far-reaching
implications to production, and to the growth of farming livelihoods. Land that was
getting smaller was identified as a major factor contributing to livelihood difficulty, that
smallholders, even with high productivity levels, are not able to generate enough income
to sustain the needs of the household. As one respondent articulated;
“In farming, the wealth came from land. My father told us that if we stand at least
on our own land, we can survive. I can’t say we are rich but when I was young we
had. I think, over 5 hectares. He divided it among us children. This is my share,
around 2 hectares…and the only portion left now…my brother sold his part and
used the money to trade because he doesn’t want to plant anymore…my younger
brother also left for a good job, and I’m sharing his rice farm for now. I need
more land for grasses and forage, so I’m planting corn also. I like it here, now
that my animals are giving me a fortune. I can sell as much milk as I can produce
as I have a good buyer now.” – (KI 11, 12 July 2016)
Direct observations reflected Nueva Ecija being an urbanising rice granary that also
triggered livelihood developmental changes. Construction of quality market roads has
undeniably favoured good market access, including delivery of farming inputs and
services. In the past 30 years, it was observed that the traditional and labour-intensive
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small-hold farming Nueva Ecija had been replaced by modernised way of production.
Technological

changes

evidenced

by

farm

mechanisation

and

infrastructure

improvements (e.g. roads and irrigation systems) were visible across villages. For
example, 87% of survey respondents used modern farm machinery such as tractors and
harvesters in rice cultivation. This came along with substantial road and transport
developments.
Population growth also favoured product markets because of increasing demand for milk
and meat. Related shops and agribusiness opened up in towns and rural areas. Some
farmers have mentioned that feeds and fertilisers sellers allowed credits and offered free
delivery service to their farms. Besides cooperatives and formal purchase markets in
towns, private traders (e.g. milk collectors) came on-site to buy their farm products. The
majority of respondents (95%) agreed that these arrangements had made selling their
products more convenient, especially for women and elderly farmers who cannot carry
heavy physical loads, and farmers who don’t have hauling vehicles. However,
unpredictable market movements and lack of related policies, for example on the
reasonable pricing of farmers produce, often resulted to livelihood instability.
Climatic uncertainties manifested in variabilities (rainfall and temperature) and extreme
events (heat, drought, flooding, typhoons) directly posed negative impacts on livelihoods.
Rainfall variability and the more frequent and stronger occurrences of extreme weather
events were among the causal drivers of water availability, a crucial resource for farming.
Although irrigation systems are established in Nueva Ecija (survey respondent’s farms
were 40% fully irrigated, and 51% partially irrigated), distribution did not reach all farms,
especially in drought periods where more water was needed. Conversely, dams and water
reservoirs were not able to hold water during heavy rains, with spillages that added to
flooding. More frequent flooding caused serious damage and loss in crop production, and
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most farmers recalled in the household survey that the heavy flooding due to monsoon
rains and typhoons always came before the crops harvest times.
6.6.5

Livelihood adaptation dynamics

Survey results showed strong social networks and farmers’ cooperation determined the
livelihood dynamics in the area. All of the farmers surveyed have lived in the province
(farming experience of 27.0 ± 9.7 years) to which their livelihood activities were
connected to and where they established networks across the villages. This resulted in a
very strong presence of different groups and organisations. Almost all respondents (98%)
were members of cooperatives and other non-governmental associations; about 18% were
members of more than one cooperative or related group or were exposed to governmental
led activities and programs. Across all respondents, 35 farmer cooperatives were
identified, which were organised either based on location (exclusive membership within
the same village) or according to a more specialised focus (vegetable growers, dairy
farmers, and women’s groups).
As expected, almost all farmers had one way, or another availed themselves of adaptation
support (92%), which either came from their cooperatives (41%), family relatives and
friends (37%), through government programs (20%), or via other means (2%). Specific
support from the government came in the form of free technical training for farm
management and production improvements, and technology-based interventions that
enhanced the adaptive capacity of farmers. Membership to cooperatives also supported
farmers through assisted marketing and financial programs. Close ties with family and
friends often extended support in the form of camaraderie, knowledge, resources, beliefs
sharing, and – sometimes – financial support. Other adaptation support came from private
sources such as informal lenders.
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Water buffalo dairying emerged as a specialised livelihood strategy that offered farmers’
economic returns amidst farming challenges. Profits from buffalo dairying have improved
households’ welfare, enabled farmers to accumulate more livelihood resources, and
improved their livelihood security (Figure 3). Of the surveyed households, 70% were
confident that they could send their children to colleges or universities, 55% of
respondents had recovered from shortages in basic household expenditures, 26% had
improved their house or living condition, 95% were able to increase their animal
holdings, 46% had improved farm facilities, and 3% had purchased land.
Key informants’ narratives also reflected the challenges of specialising in dairy buffalo
production. Farmers concerns that exposed their livelihoods to risks were noted;
“Around 2012, I started this dairy carabao. They gave me females, and according
to the technician, they were more beautiful as they have blood from Brazil. But, I
did not earn any profit for years because they don’t get pregnant. Although
bigger, they looked lame and get sick sooner than my native carabao. I think the
imported breed needs a different technique to manage. They look that they can’t
live here in my backyard. I also need to put in a better shed and provide more
feeds. I even allocated some land for forage and also ask them to inseminate
artificially (AI), but it did not work, so I returned those animals. I’m not lucky at
the start; I knew I need to learn from others who became successful, such as my
cousin.” – (KI 25, 7 August 2016)
The strong presence of social networks and farmer cooperation among villages has caused
financial and marketing related challenges to some farmers. The village association or
primary producers’ cooperatives undertake the pooling of milk in the study area through a
collection system. The dairy federation facilitates the formal milk markets by buying raw
milk from the farmers, operating the milk processing facility, and handling the
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distribution of raw milk and processed milk-products (local milk-based pastries) to the
final consumers. However, credits and buying (farmers produce) mechanisms extended to
the cooperative members had created doubts and income instability, as noted below;
“Milk gave us a salary like a normal job. I just deliver to our coop every day, and
we can get the payment every 15 days, by the middle and end of the month, just
like I’m employed in an office. We like it because its sure money and my family
anticipate those days. I also have some loans to the cooperative, but my salary
can pay for it, and I can still have some cash to bring home. Up till two years ago,
the cooperative delayed the payment. I can always deliver milk to them, but I
stopped because even now, I still have some payment to collect. It was a bad
experience, and I think it was mismanaged. I don’t know if I can still recover [the
money], but we have new officers already in the coop. Now most of us here sell to
one of our friends; he collects and delivers to his buyer. The price is also okay,
and it’s good because he pays us every week.” – (KI 7, 5 May 2016)
6.7

Discussion

This study illustrates how smallholder farmers in Nueva Ecija province, Philippines, have
adapted to both social and climatic challenges over time. Farming remains the key source
of livelihoods despite the urbanising trend and climatic changes in several villages. Over
the past 30 years, farmers followed a distinctly market-oriented and cash crops focused
production pattern. However, recurrent cropping and market failures spread the risks of
falling incomes among households. As an adaptation strategy, farmers used water buffalo
dairying as a buffer activity that based on their experiences has lowered the income risks
of their other livelihood options.
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6.7.1

Water buffalo dairying for climate-resilient livelihoods

Shifting from crop production to water buffalo dairying suggests that farmers might have
taken advantage of differences in risk-proneness between farm components. In this
process, farmers depended more on their animals for income wherein the water buffalo
keeping turns from a multifunctional (draft power, meat) into a commodity (milk)
focused activity of smallholders. Ellis (2000) concluded that the new ways of trying to
sustain the existing income sources are also forms of adaptation, and this is closely
related but not synonymous with diversification. Accordingly, some studies reveal that
adaptation strategies of households are practically linked to livelihood diversification to
adapt to climatic changes (Agyei et al., 2014; Wu et al., 2014).
Our findings reveal that water buffalo dairying played the role of a buffer against income
and climate extremes shocks, thereby increasing farmers’ income security and livelihood
resilience. Because animals are portable, they have a special role to play when people are
physically displaced during extreme events and natural hazards (Campbell & Knowles,
2011). For instance, during tropical cyclones and flooding, a family can move and
safeguard their animals, but must leave their houses and crops behind. Livestock function
in farming households after a natural hazard has also been identified as an adaptation in
several studies and areas (Nakamura et al., 2017; Coppock et al., 2018).
Water buffalo serve as an expanded asset base of farm households, a similar livestock
role in smallholder farmers in other developing countries (Ali, 2007; Tarawali et al.,
2011). Farmers’ respondents aspire to own more animals to milk, and as their herd size
increased it strengthens social relations by helping the households through livestock loans
and contributing to better family well-being (Fafchamps & Lund, 2003). Farmers are
managing their dairy water buffalo herd both as a productive asset and indirect
mechanism for savings. Farmers’ caracows are the living banks in the villages that
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provide not only daily incomes but also other important financial needs of household
members such as in sending their children to colleges or universities.
Moreover, livestock for smallholders represents more than just an economic asset but also
socio-cultural values (Gandini & Villa, 2003) that play a role in boosting farmer’s
adaptive capacity. In the Philippines, farmers have a strong historical association with
water buffalo as part of traditional land-based agriculture. In fact, the water buffalo was
enacted as the country’s national animal because of farmers’ strong cultural attachment,
and because it represents the life of farmers in rural villages. The apparent change in
water buffalo functionality from draft power to milk production also manifests farmers’
flexibility and tested knowledge in water buffalo keeping (Cruz, 2013).
6.7.2

Dairy water buffalo development and adaptation process

The adoption of dairy water buffalo production across the villages practically emanates
from the carabao development program of the government, by which the greater focus on
village-based dairying started in 1999 (Cruz, 2015). At the outset, CDP was comprised of
developmental activities to provide additional income source and reduce poverty among
rural villages. It was implemented exclusively to address a broader goal of livelihood
security, without reference to adaptation. It is not a program that is specifically designed
in response for flooding and stronger typhoon, but it has functioned as an adaptive
measure after almost two decades of implementation. A recent study by Parreño-de
Guzman et al. (2015) has indicated that one of the highest poverty incidences was found
among rice and corn workers (36%) in the Philippines. Shifting focus from cash cropping
to buffalo dairying reflects not only a risk aversion strategy of farmers, but an embedded
adaptation option framed by institutional dynamics and farmers’ livelihood aspirations
(Agrawal, 2008).
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Our findings also provide evidence that the adaptation process is inevitably part of local
sustainable livelihood development. Previous studies by Berkhout (2012) and Eakin et al.
(2014) reveal that adaptation decision out of development programs plays an important
role in modifying farmers adaptive capacity and in boosting farm-efficiency, which in
turn, leads to broader livelihood adaptation at the local level. In many instances,
development is seen as a means to adaptation ends (Dovers & Hezri, 2010; Wise et al.,
2014). Conversely, analysis on the trajectory of farming livelihood suggests that shifting
focus from crops to water buffalo may arise from the context of ‘serendipitous’
adaptation. Under the serendipitous adaptation model, the activities are undertaken to
achieve development objectives incidentally achieve adaptation objectives (McGray et
al., 2007). Other authors also emphasised that climate change is rarely the sole or primary
motivator for adaptation actions, and that adaptation can be inseparable to development
(Berrang-Ford et al., 2011; Knaepen, 2014; Wise et al., 2014).
Accordingly, an adaptation strategy that delivers positive livelihood outcome is
considered sustainable (Hoque et al., 2018; Smit & Pilifosova, 2003; Wang et al., 2016).
Farmer's livelihood trajectories reflected small-hold farming sociocultural dimensions.
Taking adaptation strategy can be interpreted as an outcome of farmers’ social relations,
household capacity, and to the degree to which they are integrated into social and political
dynamics in their localities (Adger, 2003; Amaru & Chhetri 2013). Local institutions
shaped and serve as a mechanism to facilitate adaptation (Agrawal, 2008). Shifting focus
to water buffalo dairying figures clearly in the government’s sustained growth objective
for the smallholders. Wherein this objective is met through stable income source for
farmers, more efficient use of household labour, and increased productivity by efficient
utilisation of water buffalo and related local resources. Milking water buffalo can be a
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sustainable livelihood adaptation option for farmers in the villages as climate change
progressively forces cash cropping out of their small farms.
6.8

Conclusions and policy implication

This study contributes to a greater scientific understanding of a livelihood adaptation
process under the context of small-hold farming. The findings provided an opportunity to
draw general lessons from the adoption of governmental-led water buffalo development
program: on why farmers take water buffalo dairying to averse the risks from recurrent
crop failure, and on the process, how different villages considered as it as viable
adaptation option for climate-resilient livelihoods.
The findings imply that in the face of varied challenges being confronted by farmers, the
process of adaptation to climate change does not need to start from scratch. Farmers
voluntarily took adaptation actions that reflect the dynamics of their livelihoods and
address the conditions they currently face. Water buffalo dairying is a promising resource
for smallholder farmers and can be a principal livelihood activity, especially for
vulnerable villages. A shift in focus on buffalo dairying does not mean that it can be a
replacement activity to crop cultivation, but rather a crucial component that can best
complement to their mixed crop-livestock farming system. Cropping is a major source of
feed materials through residues such as rice straws, while crops also have benefits such as
source of fertiliser from animal manure. Rice, in particular, is crucial for the household
food security, and rice cultivation need also be sustained for consumption because it is the
most important staple food in the country.
In this case, a local policy must integrate adaptation programs that are linked to livelihood
development. Climate change adaptation need be mainstreamed into local policies in a
sense that it builds climate-resilient livelihoods and improves the adaptive capacity of
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farmers. The livelihood activities attached to Carabao Development Program must bring
the development and adaptation together in the villages through a constructive
engagement of mutual learning and practice. In adaptation planning, it needs to consider
the almost three decades of the Philippine Carabao Center development experience of
building capacity for smallholder buffalo farmers, coupled with knowledge about climate
change and its impacts, and farmers experiences.
Positive adaptive actions need be encouraged such as programs that foster asset building
or livelihood activities that reduce their vulnerability to damaging impacts of extreme
climatic events. For example, providing improved buffalo stocks equitably to farmers
across the villages. Water buffalo dairying skills training need also be made to develop
local expertise aimed at enhancing the buffalo milk production through regular
workshops and extension supports to farmers. The implementation and monitoring of
CDP related activities could also be strengthened at the operational level. A particular
example is on the improvement of marketing of farmers produce through the collective
efforts of different local institutions and networks in between villages. Practices to
mitigate the direct impacts to animals of recurrent typhoons and flooding need to be in
place (as we found it non-existent in the area) through animal protection measures. Given
the urgency of climate change and the high likelihood that it will seriously affect the
smallholder farmers in developing countries, adaptive systems of governance are
necessary.
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CHAPTER 7
SUMMARY AND CONCLUSIONS
7.1

Chapter overview

This research has drawn on the integrative concepts of vulnerability to understand
smallholder farmers adaptation towards climate-resilient livelihood development. The
overarching questions posed in this research have been answered: what extent climate
change affects livestock production systems; how farmers perceive climate change and its
impacts; how farmers adapt to counter these impacts; and how livelihood dynamics and
developmental processes interplay with adaptation. I explored farmers’ perceptions,
decision-making, and institutional mechanisms, with special interest on the state-of-play
and linkages between the different livelihood challenges smallholder farmers are facing.
Refraining from singling-out climate as an issue, I examined the case of smallholder
water buffalo farmers in the Nueva Ecija province of the Philippines. In this chapter, I
summarise the research findings, examine the resolutions to the research questions,
reiterate the contributions of the research, and identify future policy needs and research
suggestions.

7.2

Perceptions of climate change risks

This research affirmed that local contexts are important to understanding climate change
and variability (CCV) and its impact on smallholder systems. How climate change
manifests and impacts on different aspects of smallholder water buffalo production
systems has been explained in Chapters 3 and 4. Chapter 3 concluded that climate change
as a global issue of concern in the livestock sector through a systematic analysis of
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existing literature. Subsequently, Chapter 4 interpreted the local characteristics of climate
change through farmer perceptions.
I found that farmers can express and convey specific details about the climatic changes
they experience on their farms. Farmers perceived an increasing severity of typhoons,
extreme rainfall, extreme heat, and changing seasonal patterns, which correspond to the
area’s recorded historical climate data (Chapter 4). Findings on climate change
perceptions, therefore, implied that farmers are active observers, informed by the length
of their lived experience. As pointed out by a farmer leader when discussing his general
views about climate change;
“We have been farming here our whole life...I can tell that climate change has
long been part of our ways. I think climate really changes, and there is nothing
surprising there. Like yesterday it was raining so bad, then today it just stopped,
and we don’t know if it will rain again tomorrow. Typhoons and floods also come
and go…but what scares us now is not knowing what exactly is going to happen.
Will the next typhoon damage again our rice fields, or will the monsoon rains
flood our villages again? We needed to know because a change in climate signals
that we needed to change our ways as well.” – (KI 16, 20 July 2016)
Farmer awareness of CCV revealed ‘climate change’ to be a localised and inevitable
phenomenon. Most farmers tend to treat the climate as a recurring cycle because they deal
with it every time. This understanding about climate indicates that farmer perceptions do
not correspond with scientific descriptions, such to distinguish the difference between
climate as long-term patterns, and weather as short-term changes (Bradshaw et al., 2014).
Moreover, farmers shared experiences do not depict that humans (themselves) have
contributed to the observed changes, but rather, they associated climate change more with
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the biophysical impacts, and the risks it posed to their livelihood. In this research, I found
farmers perceptions of climate change were shaped and informed by social constructs and
local realities.
Farmer narratives described climate change impacts as generally negative, and they
linked it closely to coping with the adverse consequences from extreme climatic events
(typhoons and flooding). Farmer perceptions on the likelihood and severity of climate
change were causally connected to their personal experiences, where greater experience
indicates increased perceptions of risk and concern about climate change (Weber, 2010;
Wolf & Moser, 2011). Likewise, I found that farmers cannot and will not ignore their past
experiences. Farmers adapt spontaneously with the perception that climate change
(manifested through increasing temperature, and stronger and more frequent typhoons)
will impact them to a greater extent in the future (Chapter 4).
Findings from this research revealed that CCV impacts smallholder farmers production
processes and activities, either through direct or indirect ways (Chapter 3). Direct climate
change impacts were described as abrupt and seen through physical destructions, from
damaging farms and household properties to causing animal death, through such means as
drowning during flash floods. Similarly, indirect effects last longer, and usually
interconnect with and aggravate other production aspects, such as dry spells which cause
feed scarcity, resulting in poor animal health; increased susceptibility to diseases; poorer
animal performance; and economic and livelihood losses (Chapter 3 and 4).
Likewise, my research has deconstructed ‘climate change’ from a global to a local issue,
as argued in some studies (mostly from developing regions) (Naustdalslid, 2011; Chandra
& Gaganis, 2016; Chapter 3). This research demonstrated climate change to be a problem
that is experienced and felt on a local scale. Without reference to the global climate
change discourse, farmers viewed changes in climate as the second most challenging
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factor in their production system, next to the economic factors. Farmers stand to be
greatly affected by future changes in climate, which implies that climate change is
perceived as a problem. Theoretically, if farmers do not view climate change to be a
problem to address, they cannot, therefore, respond to calls to undertake necessary
adaptation actions – why adapt to something that one does not view as a problem?
Therefore, this is the main position which has been answered first in my research.

7.3

Awareness and knowledge of adaptation

Moving on from perceived climate change impacts necessitates adaptive responses. Thus,
I examined farmer decision making, while exploring their views on what climate change
adaptation (CCA) is, and how they intend to respond to climate change impacts (Chapters
5 and 6). I examined the determinant factors to climate change perceptions (Chapter 4),
identified and provided typologies of the existing adaptation practices of water buffalo
farmers (Chapter 5), and explored the socio-economic and institutional mechanisms to
understand further what constitutes local adaptation processes (Chapters 5 and 6).
In adapting to climate change, I found that farmers generally take measures to adapt, but
the term ‘climate change adaptation’ cannot be clearly defined from their expressions
(Chapter 5). Analysis of the motivations to adopt adaptation practices showed that
specific adaptive actions are difficult to differentiate from normal - related management
improvement practices to CCA actions. Farmers explained that there are non-climatic that
also concerns them when making management decisions, and that their decisions to adapt
were driven by interrelated factors and multiple reasons, not just climate change (Chapter
5). Thus, it is unclear of what CCA represents to farmers, and what motivates them to
adapt.
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Despite farmers’ unclear views of CCA, I found multiple adaptive practices that are being
adopted in the study area. Four categories of existing adaptation practices were identified,
which range from the adoption of on-farm management and technologies, household
financial adaptation, government interventions, and socio-cultural practices. Farmers
revealed that any action they take must address the specific situation they are facing,
suggesting that generalised adaptation actions might not apply with them. Nevertheless,
findings on the adoption of adaptation practices demonstrated that the increasing impacts
of climate change engendered farmers to adapt.
In Chapter 6, I demonstrated the increasing trend of shifting farm components, such as the
introduction of buffalo dairying as a buffer activity to cash cropping. Experiencing
recurrent crop losses due to the impacts of extreme climatic events have pushed farmers
to re-orient their production. Farmers learn from their experiences, and they change and
modify their practices, and shift to less risky farming activities. It was revealed that the
greater focus in livestock, rather than cropping, was more adaptable to the damaging
impacts of extreme climatic events. Likewise, farmers choose to adapt depending on
wherever they could maximise benefits, such as ensuring more stable incomes.
I concluded that adapting to climate change was just one of the aspects of farmers
motivation for shifting their production practices. The increasing number of farmers
shifting to buffalo dairying does not only happen because farmers needed to averse the
risks from recurrent cropping failures. I found that farmers were constrained by locally
available options, often driven by the political agenda of agricultural production, thereby
significantly limiting their options in other forms of diversification, such as the shifting or
adjustment of production systems. Shifting to water buffalo dairying exemplified a tradeoff between short-term profitability and longer-term livelihood resilience. In this sense,
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adaptation represents trial and error, not a calculated undertaking to balance farm
profitability with environmental goals.

7.4

Moving forward on adaptation behaviour and determinants

Generally, farmers are confident in their ability to respond to livelihood challenges and
risks, including climate change (shown in the high adoption rate of adaptation practices,
Chapter 5). In this case, farmers have shown more reactive than proactive actions toward
adaptation. Reactive adaptation was expected from farmers, as the tendency is to adjust to
the new conditions following an extreme or damaging event. Here, I concluded that
farmers exhibit reactive rather than proactive adaptation most likely because they take
adaptive actions only after the damages have happened (Chapter 4).
Reactive adaptation is becoming a norm associated with adaptation performed after a
shock (Smit, 2000; Morton, 2007). In the Philippines, it is normal for people, primarily in
the villages, to drift on the surge of political or social support after an event, such as a
destructive typhoon. Farmer adaptation behaviour was justified by understanding the
learning process attached to their lived experiences. I argued, in Chapter 4, that learning
from repeated personal experience involved affective processes which are fast and
automatic (Slovic & Peters, 2006; Singh et al., 2016). In reactive decision processes, it
follows that farmer adaptation consisted of the ability to decide without any anticipation
(Smit et al., 2000; Grothmann & Patt, 2005). Thus, farmers could immediately respond to
a significant climatic event and integrate new information from their past experience.
Moreover, farmers adapt autonomously, and often in the form of improved management
and operational measures. I found that the existing adaptation practices were often
localised and concerned the entire farm. Farmers described these practices as short-term
fixes and viewed as on-farm remedies, which do not consider climate change or align
232

CHAPTER 7

with climate projections and scenarios. Aside from production improvement practices,
households adopted financial management measures, for instance a reduction in
expenditures and the sale of assets. Household financial adjustments are a form of
adaptation for farmers that are not specific to climate, but are indirectly caused by the
effects of climate change, such as crop losses (Smit & Skinner, 2002; Chapter 5).
The uptake of on-farm adaptation practices was driven by subjective factors, such as
perceptions of risks, while the decision to adopt these practices is determined by the
interplay between the objective factors, such as farmers individual socio-economic
attributes, and institutional mechanisms (Chapters 5 and 6). Farmer perceptions of climate
risks often lead to the notion to adapt (Schwarz, 2001; Grothmann & Patt, 2005).
Individual differences in risk perception resulted in differences in the choice of adaptation
practices, which I found evident amongst farmers, even in the same village and
production context (Chapter 5).
The objective determinants of adaptive capacity included the economic, sociocultural, and
institutional supports available for farmers. It was evident that farmers choose to adapt
based on their individual capacities and preferences, and on the opportunities available. I
found a high adoption rate of several adaptation practices in the study area, mainly due to
local government programs and institutional (both private and public) interventions.
Institutional mechanisms through new technologies provided opportunities for farmers to
adapt (Chapter 6).
Additionally, farmer adaptation behaviours and adaptive capacities depended on the
supportive functions provided by social networks, particularly cooperatives. In Filipino
village culture, social networks and social capitals are critically important in the adoption
of agricultural activities (Abid et al., 2017; Agrawal et al., 2008). These cooperatives, as
formed by the farmers, comprehend livelihood as survival, and that different local and
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national realities are important for productivity and protecting the environment (Chapters
5 and 6). However, the important questions remain as to whether the adaptive practices of
farmers can reduce vulnerability and build climate-resilient livelihoods.

7.5

Reducing vulnerability using water buffaloes

The use of livestock has been recognised as reducing smallholder farmer vulnerability to
climate change (Diniz et al., 2013; Thornton & Herrero, 2015). Water buffalo production,
in this case, proved its utility to climate-resilient livelihood by increasing farm
productivity and farmers’ income security. The function of water buffalo after a natural
disaster (typhoons cause severe physical damages) was identified as a buffer to crop
losses and served as an expanded asset base for households. Most importantly, attached to
water buffalo production are specific adaptive practices that are helpful during climaterelated shocks (Chapter 5).
In returning to the question of the adaptation potential of water buffalo production,
farmers believed that adaptation is effective if it can improve their ability to create more
resilient livelihood outcomes and improved family well-being. For example, daily income
from milk increased farmer capability to meet other financial needs of household
members such as sending their children to school; and sales from live animals enabled
farmers to pay out loans, such as animal stocks and farm capitalisation. I also found that
farmer animal holdings served as an indirect mechanism for savings that results in an
increased capacity to recover from CCV related impacts (Chapter 6).
Likewise, water buffalo served more than just an economic asset of farmers in the
villages. The value farmers place in their animals is a big part of their culture, playing a
role in boosting their adaptive capacities. Specifically, water buffalo dairying has tested
traditional farming knowledge and strengthened farmers’ capacity to learn and adopt new
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production techniques beyond the purpose of keeping their animal for draught. The
government’s continuous genetic improvement program to transform the native water
buffaloes into better milk producers enabled farmers to keep up with the demand for milk,
as well as changes in preferences in the local market. I found that the combined CCV
impacts and the influence of local institutions determined farmers motivation and ability
to create more resilient livelihood outcomes (Chapters 4 and 6).
Developing village-based water buffalo production systems has encouraged networking
in the area and, therefore, contributed to building the farmer adaptive capacity. At the
local level, the livelihood development programs have already helped farmers prepare,
even though the programs were not framed as adaptation policies. With external
interventions, in this case, the Carabao Development Program of the government, I found
that farmers were more confident in their capabilities, thus strongly influencing farmers’
intentions in responding to a changing climate (Chapter 6). Farmers increased adoption
rate of several adaptation practices was observed, and incentivised due to the broader
social and economic agenda of CDP. Thus, farmers have moved forward from simply
reacting to climate change impacts by enabling the adoption of adaptation practices at the
farm level.
Moreover, the high presence of cooperatives across the villages demonstrated farmers’
collective actions, particularly in enhancing dairying skills and in the marketing of their
products. “capacity to act” refers to the development of leadership and increased practical
involvement in networks (Phuong et al., 2018). Farmer membership in one or more
cooperatives in the area has played an important role in climate change adaption through
the enhanced social learning of farmers. As the farmers and farming villages experienced
high vulnerability (climate extremes), the active involvement in cooperatives, coupled
with the social networks between institutions, provided farmers with foundations to learn
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together. Therefore, my research highlighted that sustaining a continuous process of
social learning results in an increased adaptive capacity, and consequently reduced
farmers vulnerability.

7.6

Adaptation and local policy needs for climate-resilient livelihoods

This research concludes that the solution to the local problem of climate change lies in the
way the problem is locally understood. The findings from my research point towards a
number of policy recommendations, which might serve to improve adaptation to climate
change in the smallholder water buffalo production system across farming villages in
Nueva Ecija, the Philippines. In addition to encouraging greater use or adoption of
adaptation strategies, the following are recommended for climate-resilient livelihoods:
1 Increasing the ‘climate knowledge’ of farmers, village leaders, institutional
officers, and decision makers. Climate knowledge is needed in order to enhance
capacity in managing climate risks. Farmers need to be capacitated, such that
they become more cognizant of climate change impacts to their systems, and
thereby take appropriate adaptation measures. A broader reach of extension
support services across farming villages is encouraged to complement farmer
education, as well as traditional farming knowledge. This will be particularly
helpful in communicating about CCA, and provide more effective information
on the risks and vulnerabilities associated with climatic changes, rather than
climate change per se. Extension support can also provide technical training for
improved productivity under the changing climate, such as climate-smart
practices. Climate change awareness and knowledge dissemination concerning
adaptation

practices,

beneficial

technologies,

and

available

adaptation

opportunities should be integrated into regular activities of relevant local
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agencies to ensure wider adoption. Proven participatory learning processes based
on livelihood needs, such as the Farmer Livestock School on Dairy Buffalo
Production (FLS-DBP)1 are central to the adaptation process and should be
considered for broader implementation across farming villages is (Tomlinson &
Rhiney, 2018).
2 Moving from reactive measures to implementing proactive measures. Planning on
how to counter the potential impacts and mitigating the causes of vulnerability
needs to be integrated into local policy designs. Local policy options, especially
complementary approaches to resolve farmer resource constraints and provide
opportunities to take adaptive actions are necessary. Further policy efforts aimed
at incentivising markets, infrastructure, and integration of livestock may be an
effective way to averse the risks from the recurrent crop losses, for example,
developing credit programs specific for livestock farmers, or as part of an
agricultural credit programs of the government. Livestock insurance is nonexistent as agricultural credits were found to be largely biased towards large-scale
croppers. Complementary approaches to policies that will provide local
entitlements for smallholder farmers need to be made available or disseminated,
such as equitable animal stocks dispersal schemes and animal loan programs.
3 Strategic decisions aim to build a long-term plan to achieve farmer production
goals, vis-à-vis, resources availability. More specifically, adaptation opportunities

1

At the time of data collection, FLS-DBP was being implemented in pilot classes in the two municipalities
in the study area. Most of farmers participants to this research attested to the practical utility of the
program in improving their knowledge level on water buffalo dairying and the related technologies (More
details are discussed in Chapter 5).
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need to be extended to farmers by creating an efficient resource use plan, with
focus on the crucial and most affected input for animal production, namely water
and land. This plan can be represented in a model by a cropping plan and
allocation within farmland, to continuously match temporal changes in climate
with both cropping and livestock activities. A cropping plan is vital to anticipate
water and feed availability. Consequently, forage and feed availability for
livestock will be secured, alongside crop productivity. This suggestion also offers
long-term production organisation, by considering water and feed conservation
practices. In the long term, the uncertainty of climatic events, market changes, and
sudden resource restrictions are difficult to predict. Therefore farmers need to
adopt strategic resource use management plans.
4 Integrating social factors in adaptation is key to the successful on-ground
application of the adaptation plans. An effective adaptation plan will necessitate
realities in the field such as the technical capacities, institutional limitations,
farmers needs and motivations, to be coherent with prioritised adaptation
strategies. Traditionally, government research and extension support has worked
with water buffalo farmers on what they see as useful, mostly through the
introduction of related technologies (Cruz, 2015). Ignoring farmers’ socialeconomic conditions and realities often impedes adaptation improvement efforts
and render the adoption of practices ineffective (Forsyth & Evans, 2013). My
research has shown that achieving social agendas (improved farmer livelihoods
and well-being) through livestock production depends highly on household access
to the pool of resources and reliable markets. Farmers can and will adapt,
however, the other sources of vulnerability need to be addressed in order to take
into account the realities of the situation. Resources entities, such as land and
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water, should be linked to social entities, such as to individual farmers across the
villages. Thus, adaptation supports need to focus more on households and villages
that have limited access to or are underprivileged in terms of resources.
5

Changes in animal keeping techniques at the farm level as a key component of
climate-resilient production. This study has identified the biological aspects of
animals as an inherent source of vulnerability to climate change, but which can be
the focal areas for adaptation (Chapter 4). Specific adaptation measures must
include improvement to breeding programs, such to consider more ‘heat-resistant
traits’ in the continuous genetic stock development of local buffalo breeds.
Farmers are actively seeking more adaptable breeds, as they tend to focus on the
more intensive mode of production (dairying, Chapter 6). In addition to adaptation
practices reiterated in Chapter 5, reliable technical and related marketing supports
are needed to allow them to trial different production strategies (from crops to
livestock) while minimising climate-related risks to their livelihoods. More
farmers focusing on dairying has practical implications on their farm operations.
This entails new knowledge, practices, and technologies to achieve their
production objectives, and suits their overall conditions. The results of this study
suggest conducting demonstrations of climate-smart agriculture2 (CSA) practices
for farmers, such as feeding techniques and disease risks management, so they can
observe the real practice in detail and, thereby, improve their knowledge and
understanding.

2

Climate smart agriculture is an approach for transforming and reorienting agricultural development
under the new realities of climate change (Lipper et al., 2014)
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6 Stronger

partnerships

formed

between

non-government

sectors

(farmer

cooperatives) and government agencies. the findings from this research describe
farmers’ adaptive capacity as socially differentiated and as a dynamic outcome of
adaptation interventions from both public and private institutions. Farmer
livelihood contexts are inspired by strong social networks, which imply that
adaptation at the farm level can be strongly influenced by local policy decisions.
Thus, smallholder production system adaptation needs to be sustained through
continuous building up of farmers adaptive capacities, and allowing institutions to
intervene, such as in investment on new technologies and farm infrastructure
(Fujisawa et al., 2015; Howden et al., 2017). Likewise, local adaptation can be
enhanced by skills development and mutual learning between farmers, and
through interactive development of institutional capabilities. More specifically,
increasing the roles of stakeholders in the villages will be critical to increasing
farmer capacity and promoting continuous social learning in adapting to climate
change. The government will need to support research and development in CCA
in agriculture. More partnerships and fostering cross-sectoral collaborations
between stakeholder groups are encouraged to ensure sustainable adaptation at the
farm level. Finally, program interventions and supports that are well coordinated
can help overcome socio-economic and environmental constraints faced by
smallholder farmers (Rose et al., 2016).

7.7

Research contribution

Overall, this research contributes to the expanding literature on CCA by addressing the
vulnerability of smallholder livestock (water buffalo) farmers in view of the issues posed
by climate change. More importantly, the contribution extends beyond academic research
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and scholarly fields by sharing the research outputs through peer-reviewed publications
and conference presentations.
Firstly, the research contributes to the approaches in CCA through the implemented
methodology. The output from the systematic review analysis is significant, as
benchmark information for research and policy. The research presents the gaps within the
current research paradigm of climate change impacts and adaptation in the livestock
sector, which can use to inform research and draw out policy. Although planners now
acknowledge that there is a need to act on climate change, most are unsure about how to
proceed with the initiative (Hamin et al. 2014). More importantly, the research gaps that
were identified are the key areas that constrain adaptation and are fundamental to
designing adaptation plans (Chapter 3). These include a lack of information at the systems
level; underrepresentation of quantitative methods including yield impact models; lack of
mutual investigations of impacts and adaptation; limited access to markets and capital
resources; and the fact that adaptive capacity building is highly dependent on the
government and other institutions.
Moreover, the systematic review methodology concluded that there was no universal
approach nor global applicability strategy for CCA in livestock. Instead, adaptation is
local and context-specific, which suggested the applicability of the mixed method and
integrated analysis to understand the farmers’ complex socio-ecological conditions
(Chapter 2). The integrated method is applied in examining farmers vulnerability helped
develop a holistic understanding of livestock developmental settings, into which CCA can
be integrated. Thus, this research’s analytical framework has provided a holistic
perspective of climate change as an issue in the livestock sector. The research
methodology emphasises the social science in climate research and the interrelated
dimensions of farmer CCA allowing for a more realistic inquiry. Meanwhile, the
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determinants to adaptation decision making examined by this research generated context
specific CCA knowledge and information (Chapter 5). Likewise, the research offered a
methodology that can be replicated across related sectors – concerning other vulnerable
and complex agricultural systems in other areas, such as fisher-folk in coastal
communities.
Secondly, this research contributes to theory building on smallholder livestock farmer
adaptation, vis-à-vis, climate-resilient livelihood development. The findings generated
hands-on information on climate change impacts and adaptation, which is currently
lacking in the livestock production system. It captured perceptions and farm-level
experiences of water buffalo farmers and the state-of-play of local institutions leading
livelihood development solutions in farming villages. Thus, this research provides
empirical evidence that supports the notion that farmer knowledge and perceptions, and
institutional mechanisms, such as local governments, are crucial to overcoming CCA
challenges (Schreurs, 2008; Pasquini & Shearing, 2014).
As the link between livestock and climate change is underrepresented in the current
literature, this research highlights livestock as an inherent and significant part of the
larger CCA discourse in agriculture. In the analysis of the role of livestock (water
buffalo) in vulnerable farming communities, livestock ascertained its role in reducing
vulnerability and improving the lives of smallholder farmers by safeguarding their
livelihoods under climate change. Finally, the research provided clarity on how climate
change is viewed from farmer perspectives, and how their vulnerability is complemented
by adaptation measures. Thus, the output from this research serves as a knowledge base
of practical application to local livelihood development and policy-making.
Thirdly, this research demonstrates the practice of CCA in livestock (water buffalo)
systems. Through mixed methods and an integrative approach to research, it determined
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the severity of climate change impacts and has taken stock of existing adaptation
practices that farmers are adopting at the farm level. This is noteworthy because knowing
the magnitude of climate change impacts can assist planners and decision-makers decide
which challenges need to be prioritised. The intensive analysis of institutional
mechanisms attached to farmers CCA determines the institutional roots of farmer
adaptation and identifies the adaptation challenges, which can help policy-makers design
the appropriate institutional reforms needed. It can serve as the basis for local government
to use limited resources efficiently, and for farmers to take advantage of the opportunities
that arise. Thus, this research improves the understanding of the institutional dimensions
of CCA, which is important given that institutional changes and concerns are among the
critical factors that determine the success or failure of an adaptation measure, especially
at the local scale (Agrawal et al., 2008).

7.8

Future research suggestions

With the increasing urgency for developing effective adaptation responses to climate in
the livestock production system, more research is needed to establish a specific basis for
CCA targeted at smallholder farmers. These are the critical areas for further inquiry,
which emerged as part of this research effort:
1 Further research is needed to improve understanding of the local climate change
and variability. The specific links of climate to livestock production impacts at the
local level should be modelled, with emphasis on the consequent changes to the
dominant mixed crop-livestock system. The direct and indirect impacts of climate
change and the complex interplay between climatic and non-climatic forces
confounding adaptive decision making should be accounted clearly. This will
better address local sources of vulnerability by which the key climate drivers
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affect farmers’ livelihoods. Research geared toward improving climate
information and communication should be conducted to improve understanding of
how farmers manage the difference between weather and climate, and how this
may interfere with planned adaptation efforts.
2 Integrating CCA into broader research domain and practice. Research for
development should integrate the multidimensional environment of smallholder
farmers in developing research agendas. The focus of research programs and
interventions at the national level should recognise the relevant local stakeholders
including farmer cooperative leaders, village officers, and local government
officials. Exploring possible CCA measures based on the needs at the local and
provincial level may be very useful for more effective and broader research
implementation and practice across the country. Further, better models are needed
to connect individual drivers at the farm level with more macro-level climaterelated policy. Future research should build on interdisciplinary efforts that seek to
couple social and biophysical dimensions to enable evaluation of potential impacts
associated with adaptive actions over time.

Likewise, these models should

consider a broader agricultural landscape and human-institutional scales to
understand better the factors and conditions that influence farmer adaptive
decision making.
3 Moving the focus from adaptation to climate change to the management of climate
risks. Specific animal keeping techniques at the farm level (Section 7.5) need to be
backed up with research through investigation on applicability and adoption
challenges, such as the costs and benefits for farmers. This will enhance existing
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climate risk management and provide more options for adoption of effective
adaptation practices.
4 Future research should develop a conceptual framework to find out whether
shifting to livestock production as a buffer activity to mitigate climate-induced
crop failures can resolve farmers’ economic goals and assure climate-resilient
smallholder livelihoods. Due to farmers moving away from cropping such as rice
cultivation, the possible consequences on food security should be investigated to
ensure long-term sustainability in key production areas, such the Nueva Ecija
province in the Central Luzon region. Climate change may drive a greater
transformation of the agricultural system, though whether these changes “succeed
in moderating harm or exploiting beneficial opportunities” must be evaluated over
time (Moser & Ekstrom, 2010). As climate adaptation moves from conceptual
discussion points to practical interventions, more research is needed into how
current institutional environments enable or constrain effective transformation, as
well as how individual farmers, and sectoral and national policy dynamics
interact.
5 Finally, future research needs to modify the methodology in terms of the quality or
composition of the research participants. That is, aside from key actors in the
institutional setting being investigated (local livestock sector agencies), the
academic organisations who have experience in implementing projects on CCA
and agricultural livelihoods can be surveyed and interviewed to get broader
insights. Other livestock subsectors in the country can be considered, such as
swine and poultry, as they dominate the majority of meat production in the
Philippines, thus also play a crucial part of smallholder farmer livelihood. Similar

245

Summary and Conclusions

methodology (case study design) can be broadly extended to other regions in the
country.

7.9
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Appendix 3
Descriptive statistics of continuous explanatory variables.

As supplementary material to CHAPTER 5

Variable
Age
Farming experience
Herd size
Distance farm to market
Farm size

Minimum Maximum
32
76
8
57
1
21
.20
14.0
.03
5.0

Mean
49.75
27.03
7.68
5.95
2.08

Std.
Deviation
7.91
9.68
4.31
1.911
.85

Appendix 4
Descriptive statistics of categorical explanatory variables

As supplementary material to CHAPTER 5

Variable
Education

Grade School
High School
College/University
Income class
Higher class
Lower class
Irrigation access
No access, rain-fed
Irrigated
Land ownership
Not owned/shared
Owned
Climate information Access from social media alone
Access from an official source
Agricultural
No access to agricultural
insurance
insurance
Access to agricultural insurance
Livelihood credit
No access to livelihood credit
Access to livelihood credit
Formal training
No access to formal training
Access to formal training
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Frequency Percentage
24
8.1
194
65.1
80
26.8
92
30.9
206
69.1
177
59.4
121
40.6
140
47.0
158
53.0
183
61.4
115
38.6
157

52.7

141
100
198
205
93

47.3
33.6
66.4
68.8
31.2

APPENDICES

Appendix 5
Adoption of different adaptation practices across dairy buffalo villages in the Nueva Ecija province. The
numbers in parenthesis are the total number of strategies, n=298

As supplementary material to CHAPTER 5
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Appendix 6
Results of the empirical binary logit models for determinants of adoption of on-farm management and technologies.
As supplementary material to CHAPTER 5

Improve animal housing
condition
B
p value
Exp(B)

On-farm management and technologies
Invest in irrigation
Improve milking facilities
(own system)
B
p value
Exp(B)
B
p value
Exp(B)

Determinants
Farmers attributes
Age
0.017
0.660
1.017
0.027
0.500
1.028
Farming experience
-0.001
0.968
0.999 -0.054
0.105
0.947
Household size
-0.172
0.179
0.842
0.027
0.845
1.028
Education
0.134
0.099
Education(1)
-1.243
0.051*
0.288 -1.638
0.034**
0.194
Education(2)
-1.053
0.145
0.349 -1.767
0.041**
0.171
Economic-resources
Income class(1)
0.101
0.737
1.106
0.583
0.100
1.792
Animal holdings
0.174 0.000***
1.190
0.058
0.201
1.059
Farm size
-0.231
0.248
0.794
0.917 0.000***
2.502
Location
-0.103
0.173
0.902 -0.050
0.554
0.951
Irrigation
-0.165
0.609
0.848
0.512
0.160
1.668
Land ownership
0.118
0.710
1.125
0.288
0.427
1.334
Institutional
Climate information
-0.033
0.909
0.968 -0.426
0.204
0.653
Agricultural insurance
0.243
0.378
1.275
0.332
0.291
1.394
Livelihood credit
0.160
0.593
1.174
1.045 0.001***
2.844
Extension support
0.574
0.081
1.776 -0.017
0.962
0.983
p value
0.001***
0.001***
Nagelkerke R2
0.190
0.261
Model correctness, %
70.1
79.9
***, **, * = significant at 1%, 5% and 10% probability level, respectively

269

-0.022
0.055
-0.055

Silage making
B

0.978
1.057
0.947

0.011
-0.012
-0.295

-0.485
-0.768

0.524
0.054*
0.638
0.065
0.404
0.022**

0.616
0.464

0.447
0.104
0.113
0.072
0.107
-0.091

0.117
0.003***
0.543
0.319
0.721
0.758

0.307
0.469
0.333
0.161

0.259
0.067
0.240
0.577

p value

Exp(B)
1.012
0.988
0.745

-0.107
-0.650

0.750
0.684
0.019**
0.302
0.839
0.294

1.563
1.110
1.120
1.075
1.113
0.913

-0.789
0.135
-0.008
-0.219
-0.029
0.090

0.009***
0.000***
0.965
0.008***
0.927
0.770

0.455
1.145
0.992
0.803
0.971
1.094

1.359
1.598
1.395
1.175
0.203
0.261
64.8

0.101
0.174
0.653
0.691

0.724
0.518
0.029**
0.021**

1.106
1.190
1.922
1.996
0.003***
0.246
69.8

0.899
0.522
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Appendix 7
Results of the empirical binary logit models for determinants of adoption of household financial management adaptation practices.

As supplementary material to CHAPTER 5

Sale of other assets
Determinants
Farmers attributes
Age
Farming experience
Household size
Education
Education(1)
Education(2)
Economic-resources
Income class(1)
Animal holdings
Farm size
Location
Irrigation
Land ownership
Institutional
Climate information

Exp(B)

Household Financial Management
Reduce household
Re-invest loans
expenditures
B
p value Exp(B)
B
p value
Exp(B)

B

p value

-0.004
0.040
-0.115

0.996
1.041
0.891

0.000
0.032
-0.167

-0.491
-0.682

0.905
0.157
0.321
0.079
0.315
0.038**

0.612
0.506

0.125
0.020
-0.694
-0.017
-0.220
-0.721

0.649
0.532
0.001***
0.818
0.455
0.015***

1.134
1.021
0.500
0.983
0.802
0.486

1.000
1.033
0.847

0.013
0.005
0.089

0.018
0.080

0.998
0.245
0.149
0.981
0.971
0.888

1.018
1.083

-0.235
0.030
-0.300
0.002
-0.075
-0.747

0.390
0.359
0.096
0.979
0.796
.009**

-0.264
0.325
0.768
0.475
0.074
Agricultural insurance
-0.096
0.704
0.908
0.480 0.054*
Livelihood credit
0.123
0.651
1.131
0.270
0.319
Extension support
-0.135
0.633
0.874
0.447
0.114
p value
0.013*
Nagelkerke R2
0.131
Model correctness, %
60.4
***, **, * = significant at 1%, 5% and 10% probability level, respectively

Supplementary income source,
e.g. remittance
B
p value
Exp(B)

1.013
1.005
1.093

0.044
-0.031
-0.210

0.301
0.409

0.700
0.848
0.444
0.776
0.536
0.478

1.351
1.505

0.790
1.030
0.741
1.002
0.928
0.474

-0.319
0.073
-0.618
-0.136
-0.028
-0.909

0.253
0.030**
0.002***
0.072
0.924
0.003***

1.608
1.617
1.309
1.564
0.908
0.110
59.4

0.109
-0.164
-0.308
-0.541

0.688
0.524
0.259
0.064
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Outmigration, nearby urban
cities
B
p value Exp(B)

1.045
0.970
0.811

0.032
-0.053
0.070

-.108
0.065

0.239
0.310
0.054*
0.864
0.829
0.913

1.032
0.948
1.072

-0.274
-0.383

0.405
0.051*
0.606
0.842
0.622
0.559

0.897
1.067

0.727
1.075
0.539
0.873
0.972
0.403

-0.317
-0.016
-0.578
-0.141
-0.547
-0.230

0.267
0.647
0.004***
0.062
0.080
0.449

0.728
0.984
0.561
0.868
0.579
0.795

0.255
-0.062
-0.217
0.014
-0.105
0.099

0.408
0.157
0.321
0.858
0.752
0.768

1.291
0.940
0.805
1.015
0.900
1.104

1.115
0.849
0.735
0.582
0.053*
0.147
66.4

-0.123
0.241
-0.508
0.683

0.655
0.367
0.082
.027**

0.884
1.272
0.602
1.981
0.001***
0.157
68.8

0.145
-0.544
-0.078
-0.575

0.628
0.054*
0.804
0.099

1.156
0.580
0.925
0.563
0.001***
0.121
75.2

0.761
0.682
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Appendix 8
Results of the empirical binary logit models for determinants of adoption of government intervention services.

Government intervention services
Community milk processing centres
B
p value
Exp(B)

Financial assistance, farm capitalisation
B
p value
Exp(B)

Determinants
Farmers attributes
Age
-0.052
0.156
0.950
0.053
Farming experience
0.026
0.389
1.026
-0.036
Household size
0.154
0.221
1.166
-0.003
Education
0.716
Education(1)
-0.259
0.630
0.772
-0.336
Education(2)
-0.489
0.440
0.613
0.141
Economic-resources
Income class(1)
0.898
0.005**
1.134
0.788
Animal holdings
0.136
0.002***
1.021
1.093
Farm size
-0.077
0.698
0.500
2.518
Location
-0.022
0.765
0.983
0.936
Irrigation
0.396
0.232
0.802
3.488
Land ownership
0.260
0.411
0.486
1.270
Institutional
Climate information
0.283
0.332
1.328
1.504
Agricultural insurance
0.820
0.004***
2.270
0.803
Livelihood credit
0.255
0.392
1.291
0.669
Extension support
0.196
0.537
1.217
0.882
p value
0.001***
Nagelkerke R2
0.199
Model correctness, %
72.1
***, **, * = significant at 1%, 5% and 10% probability level, respectively
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0.153
0.238
0.979
0.346
0.522
0.821

1.055
0.964
0.997

0.751
-0.003
0.775
0.032
0.382
0.360

0.013**
0.931
0.001***
0.672
0.224
0.247

0.230
0.360

0.422
0.180

-0.238

0.422
0.001***
0.143
73.5

0.715
1.151
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Appendix 9
Human Research Ethics Certificate
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Appendix 10
Key Informant Interview Guides
Research Project Title: Towards climate-smart livestock: the role of water buffalo in increasing
livelihood resilience in Central Luzon, Philippines
This project is part of Charles Darwin University, Higher Degree by Research course, in
collaboration with the Philippine Carabao Center.
Carabao farming has the potential to address national issues on poverty alleviation, nutritional and
livelihood improvements in the Philippines; providing additional income and producing milk and
meat for the rural people. However, the full potential of carabao as a commodity has not been
studied yet with the increasing production challenge under a changing climate. Climate change is
expected threaten both socio-economic and environmental sustainability of agricultural production
particularly smallholder farmers. The extent to which climate change impacts are felt depends on
farmers’ response through adaptation. The aim of this research project is to understand the
existing farm-level adaptation practices undertaken by smallholder water-buffalo farmers and the
potential role of climate-smart strategies in improving livelihood resilience.
The project is inviting smallholder farmers, community leaders, farmer’s organization’s heads and
key government officials in Nueva Ecija, Central Luzon to participate and share their experiences
of carabao farming through semi-structured interviews and surveys. These includes asking
people about perceptions on local climate conditions and impacts on household livelihoods,
benefits and challenges of carabao farming, adaptation practices undertaken by farmers, barriers
to adaptation and associated institutional interventions and social arrangements.
There are no anticipated risks in participation to this research project. The data collection methods
will be designed at the participant’s own convenience. The data results will be used for research
purposes only. It is anticipated that the benefits in terms of informing improved adaptation-farming
practices for farmers and its policy implications will be greater than the inconvenience of taking
part in data collection.
Participants will be invited and they can voluntarily decide their participation and freely withdraw
from the discussions at any time. The answers provided will be recorded but will be kept
confidential. Personal contact details, comments and other information will be stored and coded
and it will be impossible to trace by other people. All information from the participants will be kept
for 5 years and then destroyed. Summary of results will be made available for the participants at
the Philippine Carabao Center library in the form of publication in academic journals and
conference proceedings.
The objectives of this interview are: to obtain preliminary understanding of farming system,
agricultural and household characteristics; perceptions of climate and impacts on production;
awareness and adoption of agricultural practices; major constraints and challenges facing farmers;
identify potential and existing climate-smart practices
This research has approval from the Charles Darwin University Human Research Ethics
Committee. If you have any concerns about this project, you are invited to contact the Executive
Officer of the Charles Darwin University Human Research Ethics Committee by:
email: ethics@cdu.edu.au or phone: 08 8946 6923
The Executive Officer can pass on any concerns to appropriate officers within the University.
The information collected is for research purposes and strictly confidential.
Does the participant consent to provide information
Yes ( )
No ( )

274

APPENDICES

I. Key Informant: Farmer Group Leaders

(on-site cooperatives, NGOs, and POs)
Respondent information
Date (dd/mm/yyyy)
Name
Name of group
membership
Number of farmer
members
Year of group's
establishment
Position
Education (level)
Gender
Age
Contact number
Municipality/Village
Years in farming
Data Entry Information (to be filled after the interview)
First data entry name
First data entry code
Language used in
interview

1. Farming system and livelihood perspectives
1.1 In what ways carabao farming/enterprise is contributing your livelihoods?
1.2 Why you make the choice to have carabao farming/enterprise as a
livelihood option?
1.3 What is your perception about the opportunities provided by carabao
farming? Who benefits/loses the most? Why?
1.4 Has carabao farming changed livelihood activities of your group members?
Whose former activities were changed? In what way, in such to allocate the
space and resources for carabao farming?
1.5 How important carabao farming/enterprise is to farming systems in your
community? (sole, main, secondary or third component, others?)
1.6 What is your plan/group goal in the next 5 years? (increase farm size/animal
numbers, maintain farm as it is, improve marketing, expand resource base,
move/relocate to other villages, encourage new farmer members, etc)
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2. Major constraints and challenges facing carabao farmers
2.1 What constraints and problems do you specifically experience in the area of
carabao farming/enterprise? Please state as per:
environmental, _________________________________________
economic, _____________________________________________
institutional, ____________________________________________
production and/or, _______________________________________
post-production (marketing, etc) ____________________________
2.2 Were there any conflicts since carabao development were prioritised by
the government? For example, within the community groups, between
different farmers, between different farmer groups?
2.3 What role your group/organisation is playing in helping to solve
problems/conflicts?
2.4 What government policies affect/influence your involvement in carabao
farming/business?

3. Perceptions of climate and impacts on production
3.1 What is your perception about the changing climate? Is your farm affected?
In what way your farm is affected?
3.2 Do you consider climate change impact as threat to your farm or to your
group/organisation? What are the climate risk/s you experienced? Are there
any other threats to your farm, and are these more or less urgent than
climate change?
3.3 If climate change has impact your farm/group/organisation, are there any initiatives
from your group to help farmers address climate change? Please list down/state if
have any:
____________________________________________________________
____________________________________________________________
____________________________________________________________
3.4 What institutions and policies (governmental and non-governmental) you
think is required to induce the industry to become environmentally
sustainable?
____________________________________________________________
____________________________________________________________
____________________________________________________________
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4. Awareness and adoption of climate smart agricultural practices
4.1 Have you heard about Climate Smart Agriculture (CSA)?
4.2 Have you participated in awareness or stakeholder’s gatherings on
climate-smart agriculture? If yes what kind of issues that relates to your
farm/or group/organisation that were covered in that event?
4.3 Have you/or your group/organisation changed farm practices and strategies
to address climate change? What are these practices/strategies? Please
list down/state if have any:
____________________________________________________________
____________________________________________________________
____________________________________________________________
4.4 When did you and your group started to adopt these changes/practices?
And do you intend to continue with adoption? Why?
4.5 Are your group receiving support in terms of resources from the
government/and or non-government in order to adapt more to climate
change/and or to any other farm challenges? In what form of support/s?
____________________________________________________________
____________________________________________________________
____________________________________________________________
4.6 Do you think it is it important for you and for your group to develop
awareness on climate smart agriculture? What you think are effective
ways to raise awareness and seek support to develop and adopt more
climate smart practices? Please list down/state if have any:
____________________________________________________________
____________________________________________________________
____________________________________________________________
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II. Key Informant: Experts
(farming consultants, private carabao farming practitioners and technicians)
Respondent information
Date (dd/mm/yyyy)
Name
Affiliation and position
Gender
Age
Education (level)
Contact number
Municipality/Village
Years in carabao industry
involvement
Data Entry Information (to be filled after the survey)
First data entry name
First data entry code
Language used in
interview

1. Farming system and livelihood perspectives
1.1 What is/are the known contribution/s of carabao to the agriculture
landscape in Nueva Ecija?
1.2 Do you think carabao farming can be considered as a major livelihood
option? Why?
1.3 What is your perception about the opportunities provided by carabao
farming? Who benefits/loses the most? Why?
1.4 Do you think carabao farming/enterprise will boost farmer's livelihoods?
If yes, in what way?
1.5 Are you aware of any incentive/modality that the government provides to
improvement carabao industry? Please list down. What you think are the
impacts of these to Nueva Ecija province?
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
1.6 How important carabao farming/enterprise is to farming systems in your
community? (sole, main, secondary or third component, others?)
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2. Major constraints and challenges facing carabao industry
2.1 What constraints and problems do you specifically encounter/observe in
the area of carabao farming/enterprise? Please state as per:
environmental, _________________________________________
economic, _____________________________________________
institutional, and/or ______________________________________
production related, ______________________________________
2.2 Were there any conflicts since carabao development were prioritised by
the government? For example, within the community groups, between
different farmers, between different farmer groups and organisations?
__________________________________________________________
__________________________________________________________
2.3 What factor/s influence/affect your involvement in carabao farming
enterprise?
__________________________________________________________
__________________________________________________________
2.4 Regarding the current constraints to carabao industry, what is the role you
expect of governments, farmers and private groups alike? Any
suggestion/s on these aspects.
__________________________________________________________
__________________________________________________________
3. Perceptions of climate and impacts on carabao industry
3.1 What is your perception about the changing climate? Do you think it
affects carabao farmers and industry as a whole? If yes, how?
__________________________________________________________
__________________________________________________________
3.2 Do you consider climate change impact as threat to the industry? Are there any other
threats and/or issue that are more or less urgent than climate change?
3.3 If climate change has impact to the industry, are you aware of any
initiatives from the past and existing programs to address climate change
impact to farmers? Please list down
__________________________________________________________
__________________________________________________________
3.4 What institutions and policies (governmental and non-governmental) you
think are required to induce the industry to become environmentally
sustainable/ or climate-smart?
__________________________________________________________
__________________________________________________________
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4. Awareness and adoption of climate smart agricultural practices within carabao
farming
4.1 Have you participated in awareness or stakeholders gatherings on
climate-smart agriculture? If yes, what kind of issues/concern that were
covered in that event?
4.2 Are you aware of farm practices and strategies to address climate
change? What are these practices/strategies? If you can still recall, since
when these practices are being implemented? Please list down/state if
have any:
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
4.3 Did farmer or any group consult your expertise regarding adoption climate
smart practices? Do you support continued adoption of these practices?
Why?
__________________________________________________________
__________________________________________________________
4.4 What are your observed and perceived benefits and potential of these
climate smart practices?
__________________________________________________________
__________________________________________________________
4.5 Do you think climate smart practices can increase livelihood resiliency of
farmers? In what way/s?
__________________________________________________________
__________________________________________________________
4.6 What you think are effective ways to raise awareness and adopt more
climate smart practices?
__________________________________________________________
__________________________________________________________
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III. Key Informant: Government/Institutional

(on-site local government agri officers, representative from public related
institutions e.g. PCC, BAI, PCAARRD)
Respondent information
Date (dd/mm/yyyy)
Name
Name of institution/office
Position/Designation
Years in service
Education (level)
Gender
Age
Contact number
Municipality/Village
Years in carabao industry
involvement
Data Entry Information (to be filled after the survey)
First data entry name
First data entry code
Language used in
interview

1. Farming system and livelihood perspectives
1.1 What is/are the known contribution/s of carabao to the agriculture
landscape in your locality/community?
1.2 Do you think carabao farming can be considered as a major livelihood
option for farmers? Why?
1.3 What is your perception about the opportunities provided by
carabao farming for farmers and your community? Who benefits/loses
the most? Why?
1.4 Do you think carabao farming/enterprise will boost farmer's livelihoods?
If yes, in what way?
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1.5 What incentive/modality that your locality provides to
improvement carabao industry? Please list down. What you think are the
impacts of these to farmers?
1.6 How important carabao farming/enterprise is to farming systems in your
community? (sole, main, secondary or third component, others?)
2. Major constraints and challenges facing carabao industry
2.1 What constraints and problems do you specifically encounter/observe in
the area of carabao farming/enterprise? Please state as per:
environmental, _________________________________________
economic, _____________________________________________
institutional, and/or ______________________________________
production related, ______________________________________
2.2 Please list the problems/conflicts of that have been resolved in the past
year?
__________________________________________________________
__________________________________________________________
2.3 Were there any conflicts for example, within the community groups,
between different farmers, between different farmer groups, and publlic
and private institutions? If yes, please list down:
2.4 Could you please take me through some specific policies initiated for the
carabao sector in the last decade that have had significant impact on
the industry?
2.5 Regarding the current constraints to carabao industry, what
participation/role you expect of farmers, private groups and other public
institutions alike?
3. Perceptions of climate and impacts on carabao industry
3.1 What is your perception about the changing climate? Do you think it
affects carabao farmers and industry as a whole? If yes, how?
3.2 Do you consider climate change impacts as threat to the industry? Are
there any other threats and/or issue that are more or less urgent than
climate change?
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3.3 If climate change has impact to the industry, what are your initiatives from
the past and existing programs to address climate change impacts? Who
are the stakeholders involved? Please list down
3.4 What is your climate change related objectives, management plans and
goals for the carabao industry for the next five years?
4. Awareness and adoption of climate smart agricultural practices within
carabao farming
4.1 Have you initiated awareness activities or stakeholders gatherings on
climate-smart agriculture? If yes, what kind of related issues that were
covered in that event?
4.2 What farm practices and strategies to address climate change that has
been implemented/practiced or still being practiced in your locality? If you
can still recall, since when these practices are being implemented?
Please list down/state if have any:
__________________________________________________________
__________________________________________________________
4.3 Do you introduce or promote climate-smart practices to farmers?
__________________________________________________________
__________________________________________________________
4.4 Did farmer or any group consult your office regarding adoption climate
smart practices? Do you support continued adoption of these practices?
Why?
__________________________________________________________
__________________________________________________________
4.5 What are the perceived benefits of these climate-smart practices? Do you
have programs (current or past) that identify the potentials of climate
smart practices? Please list down
__________________________________________________________
__________________________________________________________
4.6 Do you think climate smart practices can increase livelihood resiliency of
farmers? In what way/s?
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
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4.7 What are your programs/ways to effectively raise awareness and adopt
more climate smart practices?
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
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Appendix 11
Household Survey Questionnaire

Research Project Title:
Towards climate-smart livestock: the role of water
buffalo in increasing livelihood resilience in Central Luzon, Philippines
Name of Student:

Jacquelyn Escarcha

This project is part of Charles Darwin University, Higher Degree by Research course, in
collaboration with the Philippine Carabao Center.
Carabao farming has the potential to address national issues on poverty alleviation,
nutritional and livelihood improvements in the Philippines; providing additional income and
producing milk and meat for the rural people. However, the full potential of carabao as a
commodity has not been studied yet with the increasing production challenge under a
changing climate. Climate change is expected to threaten both socio-economic and
environmental sustainability of agricultural production particularly of smallholder farmers.
The extent to which climate change impacts are felt depends on farmers’ response through
adaptation. The aim of this research project is to understand the existing farm-level
adaptation practices undertaken by smallholder water-buffalo farmers and the potential role
of climate-smart strategies in improving livelihood resilience.
The project is inviting smallholder farmers in Nueva Ecija, Central Luzon to participate and
share their experiences of carabao farming through household survey. These includes
asking people about perceptions on local climate conditions and impacts on household
livelihoods, benefits and challenges of carabao farming, adaptation practices undertaken by
farmers, barriers to adaptation and associated institutional interventions and social
arrangements.
There are no anticipated risks in participation to this research project. The data collection
method is designed at the participants’ own convenience. The data results will be used for
research purposes only. It is anticipated that the benefits in terms of informing improved
adaptation practices for farmers and its policy implications will be greater than the
inconvenience of taking part in data collection.
Participants will be invited and they can voluntarily decide their participation and freely
withdraw from the discussions at any time. The answers provided will be recorded but will
be kept confidential. Personal contact details, comments and other information will be
stored and coded and it will be impossible to trace by other people. All information from the
participants will be kept for 5 years and then destroyed. Summary of results will be made
available for the participants at the Philippine Carabao Center library in the form of
publication in academic journals and conference proceedings.

This research has approval from the Charles Darwin University Human Research Ethics
Committee. If you have any concerns about this project, you are invited to contact the
Executive Officer of the Charles Darwin University Human Research Ethics Committee by:
email: ethics@cdu.edu.au or phone: 08 8946 6923
The Executive Officer can pass on any concerns to appropriate officers within the
University.
The information collected is for research purposes and strictly confidential.
Does the household consent to provide information?
Yes [ ],
No [ ]
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Data Entry Information (to be filled after the survey)
First data entry name
First data entry code
Second data entry name
Second data entry code
The Household includes the people who live and share meals and income generated with farming.
Members who live somewhere else and only come to visit and bring money are not household
members.

PART 1: GENERAL HOUSEHOLD INFORMATION
A. Respondent information Please ( ) corresponding [

].

Name
Gender

Male [

]

Female [

]

Age (years)

Farming experience (years)

Primary
occupation

Year started with carabao farming?

Education

[
[

] No formal
] High school graduate

education

[
[

] Attended grade
] Attended college/university

school

[
[

] Grade school graduate
] College/university graduate

[

] Attended high school

Name of household head
Relation to household head
Age of household head

Membership
institutions

in

Number of household members

local

[

] Cooperatives

[

] Non Governmental Organisations (NGO)

[

] Government initiated groups

[

] Affiliation with government/political groups

[

] Community/village associations

[

] Other private groups /people organisation

[

] Others, pls specify: _______________________________

Date of survey (dd/mm/yy)
Mobile phone number of respondent
Language used
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B. Geographical location
Province
Municipality
Barangay
Street/Sitio
Number of years of stay in the area

C. Land
Type of land

Area (ha)

Farm size
Residential
Land leased IN
Land leased OUT
Shared/Government owned land
Total land owned
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(Yes

or

No)
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Livestock, Carabao

Dry season

Plot
Please (✔) or (✗) if have
products relative to season

Wet season

E. Ranking of Farming Activities
Inventory and
ranking of most important means of income and consumption produced on-farm. Include crops & livestock
products and grazing areas.

✔

✔

Please rank top 5 items, leave rest blank
from 1 (most important) to 5 (least important)
Most
important for
sales

Most important
for household
consumption

Taking most of
the labor

Taking
most of the
land

Cattle
Goat
Pigs
Poultry
Crop, Rice
Onion
Corn
Forage
Fruit trees (e.g. mango)
Grazing area
Others: _____________
Others: _____________

PART 2: CARABAO FARMING AND LIVELIHOOD PECEPTIONS

Please (✔) applicable items.
1. What made you choose carabao farming/enterprise as a livelihood option? Please check
applicable items:
[

] Government program/intervention

[

] Non government organisation (NGOs) intervention (e.g. Coops)

[

] Need for alternative source of livelihood

[

] Influence of friends and neighbors

[

] Continuity of family practices (already part of the farm)

[

] Social integration (join festivals and related events/competition)

[

] Passion

[

] Others, please specify: __________________
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2. What are the main sources of family income? Approximate values
[ _________ % ] Livestock products
[ _________ % ] Crop products
[ _________ % ] Payment for renting out land
[ _________ % ] Wage/salary from employment
[ _________ % ] Remittances
[ _________ % ] Pension
[ _________ % ] Gifts from friends and relatives
[ _________ % ] Support from government (4Ps) and organizations
[ _________ % ] Others, please specify: _______________
3. Do you consider carabao farming as an important component of your livelihoods?
[ ] Yes
[ ] No
4. If yes, how important is carabao farming in the daily lives of your family/household?
[ ] Extremely important
[ ] Very important
[ ] Moderately important
[ ] Slightly important
[ ] Not at all important
5. How has your household income changed in the last 5 years?
[ ] Increased
[ ] Decreased
[ ] About the same
6. In what ways and manner carabao farming/enterprise is contributing to your livelihoods?
Contributions/functions

Always

Income, for buying basic daily
household needs like food and hh
items
Buffering
, covering unexpected
costs, normally for children (school
fees, illness, accidents, etc)
Consumption, for enough protein
(meat, milk) and healthy diet of our
family
Accumulation, to increase household
income/investments and production
Insurance, in case household needs
money fast, unexpected consumption
demands, serious crop failure
Social integration, to have respect in
the community, ownership may confer
status, or animals may be exchanged
to certain relationships or local
celebrations
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7. Do you have more or less number of animals 5 years ago?
] More [ ] Less
B. Carabao inventory/Herd structure
(Please insert details per animal per row)
Number of
animals NOW

Breed
(Pure, Cross, Native)

Sex

Age

Purpose
(traction, meat, milk, breeding or
“cow-calf”)

Sold

Others
(lost,
stolen)

Changes in number over the last 5 years:
Total
number 5
year ago

Born

Gift in/
shared
in

Animal
Loan
payment

Purchased

Consumed

Deaths

For FEMALE Animals Only
Number of
pregnant

Number of
lactating

Lactation length
(month)

Milk yield peak
(liter/day)

Milk yield low
(liter/day)

8. What
is
causing
the
change
in
your
animal
numbers?
_________________________________________________________________________________
_________________________________________________________________________________
_____________________________________________________________________
9. What do you think is the ideal animal number to
benefits?
[ ] 1-5 heads
[
[ ] 6-10 heads
[
[ ] 11-15 heads
[

reach full potential of carabao farming to your
] 16-20 heads
] Over 20 heads
] Other/particular number: _________

10. In your farm, what are the most important product sales derived from carabao?
(Please ( ) if have and rank top 3 produts, 1 as most important)
Product

( ) or ( )

Rank

Quantity

Unit Price

Fresh milk

L/day: __________

Php/L: _________

Live animals

Head/yr: ________

Php/Hd: ________
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Animal
traction/
services fee

Day/mo: ________

Php/mo: ________

Processed products
from
milk
(ex:
pastillas,
cheese,
cosmetics, etc)

Php/mo: ________

Php/day: _______

Manure

Bag/mo:

Php/bag: _______

Others

_____________

____________

11. What is your perception about the opportunities provided by carabao farming to your livelihoods?
[ ] Extremely promising
[ ] Very Promising
[ ] Moderately promising
[ ] Slightly promising
[ ] Not at all promising
12. Has carabao farming changed your standard of living?
[ ] A lot better now
[ ] A little better now
[ ] About the same
[ ] A lot worse now
[ ] A little worse now
13. What is your farming plan/goal in the next 5 years?
[ ] Increase animal numbers
[ ] Maintain animal inventory as it is
[ ] Improve farm productivity (in terms of value & volume of produce)
[ ] Process own milk into other products
[ ] Improve farm resources (add forage garden, improve housing, etc)
[ ] Add other livestock species
[ ] Quit carabao farming
[ ] Others, please specify: ___________________________________
14. What constraints and problems have you faced in the area of carabao farming/ or enterprise?
Economic
(ex. market, prices & payment of sales, etc)
5
4
3
2
1
Environmental
(ex. effects on availability of resources like
water due to of changes in weather &
climate)
Institutional
(extension and support services)
Production
(breeding & health)
Post production
(marketing, quality of produce)
Others, please specify: ____________

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1
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PART 3: PERCEPTIONS ON CHANGES IN CLIMATE AND ITS EFFECTS
1. Have you heard about climate change?
[ ] Yes

[

] No

2. If yes, how did you get climate/weather information?
__________ official government weather bureau
__________ non-government/private agencies forecast
__________ local traditional weather forecast
__________ community leader announcement
__________ social media posts like facebook, twitter etc.
__________ mass media (tv, radio, newsprint, etc)
__________ elders pronouncement of when to expect climate disturbance
__________ others

3. Do you personally believe about global climate change?
[ ] Yes

[

] No

4. Have you observed or experienced changes in weather or climate over the past 5 years?
Yes
[ ] No

Observed
occurrences

climate

Increasing

Decreasing

No change

Please check ( ) applicable observations

No of wet rainy days
No of dry summer days
Rainfall intensity
Temperature
Humidity
Increasing in
Frequency/Intensity
Heat wave
Drought
Torrential rains
Flood
Typhoon
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Frequency/Intensity

No change

[

]
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5. Can you recall climate events that affected your farm/ and your livelihoods? Please ( ) applicable
events
Year
Climate events
2000-2005 2006- 2010
2011
2012
2013 2014
2015
Typhoon
La Niña
El Niño
Early dry season
Prolonged wet season
(Southwest monsoon or
Habagat
Others: pls specify

6. In what way/s that these climate events and changes affected your farm?
Please check ( ) or ( ) as experienced

Typhoon
La Niña
El Niño
Early dry season
Prolonged wet season
(Southwest
Habagat)

monsoon

or

Heat wave
Drought
Flood
Others
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Others

Logistics/marketin
g problem

Increase
production cost

Poor
Product
quality (-milk)

Herd
inventory
(+mortality)

Animal breeding
(-conception)

(+Diseases)

Animal health

Climate events and changes

Feeds and feeding

Observed effects to your farm
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7. Considering the observed effects of climate events and changes in your farm, how would you rank
climate change as driver for changes?
[ ] Extremely strong impact
[ ] Very strong impact
[ ] Moderate impact
[ ] Slight impact
[ ] No impact at all
8. Do you consider the changing weather/climate as threat to your farm and livelihoods now?
[ ] Yes
[ ] No
9. Are there any other drivers of change that more or less affected/influenced your farm and
livelihoods?
[ ] Yes
[ ] No
If yes, what are this/these? Pls scale ( ) and/or specify others should you have any:
Extremely
influential

Items/

Very
influential

drivers of change
Government policies
and programs
NGO
and
interventions

private

Land conversion
Migration
Social changes
Financial/access
resources

to

Declining
farming

to

interest

Climate change
Others:
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Moderately
influential

Slightly
influential

Not at all
influential
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PART 4: ADAPTATION PRACTICES AND STRATEGIES:
EVIDENCE OF ADOPTION/NON ADOPTION
1. Have you made some changes the way you manage your farm because of changes in climatic
conditions?
[ ] Yes
[ ] No

Feeds and feeding
Breeding and health
Production
resources

inputs/farm

Market responses
Capacity
improvement

knowledge

Institutional link/ involvement
Others, please specify:

Notes/remarks
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Not at all likely

Slightly likely

Moderately
likely

Farming Aspect

Very likely

Completely
likely

2. What particular farming aspect/s have you adjusted/changed in response to the changing climatic
conditions in your area? Please scale ( ) as to likelihood to which you likely changed/adjusted and
state the reason why:

Reason/Comment

APPENDICES
3. To safeguard livelihoods in response to climatic events and changes, which among the following
noted adaptation practices and coping adjustments in your area have you adopted?
Please ( ) applicable column as practiced
Biophysical-on farm

Yes

Never

Not any
more

Will likely be
adopted in
the future

Relocate animals or improve housing condition
Optimise use of farm resources
(crop residues for feeding)
Adjust harvest time of forages/ grazing duration
Build windbreaks and trees around the farm
Others: please specify
____________________________________
Economic
Sale of animals
Sale of other assets (household appliances,
farm equipments)
Re-investment, loans to restore lost resources
Avail crop and/or livestock insurance
Shift to other activities/ income source aside
from farming
Reduction on food expenditures and other basic
necessities
Complementary income sources (carpentry,
driving, etc)
Others: please specify
____________________________________
Socio-cultural
Change in attitude towards the environment
Quit farming and try other job/salaried
employment
Outmigration/ move to urban center for
employment
Praying to God
Offering harvest/products through cultural
festivals
Others: please specify
____________________________________

4. Who do you usually rely in terms of taking decision to choose such practices/actions?
[ ] Government
[ ] Non-government & other private institution
[ ] Household members
[ ] Household head only
[ ] Neighboring farmers and friends
[ ] Others, please specify: ____________________
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5. Are you receiving/have received support from the government/and or non-government in order to
adapt more to climate change/and or to any other farm challenges?
[ ] Yes
[ ] No
In what form of support/s?: _____________________________________________

1

6. Have you heard about Climate Smart Agriculture (CSA)?
[ ] Yes
[ ] No

7. If yes, where or whom did you know/learn the information from?
[ ] Trainings/seminars
[ ] Mass media (ex. TV, Radio, Newspaper)
[ ] Social Media (Facebook, Twitter, etc)
[ ] Community leader/Organisation head
[ ] Friends/Neighbors
[ ] Others, please specify: _____________________
8. Have you participated in awareness or stakeholder’s gatherings on
climate-smart agriculture?
[ ] Yes
[ ] No

9.

If yes, what kind of issues that relates to your farms that were covered in that event?
[ ] Adaptation
[ ] Mitigation
[ ] Productivity improvement
[ ] Others: ___________________________________

10. Do you think it is it important to raise awareness and seek support to develop and adopt more
climate smart practices?
[ ] Yes
[ ] No

11. If such Climate Smart practices will be introduce or practice widely in your community, will you
agree to adopt/ continue to adopt such practices/strategies?
[ ] Completely agree
[ ] Agree
[ ] Somewhat Agree
[ ] Neither agree or disagree
[ ] Somewhat disagree
[ ] Disagree
[ ] Completely disagree

1

Climate Smart, agriculture that sustainably increases productivity and incomes; adapting and
building resilience (adaptation) to climate change; and reducing and/or removing greenhouse gas
emissions, where possible.
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Why you think so? ________________________________________________
_______________________________________________________________

12.

In response to climatic events and changes, there are Climate Smart practices that have been
studied as listed below, which among the following have you adopted?
Please ( ) applicable column as practiced

Feeds and Feeding

Yes

Planting forage trees/shrubs or legumes aside
from grasses
Hedgerow planting
Adjust planting time of forage
Increase forage planting area
Silage making
Rice straw or hay stacking
Adjust grazing system
Decrease usage of purchased feeds
Others: please specify
__________________________________
__________________________________
__________________________________
__________________________________
Production adjustments
Diversification, add more livestock to farm
Improve housing condition of animals in terms of
materials, space and location
Manure
management
(vermiculture)
for
additional income
Conservation of water, improve availability
Invest in water/irrigation to ensure farm water
availability
Improve facilities/invest for milking like durable
milk containers
Others: please specify
___________________________________
___________________________________
___________________________________
Breeding & Health
Invest

in

regular

health

programs

like
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Never

Not any
more

Will likely be
adopted in the
future
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vaccination, deworming, etc.
Practice proper grazing time-duration “rotational
grazing”
Observe and record heat cycle of animals to
detect best breeding time
Others: please specify
___________________________________
___________________________________
Access
to
training
or
seminars
for
environmentally sustainable farming
Benefit from membership to cooperatives and
related organisations
Attend training for alternative livelihoods
(handicraft making, carpentry, carabao product
processing, etc)
Recipient of government learning/livestock
school program for farmers
Involvement of women and children in farm
activities
Others: please specify
___________________________________
___________________________________
Institutional responses
Access to livestock insurance
Recipient of government animal loan/dispersal
programs
Avail assistance for establishment of community
milk processing centers
Access to more a wider milk market
Recipient of government assistance: deep-well
sets
Availability of credit for farmers to improve
livelihoods
Others: please specify
___________________________________
___________________________________
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13. What do you think are the limitations and constraints for adoption of Climate Smart practices?
Cost/Financial
5

4

3

2

1

Lack of knowledge
Lack of recognition on benefits
(need to see and experience the benefits first)
No support from related institutions
Need for adoption or importance of adopting not
recognised
Others,
please
specify:
___________________________________
___________________________________

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

5

4

3

2

1

Please
encircle
score as to
extent of
problem
(5 as
highest/
always
encountered

14. What institutions and policies (governmental and non-governmental) you think is required to induce
the industry to become Climate Smart?
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________

Other notes:
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
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Appendix 12
Article versions, full-text PDF of publications included in this thesis
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Abstract: We conducted a systematic literature review to document the scientific knowledge
about climate change impacts and adaptation in livestock systems, and to identify research gaps.
The analysis was built from the premise that livestock offers substantial opportunities for food
security and sustainable development if adaptation to climate change is appropriated. In examining
126 suitable peer-reviewed publications we discovered five research gaps: (1) a lack of research
in Asia and South America; (2) a lack of mutual investigation and linkages between impacts and
adaptation; (3) a lack of emphasis on mixed crop-livestock systems; (4) a lack of emphasis on
monogastric livestock; and (5) an underrepresentation of quantitative methods including yield
impact models. The findings suggest that the research on climate change impacts and adaptation in
livestock systems needs to move beyond certain geographical contexts and consider key vulnerability
priorities, particularly from developing countries. It is pivotal that research begins to jointly look at
climate change impacts and the livestock keepers’ adaptation to draw out policy implications and to
effectively target support for impact-specific adaptation options. Only if such evidence is established,
adaptation will be appropriated accordingly to the needs of the livestock sector, and provision for the
growing demand of animal-based products will be secured.
Keywords: agriculture systems; livestock production; climate change risks; impact assessments;
sustainable adaptation

1. Introduction
Global livestock production is now under immense pressure. The increasing demand for livestock
products has been largely driven by population growth, urbanization, increase in incomes, and shifts
in diet [1,2]. Livestock systems operate under a wide range of environmental conditions, causing
production to be increasingly affected by climate change. A quarter of the global economic impact
caused by climate-related extremes was absorbed by the agriculture sector, wherein livestock, next to
the crop subsector, faces most of the total damage and loss [3]. The livestock sector has recently had the
lowest annual increase in meat production (1 percent in 2016; [4]). The future of the livestock sector will
be increasingly challenging with the projected scarcity of resources crucial for production, particularly
land and water, under climate change [5]. Climate change leads to reductions in livestock productivity
by directly depressing animals’ adaptive response mechanisms, altering the spread and prevalence of
diseases [6], and causing heat stress and related welfare issues [7]; and indirectly by compromising
the availability of feed crops and quality of forages [8]. Thus, generating research evidence of climate
change impacts and adaptation on livestock will have important implications for the development of
the sector and the people depending on it.
Livestock production employs 1.3 billion people and sustains livelihoods of about 900 million
poor people worldwide [9]. Livestock and animal source food provide 14% of the total calories and 33%
Climate 2018, 6, 54; doi:10.3390/cli6030054
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of the proteins in the world population’s diets [4]. Further, livestock has the potential to strengthen
resilience to climate change, as it tends to be more resilient than crop-based systems [10]. However,
to enhance livestock resilience to climate change, a better understanding is needed of the way the
sector is affected [11]. Effective policy and practice requires sector-specific data about the nature and
magnitude of impacts triggered by climate change [12,13]. As the extent to which climate change
impacts vary across different livestock systems [14,15], understanding these differences is critical to
the formulation of policy and practices [16]. Alignment of knowledge on climate change impacts and
adaptation across different scales is also important to identify common concerns that can encourage
collaboration among different production systems, and areas which climate change is likely to impact
negatively [17]. Likewise, the unidentified gaps in research relating to climate change impacts and
adaptation in livestock limits the understanding, and weakens the ability, of the sector to deal with
future climate change impacts and to monitor adaptation progress over time.
As the livestock sector is very dynamic, there have been relatively few studies on climate change
impacts on livestock, as compared to crops [18], and the available evidence is still fragmented [19].
Data on the damage and losses caused by climate change is not systematically collected or reported
worldwide [3]. In addition, collecting and synthesizing livestock data is always a challenge because
of heterogeneous production systems, varied agroecological zones, and, in most cases, different
production objectives [20,21]. There are also a variety of practices across production systems according
to cultural, socio-economic, and institutional conditions [22,23]. Ultimately, the importance of livestock
to a country’s development agendas depends on the multiple socio-economic values, and the cultural
benefits it provides [24,25].
A few reviews have documented climate change impacts on livestock productivity [17,26,27]
and on peoples’ livelihoods in developing regions [15,23,28]. Previous research has also investigated
climate change impacts on livestock, including through higher frequencies of weather extremes, such as
droughts [29], floods [30], and heat waves [7], as well as variations in rainfall and temperature [31].
However, no global systematic reviews have been undertaken on how the livestock sector is affected
by and adapts to climate change.
Here we systematically document the available knowledge on climate change impacts and
adaptation in the livestock sector. Our aims are to (1) assess the main climate change impacts on the
livestock sector; (2) determine which areas of livestock production are affected the most; (3) synthesize
adaptation responses in different production systems; and (4) reveal research gaps regarding impacts
and adaptations relevant to different production systems. Specifically, two indicative questions were
posed to guide the review process: (1) What is the current documented evidence of climate change
effects on different livestock production systems; and (2) how do these climate change impacts trigger
responses or links to adaptation across the different systems?
2. Materials and Methods
We conducted a systematic review of which the benefits are transparency, rigor, and replicability [32],
following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [33], which have also been used in previous climate science related systematic reviews [34,35].
2.1. Search Strategy and Selection of Literatures
We carried out an electronic literature search to capture relevant peer-reviewed articles published
in the English language only, with no imposed limits on the year of publication, study design,
or geographical coverage. We aimed to limit the selection of literature to studies that explicitly cover
climate change and its impact on livestock, and further, showed links to adaptation in the livestock
sector. As “climate change” can manifest itself in various ways (e.g., change, variability, and extremes),
and “livestock” often excludes “poultry”, different keyword combinations were used to capture the
fullness of the topic. Further, as the concepts of “impact” and “adaptation” are strongly intertwined,
and also encompass “risk”, “resilience”, and “vulnerability”, a supplemental manual search was
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carried out [36]. The lead author independently conducted the database searches between 1 September
and 15 October 2017. The search was run in Scopus and Web of Science, and included titles, abstracts,
and keywords. The search strategy was specific to each of the two databases (see Figure 1).
The key search terms used in combinations were: “climate change” (weather, variability),
“livestock” (poultry*ruminants), “impact” (heat stress; feeds; pasture; production; reproduction;
health; vector-diseases), and “adaptation” (strategies; vulnerability; risks; resilience). The search
resulted in a total of 427 articles (excluding duplicates). Inclusion and exclusion criterion were applied
on these 427 articles and we finally retained 126 articles, which were reviewed in full detail and
analyzed further.

Figure 1. Search and selection process of the documents for review.

2.2. Data Management, Coding, and Analysis
We imported the final 126 articles from Endnote into Nvivo11 for further synthesis, coding,
and analysis. The use of this software helped to reduce human error in data coding and analyzing
the content using multiple factors in the literatures for review [37]. Bibliographic information was
automatically classified once imported. A list of data categories was developed beforehand to ensure
consistency of data extracted from individual articles (see Supplementary Materials S1). Based on the
pre-determined categories, data were identified and coded as nodes and cases for further analysis.
Nodes included the key concepts for content analysis, while cases were coded such as to include
information on the background of the publications selected. Data were coded accordingly, as reported
from the 126 included documents. To identify the key literature trends, the bibliographic information
and background of included documents were transformed first into quantitative measures [38].
We used content analysis to synthesize the extracted data, infer contextual meanings, and further
define the scope of the review [39]. Data summaries were created into tabulations of frequency
counts and percentages. Qualitative evidences were drawn on the nodes that were initially developed:
“exposure”, “impacts”, “adaptation”, and “implications and knowledge gaps”. Data content within
each of these nodes were classified into sub-categories. Common findings were collated through
interactive visualizations.
3. Results
3.1. Number and Type of Publications
The number of peer-reviewed papers on climate change impacts and adaptation in the livestock
sector has increased rapidly since 2000 (see Figure 2a). The very few publications (seven articles)
before 2000 were excluded because they were not associated with livestock. The classification based on
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the first author’s affiliations demonstrated that the considered publications were written by authors
from research and higher education sectors (50%), governmental (33%), non-governmental (11%),
and inter-governmental organizations (4%). A few were published by private environmental consulting
firms (2%) (see Figure 2b).
Though most publications were journal articles (74%), there were some reviews (16%), and book
chapters (10%) (see Figure 2c). The publications were methodologically conducted either as conceptual
(52%) or empirical (48%) studies. Results from this research were derived from secondary data
through conceptual synthesis, 43% on primary investigations using case/cross-sectional studies
and 6% on experimental/statistical modelling methods. Publications that used secondary data were
mostly qualitative in nature containing reviews and conceptual articles. These mainly covered generic
assessments and descriptions of likely climate change impacts and adaptation challenges facing
livestock. There were few publications relating to quantification of climate change impacts and
adaptation in livestock systems (6%).

Figure 2. Publications reviewed grouped by (a) number of publication by year; (b) methodological
background; and (c) classification of first authors by affiliation; N = 126.
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3.2. Geographical Concentration
Though most publications were country-specific (57%), some were global (23%), and some
regional (20%). The split between developing (45%) and developed (43%) countries or regions was
nearly equal, with the remaining 12% having global coverage. The United States and Australia (42%)
dominated the studies from the developed world followed by India, China, and the United Kingdom
(see Figure 3). Most publications from the developing world were from Africa (56%), and these were
largely from Ethiopia and Kenya (45%). Only a few of the publications from developing countries
were from Asia (23%) or South America (4%).

Figure 3. Geographical distribution of the reviewed publications by study area and geo-economic
focus, N = 126. (The intensity of color indicates the frequency of studies per country) (Powered by
Bing®DSAT for MSFT, GeoNames, Microsoft, Navteq, Thinkware Extract, Wikipedia).

3.3. Production Systems
We classified the focus on publications by production systems using the Food and Agriculture
Organization of the United Nations (FAO) classification (see Figure 4). More than half (55%) covered
solely livestock systems in which more than 90% of dry matter fed to animals comes from rangelands,
pastures, annual forages, and purchased feeds, and 10% or less of the dry matter eaten by animals
is provided by crop production. This system covers two sub-classification: the landless (14%)
and the grassland-based (86%) systems. Publications under grassland-based systems considered
pastoral farming from African countries, and extensive grazing particularly for small ruminants,
whilst rangelands and intensive grazing conditions were investigated in Australia and the United
States (see Supplementary Materials S2 for complete list).
About 15% of the publications were about mixed crop-livestock farming systems in which animals
are fed mostly on dry matter from crop by-products or at least 10% of the total value of production
comes from non-livestock farming activities such as crop production. Almost all of the publications in
this system were from developing countries or regions where the system is described as agropastoral,
which means that in addition to pastoral farming, crop cultivation is integrated, and crop residues are
provided to livestock [40]. In terms of system descriptions, we found limited information by which to
identify the specific sub-systems under mixed farming as rain-fed or irrigated. Additionally, while 18%
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of publications were presented in a form of a sector-wide overview pertaining to livestock, 12% were
not associated with a specific type of system.

Figure 4. Focus of reviewed publication classified by production systems, (N = 126).

3.4. Livestock Types
The majority of the publications covered multiple livestock types at a time, and a few covered
specific types, such as camels (4%), ass and donkeys (4%), and yaks (3%). About 71% from total
publications were focused on ruminants, classified further into large (62%) and small (38%) ruminants.
Cattle was identified as the most studied species (25% from total publications) in addition to
publications directed at dairy (9%) and meat or beef-type (7%). There were also a few that dealt
with water buffaloes (3%). The studies on small ruminants (27% from total publications), consisted
of 56% on sheep and 44% on goats. Around 19% considered monogastric animals, including poultry,
mainly chickens (13%) and pigs (6%).
3.5. Climate Parameters
The main climate parameters that were studied in the reviewed publications were increasing
temperatures (78%), followed by rainfall or precipitation variability (63%) (Table 1). Multiple climate
change related extreme weather events were investigated in 82% of total publications, mainly drought
(50%), extreme weather in general (37%), extreme heat (36%), increasing occurrences of floods (17%),
and more intense typhoons or cyclones (6%).
Table 1. Livestock exposure to the different climatic variables, N = 126.
Climate Parameter

Number of Publications

% of Total

Increasing temperature
Rainfall variability
Drought
Weather extremes (general)
Extreme heat
Flood
Typhoon

98
80
63
47
45
21
8

78
63
50
37
36
17
6

3.6. Main Impacts
We found eleven different production areas (Table 2) that were investigated and found to be
affected by climate change. These were: feeds (mentioned in 52% of the publications), diseases
(43%), economic (36%), water and land resources (35%), production (32%), heat stress (23%), livestock
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numbers (22%), reproduction (22%), biodiversity (13%), food security (13%), and product quality (10%)
(see Figure 5).

Figure 5. Representation of the complex and interacting climate change impacts on livestock. (Bubble
size represents impact domains in proportion to the number of studies and percent of total reviewed
publications. The one-way arrow (!) directly points one impact domain to another, while the
double-headed arrow ($) represents two-way interaction of the two impact domains).

Of the publications, 92% simultaneously looked at multiple impacts to the different production
areas, while a few focused on a single impact alone, including specific discussions on diseases
(e.g., [41–43]) and on feeds (e.g., [44–47]). The emerging pattern of interactions of these different
impact focal areas implies that climate change affects livestock in many ways—from one production
aspect leading to a complex interaction with one or more other production areas.
Further analyses of content showed other notable findings: (1) almost all of the impact areas
(nine out of eleven) examined had a further effect on the economic aspects of livestock production;
(2) heat stress directly impacts animals through aspects such as production, reproduction, livestock
numbers, disease occurrences, and product quality; (3) production aspects and livestock numbers were
most likely affected by the indirect effects of heat stress, diseases, reproduction, production, and feeds;
and (4) other impact domains are interconnected or associated from one to another, such as water and
land resources to biodiversity, and economic impacts to food security. The reported effects of climate
change on livestock are summarized in Table 2.
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Table 2. Summary of climate change impacts on livestock from reviewed publications, N = 126.
Impact Domain

Specific Climate Change Impacts Reported

Feeds

-

Decline in pasture, rangelands, crops, and forages productivity 1,3,5,6
Deterioration of feeds quality, e.g., herbage and forage digestibility 1,2,3
Altered grazing system and temporal pattern of grassland production 2,3,5
Reduced quantity and availability of forage and grains feedstuffs 1,3,5,6

Diseases

-

Shift in disease pattern and distribution of infectious diseases 1,2
Change in abundance and activity of disease vectors e.g., insects 6
Increase persistence and survival of pathogens and parasites 1,2
Higher prevalence of endemic diseases e.g., helminths in ruminants 1,2,6
Increasing prevalence of respiratory infections in poultry 1,2
Higher incidence of mastitis in dairy animals 1
Changing severity of human–livestock diseases 5,6

Economic

-

Increased risk of pastoralist household livelihoods 1,3,5
Reduce cashflow and decrease savings of herders 3,4
High price volatility and high transaction costs, e.g., disease outbreaks 4,5
Trade issues, more problematic grain supply and trading pattern competitors 1,3
Loss of farm profits, e.g., egg production and dairy cattle 1,3,4,5
Increase in cost of labor and unemployment within rural regions 3,5
Decline in product prices and net value of animal stocks, e.g., beef and lamb 5,6

Water and land resource

-

Increases competition and conflicts to grass and water access 1,3
Altered land use allocation and system changes 1,5,6
Declining quantity and quality of drinking water and pasture 3,5,6
Changes in properties of pasture soils—drier, harder, and less nutritious 3,5

Production

-

Decline in milk yield and meat production 1,3
Low production efficiency in poultry and cattle 1
Reduced wool production 1,3
Poor growth and live weight losses e.g., beef cattle and sheep 1,3,5

Heat stress

-

Alters the physiological and behavioral functions of livestock 1
Decreases forage intake, nutrient absorption, and feed conversion efficiency 1,3
Body temperature beyond 45–47 C is lethal in most species 1
Negative implication on animal’s reproductive and breeding performance 1
Alters composition of products, e.g., milk lipid profile 1
Increased concerns on animal welfare, e.g., cattle feedlots 1

Livestock numbers

-

Higher livestock death in pastoral system 4
Disproportionate decrease in stocking rates 1,3
Increased in still births, embryo mortality, and abortions 1,3
Recorded 3000 goats and sheep and 500 yaks death in Northern Pakistan 1,3
Increasing camel calf mortality 1,3
Higher rates of preslaughter mortality in broiler chickens 1

Reproduction

-

Decrease in reproductive performance, e.g., lower conception rates 1,5
Decrease in animal fertility, general fitness and longevity 1,5
Reduced birthing rates, increases in age at first calving in beef cattle 1,5

Food security

-

Increase number of people not receiving enough food to maintain healthy life 5,6
Disproportionate regional distribution of hungry people 3,5,6
More pronounced dependency on food aid in pastoral communities 3,4
Decrease in production levels of food (less food available or for sale) 3,5

Biodiversity

-

Genetic biodiversity loss 6
Population reduction of rare breeds 1,6
Species and breed displacements 3,6
Predation of livestock by wildlife 3
Reduced synergy between crop–livestock 3

Product quality

Negative influence on quality of fur, wool, and cashmere 5
Results to lower average egg weight and poor egg shell quality 1,5
Affects nutritional contents of livestock products 5
Impacts carcass fatness, meat flavor/taste and tenderness in beef cattle 5
Observed greater reductions in milk quality, e.g., dairy goats 5
Increasing number of carcass condemnation 5
1 temperature; 2 rainfall/precipitation variation; 3 drought; 4

As it links to climate parameters:
5 multiple climate variables; 6 global climate changes (general).

extreme events;

3.7. Adaptive Responses
Following Kates et al.’s [48] adaptation concepts and Herrero et al.’s [17] proposed classification
of adaptation options for livestock, adaptive responses were explicitly reported in existing
publications (see summary list in Table 3). Incremental adaptation through technical and management
improvements occurred as the most common response. These were particularly noted in local-scale
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case studies from developing countries (e.g., [49,50]). A few studies focus to a lesser extent on
systemic adaptation options such as altering farming systems components, institutional and policies
changes (e.g., [11,51]), and involving the socio-economic dynamics of livestock farming systems
(e.g., [52,53]). Transformations not just of production systems but of farmers livelihoods have evolved
as another adaptation option in livestock systems. Some examples include the shifting in choice of
livestock in addition to, or the replacement to, other species, and moving from cropping to livestock
farming in response to a changing rainfall and more frequent drought occurrences (e.g., [10,54]).
There was no further information found from these studies as to further evaluations of such
transformational adaptation.
Table 3. Summary of adaptation options in livestock from existing publications, N = 126.
Adaptation Options

Constraints to Adoption

Incremental
Improvement in quality and quantity of feeds:
-

-

-

Improved pasture yield: revival of traditional one pasture only for the length of one
season, restoration of degraded pasture, increased vegetation cover, rehabilitation of
pasture water supply, development of irrigated pasture, modifying the schedule of grazing
(measures from Mongolian livestock sector)
Adjustment in feeding system management: livestock stocking rate adjustment (US cattle
raisers), planting perennial forage crops, feed supplementation (from Asia mixed-crop
livestock system)
Altering rangeland management: revision of fertiliser management (sown legumes and
phosphate), greater use of spell and rotational grazing and attention to fire management,
constant conservative stocking rate, pasture-climate scenario simulations (from Australian
livestock systems)

Rangelands:
-

Mixed systems:
-

Land and water use efficiency:
-

Change in farmland use, pasture irrigation (from US and Australia systems)
Establishment area enclosure for communal lands (small ruminant’s systems in Ethiopia)

Alleviation of heat stress:
-

Provision of shade (natural shading material from trees or artificial cooling systems)
Improved housing systems ventilation systems
Direct access to water source such as rivers and pools
Selection of heat tolerant animal species and breeds

Livestock management:
-

Bio-physical barriers and direction social and
economic parameters
Uncertainty in climate change science

-

Lack of information at the systems level, e.g.,
difficulty in modelling crop-livestock impacts at
spatial and temporal scale, complex farming
context (biophysical, socio-economic and
cultural).
Capacity building highly dependent on
government and other institutions
Pastoral systems:
Typical communal land tenure systems
Limited and insecure access to natural, capital
and labour resources
Poor market infrastructure and organisation
Cultural factors and farmers disposition

Adopting livestock healthcare practices
Managing pests and weeds and disease vectors
Altering patterns of breeding and reproduction
Improvement in water and soil management practice

Systemic
Modernization of farm operations:
-

Modelling and forecasting emerging infectious diseases
Development of early warning systems
Market and infrastructural development (developing countries)
Establishing slaughter houses and restocking schemes

Altering farming systems components:
-

Venturing in other small farm business enterprises
Use of new and alternative feed crop varieties/dietary shifts
Climate smart technology intervention package
Moving away from cropping to livestock farming
Switching choice of livestock species and breeds

-

-

Institutional and policy changes:
-

Deterred by institutional and communication
infrastructure (absence of better
climate information)
Lack of capacity to interpret and utilise climate
models for diseases prevention
Market and policy constraints: lack
of specificity
Irrational policy choices and system measures
International genetic evaluation programs are
confined to high-input production systems.

Putting subsidies and insurance schemes (flood)
Income stabilisation/less market risk options
Promotion of inter-regional trade for animal products
Decision support tools and social learning networks

Transformational
Farming system transitions:
-

Migration to higher altitudes, location shift because of alternate source of income, change
in migration timing, leaving pastoralism altogether (Pastoral systems in Africa)
Geographic relocation of confined livestock facilities
Livestock sales

Diversification:
-

Livelihood and off-farm income options
Livestock herd-mix, multi-species herding

Production intensification:
-

Increases in industrial systems

-

Weakly enforced institutional mechanisms
(developing countries)
Labour force, monetary resources and
social relations
Family–farm succession planning (Canada)
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4. Discussion
This systematic review reveals a growing research interest on climate change impacts and
adaptation on livestock from different production systems, geographical, and agroecological contexts.
The extent and distribution of the studies reflect the importance of livestock to various countries and
regions, and the fundamental need to address and adapt to the identified impacts of climate change.
Although the impacts of climate change on livestock have not received as much attention as those of
crops [17], several authors have documented key impact domains in livestock systems [15,23,26,27]
(see also summary in Table 2). Systematic documentation of these different impacts is important in
determining which aspect of livestock production is under most pressure, and consequently, the most
that needs relevant adaptation.
4.1. Climate Change Impacts on Livestock
In this section, we discuss the five production areas that were reported to be affected mainly by
climate change: feeds, diseases, economic, production related, and water and land usage in livestock
(see Figure 5). Feeds related impacts of climate change are commonly described in terms of quantity
and quality [23,26,27]. Decline in quantity of pasture, rangeland, and forage crops production are
widely mentioned as consequence of increased temperature and droughts [46,47,55]. A shift in seasonal
patterns, from hotter and drier climates, causes significant yield reductions and alterations in the
temporal pattern of grassland production and grazing systems [30,56]. Increasing temperatures
decrease pasture production, and result in poorer quality of forage species [29,31]. Similarly, higher
temperatures are associated with increased lignification in plant tissues and decreased digestibility of
forage directly affecting forage supply [8,47]. Lower forage quality means that animals may not fulfil
the energy requirement to maintain their body weight [26].
Livestock diseases are highly affected by climate changes. The impacts are mostly expressed in
terms of severity and distribution, and described as either direct or indirect. Direct impacts on animal
health are mainly because of exposure to increased temperatures and humidity. The main direct impacts
reported include reduced immunity to infections (e.g., due to heat stress), increased development rates
of pathogens, and prevalence of infectious diseases during extreme weather events [6,57]. Indirect
impacts are attributed to variations in temperature and rainfall, which included increase in persistence
and abundance of disease vectors and parasites, host resistance to infectious agents, and changes in the
severity of human–livestock diseases [41,58]. Moreover, several authors identified extreme examples of
climate driven livestock diseases, such as ruminants’ helminthological infections [42] (e.g., nematode
infections in cattle [43]), avian influenza [59], higher clinical mastitis incidence in dairy cows [60],
and parasitic diseases (e.g., movement of tick-borne infestations [61]).
Economic impacts arise from poorer performance of animals, which are associated with impacts
on other production aspects, such as in feeds and health. In pastoral systems, for example, economic
losses are usually linked to poor animal performance due to feed scarcity induced by droughts [62].
Recurrent economic losses in pastoral systems are increasing livelihood and food security risks of
many pastoral households in Africa [63,64]. In intensive systems, economic impacts arise through
affected trade, such as shortages in feed grain supply due to reduced harvest during droughts [65,66].
Apparently, disease outbreaks and heat stress directly impact expenses and incomes, and can cause
decline and instability in prices and net values of animal stocks [67–70]. Additionally, many studies
report extreme weather events such as cyclones, floods, and droughts to directly impact animal stocks
by increased morbidity and death rates [26,71].
Production related impacts of climate change are accounted for with greater concern on the
associated performance parameters such as daily weight gain, feed conversion efficiency, and milk
yields and quality among others [15,72,73]. Heat stress and humidity alter the physiology of livestock,
making animals more susceptible to disease and stress [68,74]. Variability in temperatures result in
pronounced impacts on reproductive performance of animals such as decreased fertility, conception
rate, and longevity [74].
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Water and land resources are key inputs in livestock production systems, mainly in feed
crops production [17,23,26]. The livestock sector uses 8% of global water use [27]. Climate change
affects water availability, and water scarcity and depletion are reported to seriously reduce
livestock productivity.
4.2. Research Gaps and Needs
Although the research on climate change impacts and adaptation in livestock systems is generally
increasing, we identified five research gaps and needs.
4.2.1. The Need to Widen Spatial Coverage
The number of publications is not representative with respect to the sensitivity to climate change
and vulnerability contexts of different regions and production systems. In terms of spatial coverage,
12% of publications considered global scale, while the share of studies from developing (45%) and
developed (43%) countries or regions is about the same. Livestock in developing countries contributes
a much higher share to people’s income and has important socio-economic roles [13,21]. Moreover,
developing countries are more vulnerable to climate change impacts and livestock are more likely to
be exposed to extreme events, with little infrastructure and resources to keep animals safe. Therefore,
more research in developing countries is needed. There is a fundamental research gap in Central and
South America, Southeast Asia, the Pacific islands, and in parts of Africa, with more than half (56%)
concentrated in East Africa (see Figure 3). In drier areas of Central and South America, it is expected
that climate change will likely worsen drought and the degradation of agricultural land, decreasing
the productivity of livestock and important feed crops such as maize and soybeans, with adverse
consequences for food security [75]. In Southeast Asia, up to a 20% decrease in crop yield is projected
by 2050, as a result of regional changes in temperate and precipitation, thereby impacting feeds and
fodder availability for livestock. With Asians population growth and the increasing demand in higher
standards of living, this decrease could adversely impact more than a billion people by 2050 [76].
The same applies to Pacific islands, which are highly vulnerable to extreme weather events and sea
level rise, and where, by 2050, climate change is projected to limit freshwater resources, which are
a very crucial resource in livestock production [77].
4.2.2. The Need for Holistic Research at the Impact and Adaptation Nexus
Adaptation responses are mainly documented as a synthesis of what is already being done,
the measures undertaken, or is continuing across different production systems. These are generic
autonomous adaptation responses that take little or no account to specific climate change impacts.
Only a few have clearly associated adaptations to certain climate change impacts (e.g., [56,62,78]).
To develop effective adaptation strategies and ensure adaptation success, research on climate change
adaptation must not be approached separately, but should instead be integrated within the framework
of impact assessments [79,80].
The documented adaptation responses are mostly incremental through management and
technology adjustments to reduce the impacts, and less on systemic measures such as institutional
and policy changes. More research on anticipatory adaptation is needed, targeted for specific impacts,
especially in developing countries where predictions on climate change impacts are grim and many
farmers are constrained to spontaneous responses even in cases of extreme events, rather than being
able to develop planned adaptation. Moreover, there is no adaptation option that stands out as having
high potential, without considering local conditions and realities [81]. For example, under the same
grassland-based systems, the intensive rangelands and pastoral systems occur in a contrary social and
economic conditions and faces different challenges, thus different methodological assessments may
apply. Limited evidence accounting for social variables have been similarly raised as concerns and
need to be considered further in climate change adaptation researches [17].
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4.2.3. The Need for More Research on Mixed Crop-Livestock Production Systems
Reviewed studies mainly focus on grassland-based production systems (47% of total publication).
There is a need for research on climate change impacts and adaptation in mixed crop-livestock systems.
Half of the world’s food is produced in mixed crop-livestock systems [82]. This production system
sustains most household livelihoods in developing regions [83], and research in this area can have
serious implications on the sustainability of mixed crop-livestock production, and the sustenance of
farmers’ livelihoods under changing climate.
4.2.4. The Need to Include Monogastric Livestock
The majority of reviewed publications (71%) are on ruminants while monogastric livestock,
particularly pigs and chickens, receive much less attention. Pig and poultry farming, however, are
important to many farmers in developing countries and regions, as they can co-exist in any agricultural
system [84]. Monogastric animals’ health is more susceptible to climate change and productivity is even
more affected than that of ruminants [26]. Furthermore, pigs and poultry have lower environmental
impacts than ruminants, and local chicken and pig breeds have an increased potential in the future
because of their unique characteristics in adapting to climate change [85]. Ruminants are crucial
in pastoral and subsistence production as a main source of food in areas that cannot sustain crop
production due to long period of droughts and water scarcity (e.g., [52]). Thus, while there is a need
for more research on monogastrics, ruminant production will remain important under a changing
climate in areas where pig and poultry farming might become impossible.
4.2.5. The Need for More Quantitative Research Including Yield Impact Models
There is a research gap on quantitative approaches in assessing climate change impacts and
adaptation in livestock systems, and predicting the future of the livestock sector under different climate
change scenarios. Only a few studies (mainly from developed countries) provide primary evidence
of impacts of climate change using relevant quantitative analysis, vulnerability, and adaptations
contexts (e.g., [86,87]). For example, as most adaptation incurs costs, publications could have covered
quantitative analysis of the relative costs and benefits of potential adaptation strategies, but instead,
very limited information was found (e.g., [5,78]). In developing countries, however, the reason for
relatively few quantitative studies might be the complexities of socio-demographic and economic
factors, and the lack of long-term and reliable data in these areas. This may further reflect some key
constraints in adaptation, such as the lack of capacities and capital [17,88], and the relatively lower
quality of climate information and communications [81,89]. This is of particular concern given the
identified evidence that strongly suggests that climate change impacts will be more severe in these
developing countries, where smallholders and poor livestock keepers are likely to be found [90].
Moreover, simulations and experimentation of livestock physiology and its potential to reduce the
impacts are lacking. With the diversity of livestock systems, more impact assessment studies are also
needed which consider direct quantification of productivity losses, including yield, vis-à-vis livestock
species and production systems. While there is already some evidence on how climate change affects
livestock yield (meat and milk) [15,30,56,72,73], we found gaps in the systematic understanding of
how and by how much the yield is reduced in different livestock management systems.
4.3. Limitations
The systematic literature review excluded non-English documents and publications other than
peer-reviewed articles, such as grey literature. These exclusions may have led to a selection bias and,
therefore, an underestimation of the overall climate-related impact on livestock systems. However,
the overall conclusions from our review suggest similar findings across the identified publications.
Therefore, we believe the review is valuable in corroborating evidence. The exclusion of mitigation
and issues relating to livestock contributing to climate change may have led to an overestimation of
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the importance of adaptation and we might have lost sight of the overall context in which livestock
sector will develop in the future.
5. Conclusions
Livestock production remains one of the world most important quandaries. On the one hand there
is an ever increasing demand for animal-based products, and on the other hand the impact on climate
change on livestock production, particularly in developing regions, and the negative contribution of
livestock to a changing climate. The livestock sector has to become more sustainable while adapting to
climate change and at the same time meeting the demands of the growing population for animal-based
products. There are substantial research gaps in how livestock is impacted by climate change and how
farmers and systems adapt, particularly at the impact and adaptation nexus. We provided results
of a systematic literature review and revealed five research gaps, which when addressed can draw
out policies and practices to support livestock-keepers in adapting to climate change more effectively.
An important implication of our review is if the magnitude of climate change impacts is not known,
the capacity to respond or adapt will be underestimated. More detailed adaptation research is needed,
such as developing more adaptation options from various levels to inform local, national, and regional
policy impacts. Adaptation will be planned and appropriated accordingly to livestock, provided such
evidence is established. Likewise, with adaptation, livestock can ascertain its role in achieving food
security under climate change.
Supplementary Materials: The following are available online at http://www.mdpi.com/2225-1154/6/3/54/s1,
S1: Data parameters extracted and coded as nodes, cases, and classifications. S2: Publications included in
the analysis.
Author Contributions: J.F.E. conducted the systematic review, analyzed the data, drafted the manuscript;
J.A.L. advised on the conceptualization of this paper, reviewed part of the literature and made essential edits on
multiple versions of this paper; K.K.Z. advised on the analysis and interpretation of data and made comprehensive
edits and critical revision of the manuscript.
Funding: This paper was conducted as part of a PhD project financially supported by Charles Darwin University
in Darwin, Australia.
Acknowledgments: We would like to thank the editor and the two anonymous reviewers for their thoughtful
comments which improved earlier version of the manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.

5.

6.

7.

Thornton, P.K. Livestock production: Recent trends, future prospects. Philos. Trans. R. Soc. B Biol. Sci. 2010,
365, 2853–2867. [CrossRef] [PubMed]
Delgado, C.L. Rising consumption of meat and milk in developing countries has created a new food
revolution. J. Nutr. 2003, 133, 3907s–3910s. [CrossRef] [PubMed]
FAO. The Impacts of Disasters on Agriculture and Food Security. The Food and Agriculture Organisation of the
United Nations, 2015. Available online: http://www.fao.org/3/a-i5128e.pdf (accessed on 14 September 2017).
FAO. Food and Agriculture: Key to Achieving the 2030 Agenda for Sustainable Development. The Food and
Agriculture Organisation of the United Nations, 2016. Available online: http://www.fao.org/documents/
card/en/c/d569c955-8237-42bf-813e-5adf0c4241b9/ (accessed on 20 September 2017).
Weindl, I.; Hermann, L.C.; Alexander, P.; Christoph, M.; Petr, H.; Mario, H.; Christoph, S.; Susanne, R.
Livestock in a changing climate: Production system transitions as an adaptation strategy for agriculture.
Environ. Res. Lett. 2015, 10, 094021. [CrossRef]
Bett, B.K.; Gachohi, J.; Sindato, C.; Mbotha, D.; Robinson, T.; Lindahl, J.; Grace, D. Effects of climate change
on the occurrence and distribution of livestock diseases. Prev. Vet. Med. 2017, 137, 119–129. [CrossRef]
[PubMed]
Morignat, E.; Perrin, J.B.; Gay, E.; Vinard, J.L.; Calavas, D.; Hénaux, V. Assessment of the impact of the 2003
and 2006 heat waves on cattle mortality in France. PLoS ONE 2014, 9, e93176. [CrossRef] [PubMed]

Climate 2018, 6, 54

8.
9.

10.
11.

12.
13.
14.
15.
16.
17.

18.

19.
20.

21.

22.
23.

24.
25.

26.
27.
28.

14 of 17

Giridhar, K.; Samireddypalle, A. Impact of climate change on forage availability for livestock. In Climate
Change Impact on Livestock: Adaptation and Mitigation; Springer: Berlin, Germany, 2015; pp. 97–112.
World Bank. Povcalnet: The On-Line Tool for Poverty Measurement. Development Research Group of the
World Bank, 2015. Available online: http://iresearch.worldbank.org/PovcalNet/index.htm?1 (accessed on
14 September 2017).
Prasad, C.S.; Sejian, V. Climate change impact on livestock sector: Visioning 2025. In Climate Change Impact
on Livestock: Adaptation and Mitigation; Springer: Berlin, Germany, 2015; pp. 479–489. [CrossRef]
Descheemaeker, K.; Oosting, S.J.; Homann-Kee Tui, S.; Masikati, P.; Falconnier, G.N.; Giller, K.E. Climate
change adaptation and mitigation in smallholder crop–livestock systems in Sub-Saharan Africa: A call for
integrated impact assessments. Reg. Environ. Chang. 2016, 16, 2331–2343. [CrossRef]
Seo, S.N.; Mendelsohn, R.; Dinar, A.; Kurukulasuriya, P. Adapting to climate change mosaically: An analysis
of African livestock management by agro-ecological zones. BE J. Econ. Anal. Policy 2009, 9. [CrossRef]
Thornton, P.K.; Gerber, P.J. Climate change and the growth of the livestock sector in developing countries.
Mitig. Adapt. Strateg. Glob. Chang. 2010, 15, 169–184. [CrossRef]
Seo, S.N.; McCarl, B.A.; Mendelsohn, R. From beef cattle to sheep under global warming? An analysis of
adaptation by livestock species choice in South America. Ecol. Econ. 2010, 69, 2486–2494. [CrossRef]
Rust, J.M.; Rust, T. Climate change and livestock production: A review with emphasis on Africa. S. Afr. J.
Anim. Sci. 2013, 43, 256–267. [CrossRef]
Thornton, P.K.; Herrero, M. Climate change adaptation in mixed crop -livestock systems in developing
countries. Glob. Food Secur.-Agric. Policy Econ. Environ. 2014, 3, 99–107. [CrossRef]
Herrero, M.; Wirsenius, S.; Henderson, B.; Rigolot, C.; Thornton, P.K.; Havlík, P.; De Boer, I.; Gerber, P.J.
Livestock and the environment: What have we learned in the past decade? Annu. Rev. Environ. Resour. 2015,
40, 177–202. [CrossRef]
Porter, J.R.; Xie, L.; Challinor, A.J.; Cochrane, K.; Howden, S.M.; Iqbal, M.M.; Lobell, D.B.; Travasso, M.I.
Food security and food production systems. In Climate Change 2014: Impacts, Adaptation, and Vulnerability.
Part A: Global and Sectoral Aspects; IPCC AR5 WGI; Cambridge University Press: Cambridge, UK, 2014;
Chapter 7, pp. 485–533.
Herrero, M.; Thornton, P.K. Livestock and global change: Emerging issues for sustainable food systems.
Proc. Natl. Acad. Sci. USA 2013, 110, 20878–20881. [CrossRef] [PubMed]
Pica-Ciamarra, U.; Baker, D.; Morgan, N.; Zezza, A.; Azzarri, C.; Ly, C.; Nsiima, L.; Nouala, S.; Okello, P.;
Sserugga, J. Investing in the Livestock Sector: Why Good Numbers Matter, a Sourcebook for Decision Makers on How
to Improve Livestock Data; FAO: Rome, Italy, 2014.
Robinson, T.P.; Wint, G.R.W.; Conchedda, G.; Van Boeckel, T.P.; Ercoli, V.; Palamara, E.; Cinardi, G.;
D’Aietti, L.; Hay, S.I.; Gilbert, M. Mapping the global distribution of livestock. PLoS ONE 2014, 9, e96084.
[CrossRef] [PubMed]
Steinfeld, H.; Wassenaar, T.; Jutzi, S. Livestock production systems in developing countries: Status, drivers,
trends. Rev. Sci. Technol. 2006, 25, 505–516. [CrossRef]
Thornton, P.K.; van de Steeg, J.; Notenbaert, A.; Herrero, M. The impacts of climate change on livestock
and livestock systems in developing countries: A review of what we know and what we need to know.
Agric. Syst. 2009, 101, 113–127. [CrossRef]
Gandini, G.C.; Villa, E. Analysis of the cultural value of local livestock breeds: A methodology. J. Anim.
Breed. Genet. 2003, 120, 1–11. [CrossRef]
Upton, M. The Role of Livestock in Economic Development and Poverty Reduction. Food and Agriculture
Organization of the United Nations (FAO), 2004. Available online: http://www.fao.org/docrep/015/i2744e/
i2744e00.pdf (accessed on 15 September 2017).
Nardone, A.R.; Ronchi, B.; Lacetera, N.; Ranieri, M.S.; Bernabucci, U. Effects of climate changes on animal
production and sustainability of livestock systems. Livest. Sci. 2010, 130, 57–69. [CrossRef]
Rojas-Downing, M.M.; Nejadhashemi, A.P.; Harrigan, T.; Woznicki, S.A. Climate change and livestock:
Impacts, adaptation, and mitigation. Clim. Risk Manag. 2017, 16, 145–163. [CrossRef]
Herrero, M.; Addison, J.; Bedelian, C.; Carabine, E.; Havlik, P.; Henderson, B.; Van De Steeg, J.; Thornton, P.K.
Climate change and pastoralism: Impacts, consequences and adaptation. OIE Rev. Sci. Tech. 2016, 35, 417–433.
[CrossRef] [PubMed]

Climate 2018, 6, 54

29.
30.
31.
32.
33.

34.
35.

36.
37.
38.
39.
40.

41.

42.
43.
44.
45.
46.
47.
48.
49.

50.
51.
52.

15 of 17

Leister, A.M.; Paarlberg, P.L.; Lee, J.G. Dynamic effects of drought on U.S. Crop and livestock sectors. J. Agric.
Appl. Econ. 2015, 47, 261–284. [CrossRef]
Lunt, I.D.; Jansen, A.; Binns, D.L. Effects of flood timing and livestock grazing on exotic annual plants in
riverine floodplains. J. Appl. Ecol. 2012, 49, 1131–1139. [CrossRef]
Polley, H.W.; Briske, D.D.; Morgan, J.A.; Wolter, K.; Bailey, D.W.; Brown, J.R. Climate change and north
american rangelands: Trends, projections, and implications. Rangel. Ecol. Manag. 2013, 66, 493–511. [CrossRef]
Mulrow, C.D. Rationale for systematic reviews. BMJ Br. Med. J. 1994, 309, 597. [CrossRef]
Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, P.J.;
Kleijnen, J.; Moher, D. The prisma statement for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: Explanation and elaboration. BMJ 2009, 339. [CrossRef] [PubMed]
Crane, T.A.; Delaney, A.; Tamás, P.A.; Chesterman, S.; Ericksen, P. A systematic review of local vulnerability to
climate change in developing country agriculture. Wiley Interdiscip. Rev. Clim. Chang. 2017, 8, e464. [CrossRef]
Phalkey, R.K.; Aranda-Jan, C.; Marx, S.; Höfle, B.; Sauerborn, R. Systematic review of current efforts to
quantify the impacts of climate change on undernutrition. Proc. Natl. Acad. Sci. USA 2015, 112, E4522–E4529.
[CrossRef] [PubMed]
Horsley, T.; Dingwall, O.; Tetzlaff, J.M.; Sampson, M. Checking reference lists to find additional studies for
systematic reviews. Cochrane Database Syst. Rev. 2009. [CrossRef]
Bazeley, P. Qualitative Data Analysis with Nvivo, 2nd ed.; Bazeley, P., Jackson, K., Eds.; SAGE: London,
UK, 2013.
Pope, C.; Mays, N.; Popay, J. Synthesising Qualitative and Quantitative Health Evidence: A Guide to Methods;
McGraw-Hill Education: London, UK, 2007.
Dixon-Woods, M.; Agarwal, S.; Young, B.; Jones, D.; Sutton, A. Integrative Approaches to Qualitative and
Quantitative Evidence; Health Development Agency: London, UK, 2004.
Robinson, T.P.; Thornton, P.K.; Franceschini, G.; Kruska, R.; Chiozza, F.; Notenbaert, A.M.; Cecchi, G.;
Herrero, M.; Epprecht, M.; Fritz, S. Global Livestock Production Systems; FAO: Rome, Italy; ILRI: Nairobi,
Kenya, 2011.
Gethings, O.J.; Rose, H.; Mitchell, S.; Van Dijk, J.; Morgan, E.R. Asynchrony in host and parasite phenology
may decrease disease risk in livestock under climate warming: Nematodirus battus in lambs as a case study.
Parasitology 2015, 142, 1306–1317. [CrossRef] [PubMed]
Van Dijk, J.S.; Sargison, N.D.; Kenyon, F.; Skuce, P.J. Climate change and infectious disease: Helminthological
challenges to farmed ruminants in temperate regions. Animal 2010, 4, 377–392. [CrossRef] [PubMed]
Verschave, S.H.; Charlier, J.; Rose, H.; Claerebout, E.; Morgan, E.R. Cattle and nematodes under global
change: Transmission models as an ally. Trends Parasitol. 2016, 32, 724–738. [CrossRef] [PubMed]
Ahmed, F.A.; Al-Amin, A.Q.; Alam, G.M.; Hassan, C.H. Climate change concern to cattle feed in Bangladesh.
J. Anim. Vet. Adv. 2012, 11, 1946–1953. [CrossRef]
Craine, J.M.; Andrew, J.; Olson, K.C.; Tolleson, D. Climate change and cattle nutritional stress.
Glob. Chang. Biol. 2010, 16, 2901–2911. [CrossRef]
Sautier, M.M.; Martin-Clouaire, R.; Faivre, R.; Duru, M. Assessing climatic exposure of grassland-based
livestock systems with seasonal-scale indicators. Clim. Chang. 2013, 120, 341–355. [CrossRef]
Wheeler, T.R.; Reynolds, C. Predicting the risks from climate change to forage and crop production for
animal feed. Anim. Front. 2013, 1, 36–41. [CrossRef]
Kates, R.W.; Travis, W.R.; Wilbanks, T.J. Transformational adaptation when incremental adaptations to
climate change are insufficient. Proc. Natl. Acad. Sci. USA 2012, 109, 7156–7161. [CrossRef] [PubMed]
Punsalmaa, B.B.; Buyndalai, B.; Nyamsuren, B. Adaptation measures to climate change in the Mongolian
livestock sector. In Climate Adaptation Futures; John Wiley & Sons: Hoboken, NJ, USA, 2013; pp. 279–283.
[CrossRef]
Wako, G.T.; Tadesse, M.; Angassa, A. Camel management as an adaptive strategy to climate change by
pastoralists in Southern Ethiopia. Ecol. Process. 2017, 6. [CrossRef]
Mu, J.E.; Bruce, A.; Wein, A.M. Adaptation to climate change: Changes in farmland use and stocking rate in
the U.S. Mitig. Adapt. Strateg. Glob. Chang. 2013, 18, 713–730. [CrossRef]
Maiti, S.J.; Jha, S.K.; Garai, S.; Nag, A.; Chakravarty, R.; Kadian, K.S.; Chandel, B.S.; Datta, K.K.;
Upadhayay, R.C. Adapting to climate change: Traditional coping mechanism followed by the Brokpa
pastoral nomads of Arunachal Pradesh, India. Indian J. Tradit. Knowl. 2014, 13, 752–761.

Climate 2018, 6, 54

53.
54.

55.

56.
57.

58.

59.
60.
61.

62.
63.
64.
65.

66.
67.
68.
69.
70.
71.
72.
73.

74.

16 of 17

Mirza, M.M. Climate change and extreme weather events: Can developing countries adapt? Clim. Policy
2003, 3, 233–248. [CrossRef]
Derner, J.B.; Briske, D.; Reeves, M.; Brown-Brandl, T.; Meehan, M.; Blumenthal, D.; Travis, W.; Augustine, D.;
Wilmer, H.; Scasta, D.; et al. Vulnerability of grazing and confined livestock in the Northern Great Plains to
projected mid- and late-twenty-first century climate. Clim. Chang. 2017, 1–14. [CrossRef]
McKeon, G.M.; Stone, G. S.; Syktus, J.I.; Carter, J.O.; Flood, N.R.; Ahrens, D.G.; Bruget, D.N.; Chilcott, C.R.;
Cobon, D.H.; Cowley, R.A.; et al. Climate change impacts on Northern Australian rangeland livestock
carrying capacity: A review of issues. Rangel. J. 2009, 31, 1–29. [CrossRef]
Ghahramani, A.M.; Moore, A.D. Climate change and Broadacre livestock production across Southern
Australia. 2. Adaptation options via grassland management. Crop Pasture Sci. 2013, 64, 615–630. [CrossRef]
Forman, S.; Hungerford, N.; Yamakawa, M.; Yanase, T.; Tsai, H.J.; Joo, Y.S.; Yang, D.K.; Nha, J.J. Climate
change impacts and risks for animal health in Asia. Rev. Sci. Tech.-Off. Int. Epizoot. 2008, 27, 581–597.
[CrossRef]
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Climate variability and change will increasingly harm crop and livestock systems worldwide.
Evidence of climate change impacts are largely documented for crops with much less information
for livestock. In this study we assessed smallholders’ risk perceptions of climate change impacts
on water buﬀalo production systems in Nueva Ecija, Philippines. Results from a household survey
with 310 water buﬀalo farmers revealed that they are highly aware of climate change to which
they ascribed to an increasing frequency of extreme events such as extreme rainfall, ﬂoods, typhoons and extreme heat. Perceptions of climate change risks strongly depended on the level of
exposure and vulnerability to these extreme events. Feed availability and animal health were
identiﬁed as the production aspects most severely aﬀected by the multiple weather extremes,
posing productivity risks and compelling farmers to adapt. Adaptation measures in the study area
have been spontaneous and based on economic drivers rather than planned. These measures
included biophysical and farm operational adjustments such as relocation of animals, adjusting
forage planting times, use of crop residues, and shifting from rice cropping to buﬀalo dairying
after recurring rice harvest failures. We suggest that there is a need for development of speciﬁc
and longer-term adaptation measures that are planned to ﬁt the water buﬀalo sector.

1. Introduction
Global population increase and changing consumption patterns have already led to a growing demand for high-value animal
protein and will continue to do so (Thornton, 2010; Herrero et al., 2015). To meet this demand means both an opportunity and a
challenge to sustain the livelihoods of more than one billion livestock keepers’ worldwide under climate change. Increasingly climate
change impacts on crops and livestock systems have been more negative than positive (Porter et al., 2014), with livestock almost as
likely as crops to be highly aﬀected by climatic change (FAO, 2015). The eﬀects of climate change on livestock production systems
pose serious risks to global food security. According to IPCC Fifth Assessment Report (AR5), climate change without adaptation will
exacerbate its negative impacts on production, particularly in some tropical developing countries (Porter et al., 2014).
Understanding climate change impacts at the local level is particularly important for farmers in developing nations because they
depend so heavily on the climate-sensitive agriculture sector for their livelihoods (Thornton, 2010) and because of the complex role
agriculture plays in their socio-economic systems (Morton, 2007). Many of these farmers are living in areas of high risk from the
impacts of extreme weather events and have limited capacities to respond to these impacts (Nath & Behera, 2011; Godber & Wall,
2014). Some studies have documented eﬀects of climate change and adaptation on livestock systems in several agricultural regions
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(Nardone et al., 2010; Thornton & Herrero, 2014; Weindl et al., 2015; Rojas-Downing et al., 2017). However, compared with crops,
there has been little research on the potential impacts of climate change on livestock (Porter et al., 2014). More so, research on
livestock in Asia in general is often neglected in agricultural research (Thornton et al., 2009; Musemwa et al., 2012).
The Philippines is one of the countries most vulnerable to climate change because of recurring extreme weather events such as
typhoons (cyclones), ﬂooding, and drought (Yumul et al., 2011; Kreft et al., 2014; USAID, 2017). Vulnerability is high because half of
the country’s population of around 100 million people (PSA, 2016c) depend on agriculture, a sector which has seen substantial
damage from extreme weather events. Between 2006 and 2013, climate change caused $3.8 billion in accumulated damage and
losses to the agriculture sector (IFPRI, 2015). By 2100 it is estimated that climate impacts will be responsible for a reduction of 2.2
percent of the country’s annual GDP (USAID, 2017). The crop subsector has faced the highest economic losses, followed by ﬁsheries
and livestock. As a result, there has been a decline in production of crops (3.4%) and ﬁsheries (4.2%). The livestock and poultry
sectors, however, grew by 6% in 2016 (PSA, 2016d). The government has therefore aimed to boost livestock production as a means of
countering the eﬀects of climate change, with the assumption that livestock are less vulnerable to the eﬀects of extreme weather
events (Padin, 2016) because animals can be moved to safe environments, and provided with supplemental feed (Rust & Rust, 2013).
One of the most important livestock commodities in the Philippines are water buﬀalo, which are known to be robust and
adaptable to harsh conditions (Cruz, 2007). There are 2.89 million heads of water buﬀalo (locally known as ‘carabao’) in the country,
almost entirely (99%) kept in smallholder systems. Water buﬀalo generate signiﬁcant income from meat (around US$214.7 million
p.a.) and milk production (around US$174.4 million p.a.) and are also valuable as a source of draft power in crop cultivation (valued
at around US$6.45 million p.a.) (PSA, 2016a). Most literature on climate change impacts on livestock has focused on cattle. The few
studies on water buﬀalo have dealt with impacts and adaptation to climate change related heat stress on breeding and health (Yadav
et al., 2016), physiological functions (Bernabucci et al., 2010) and milk production (Upadhyay et al., 2010; Kumar et al., 2015).
Given the importance of water buﬀalo to smallholders and the assumption that they can withstand climate change better than
crops, understanding how farmers perceive climate change impacts on production will help determine the extent to which the sector
still needs to adapt to cope with impending change. Such research in the Philippines is very scarce, and understanding farmers’
perceptions of climate change impacts on water buﬀalo production may provide insights into the factors that enable or constrain
them in implementing adaptation measures. In general, animal husbandry in developing countries is particularly sensitive to changes
in climate as it is highly dependent on pasture and crop residues for animal fodder. Potential adaptation may be occurring at the farmlevel, but more observational evidence is needed.
Farmers’ behavior and intentions to adopt adaptation measures is shaped more by their perceptions of climate change and climate
risk than by the actual climate patterns (Weber, 2010; Bohensky et al., 2016; Nguyen et al., 2016). Understanding perceptions can be
useful in conjunction with scientiﬁc knowledge systems and communicating environmental and climate change related policies
(Arunrat et al., 2017; Burnham & Ma, 2017). Furthermore, climate risk perceptions can serve as predictors of future adaptation
strategies and options (Mercado, 2016; Mase et al., 2017).
Based on this background, this study aims to understand 1) how farmers perceive climate change risks and impacts on their water
buﬀalo production systems, and 2) how these risk perceptions inform farmers’ decisions to make changes to their production systems
to respond and adapt to climate change.
2. Methods
2.1. Conceptual framework
We developed a conceptual framework (Fig. 1) synthesizing literature from climate change impacts and adaptation research on
livestock production systems (Devendra, 2007; Thornton et al., 2009; Herrero et al., 2015). While the viability of production systems
can be aﬀected by exposure of animals to climate change (Nardone et al., 2010) by compromising their biological function or, for

Fig. 1. Conceptual framework linking farmers’ climate change risk perceptions, perceived impacts and adaptation behavior.
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Fig. 2. Map of the study area showing location and climate risk characterization.

example, reducing the quality and quantity of feed (Rust & Rust, 2013; Porter et al., 2014), the framework draws on the idea that the
impacts of climate change can best be determined from people’s perceptions, that risks are socially constructed, that attitudes and
motivations change, and that coping strategies people are constrained to those that people are capable of adopting (Takala, 1991;
Hidalgo & Pisano, 2010).
We deﬁned perceptions as the views and interpretations of the climate change issues based on beliefs, experiences and understanding (Wolf & Moser, 2011). In particular, we explored farmers’ experiences to identify climate change impacts on water buﬀalo.
Personal experiences shape people’s perceptions (Myers et al., 2013; van der Linden, 2015) and it is logical to assume that there is a
close link between direct experiences and how people perceive the impacts of climate change (Weber, 2010). People can perceive
risks as feelings, referring to the instinctive and intuitive reactions to danger (Slovic & Peters 2006). Given the uncertainty of climate
change, it is more eﬃcient to rely on information from experienced feelings that shape decision actions and behavior than to measure
climate change itself (Schwarz, 2001).
Many researchers have indicated that people relate climate change to their personal experiences of increasing occurrences of
extreme weather events and perceive these risks as being associated with climate change (Bell, 2012; Carlton et al., 2016). Such
experiences include actual disaster experience, given the number of destructive typhoons passing through the Philippines each year
(Israel & Briones, 2012). The risk of potential climate change impacts on animals makes the whole production system much more
volatile, leaving farmers uncertain about future income and in need for constant adaptation (Nardone et al., 2010). Overall, we
therefore focus on understanding possible adaptation responses to climate change through a greater understanding of farmers’ experiences of what they perceive as climate change and its associated impacts.
2.2. Study area
The study was carried out in the province of Nueva Ecija located at the eastern part of the Central Luzon region (Fig. 2; PSA,
2016d). It is a landlocked area of approximately 5500 km2 (30% of the region’s total) with a total population of 2.15 million (PSA,
2013). Agriculture is the main industry because of naturally rich alluvial soils (Carating et al., 2014). Almost half of the total land
area is devoted to farming of which about 90% is cultivated with rice. This has made Nueva Ecija the biggest rice producer of the
country (known as the Philippine “rice bowl”; Santiago, 2015). However, while rice farming is considered the main source of
livelihood, farmers also grow vegetables between rice crops and keep livestock (PSA, 2016b). Among the most important livestock
are water buﬀalo which provide income from milk production, draft power for ploughing, harrowing and carrying farm produce.
Central Luzon is one of the ﬁve main regions for water buﬀalo production with about 40% of the country’s total buﬀalo
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population (PSA, 2016a). Within the region, we chose Nueva Ecija as the study area for two reasons. First, large numbers of water
buﬀalo are kept in the province. As the designated National Impact Zone (NIZ) for water buﬀalo development in the country, Nueva
Ecija is home to many farmers’ cooperatives and to the Philippine Carabao Centre (PCC) National Headquarters. There are 51 dairy
cooperatives within this NIZ, with more than 1000 smallholder farmers as members. These cooperatives are organized in the Nueva
Ecija Federation of Dairy Carabao Cooperatives (NEFEDCCO).
The second reason was that the province is highly exposed to ﬂoods, typhoons and other climate-related extreme events. It is
classiﬁed as a high-risk area (ranked 14th on the risk scale among 81 provinces in the country) on the basis of the combined exposure
to climate disasters particularly typhoon, drought caused by El Niño, projected changes in rainfall and temperature increase (see
Fig. 1). On average, there are seven typhoons crossing the province per year, triggering ﬂoods, landslides and strong winds (Israel &
Briones, 2012). Nueva Ecija has also been particularly dry and hot in recent years (PAGASA, 2015).
2.3. Sampling and data collection procedure
In order to design the main survey, we ﬁrst conducted open-ended interviews with key informants. In total we interviewed ten
chairs of farmer-cooperatives and ten government oﬃcials and extension oﬃcers all of whom were purposively selected from across
the whole study area. The key informant interviews were undertaken between January and February 2016, followed by the main
household survey from April to November 2016.
For the main survey we used a structured questionnaire which was administered through face-to-face interviews with the farm
household heads. We selected participants from a list provided by PCC containing all farmers within the NIZ (see ‘Study area’).
Besides individual farmers (who were most likely to be the heads of households), this list included names and contact information of
each association, and cooperative chairs. The majority (> 90%) of water buﬀalo farmers in the study area are organized members of
NEFEDCCO and other network groups established around the NIZ (Palacpac, 2010) and we are therefore conﬁdent that this list
covered most farmers in the research area. From this list, we randomly chose 310 farmers who we approached to participate in the
survey. The recruitment of survey participants was restricted to smallholder farms.1 The surveys were undertaken by the lead author
in the local language (Tagalog) and translated into English. One interview took approximately one hour and ethics approval for the
research was obtained from the Human Research Ethics Committee at Charles Darwin University (H15084).
2.4. Questionnaire
The survey questionnaire consisted of ﬁve parts: 1) socio-demographic and water buﬀalo farming system characteristics, 2)
drivers of change and related farming and livelihood constraints, 3) perceptions of general climate trends and weather patterns 4)
perceptions of impacts of climatic trends on water buﬀalo production systems, and 5) perceptions of overall associated climate
change risks on diﬀerent water buﬀalo production aspects and potential adaptation responses.
Perceptions data were gathered by asking respondents if they were aware of climate change and had heard about the term
‘climate change’ with potential Yes/No answers. If they were aware of climate change, they were asked about the perceived changes
in climate patterns and climate change-related extreme events with categorical answers (‘increasing’, ‘decreasing’, ‘no change’). We
considered a recall period of ten years for the perceived changes (2005–2015). This recall period generated more substantive responses from the pre-test respondents, hence was assumed to be preferred by farmers. The importance of climate change in relation to
other stressors was ranked on a 5-point scale from 1 (not important at all) to 5 (extremely important). Similarly, the overall impact on
production systems was measured from 1 (no impact at all) to 5 (extremely strong impact).
Questions about farmers perceived impacts of climate change on water buﬀalo production were asked for a range of relevant
categories: 1) Feeds and feeding, 2) Animal health, 3) Animal breeding, 4) Herd inventory, 5) Product quality and quantity, 6)
Production cost, and 7) Logistics and marketing.
2.5. Data analysis
Descriptive statistics were used to see the patterns in the perceived changes in climate and weather patterns, and to determine the
proportion of farmers who perceived that they had been aﬀected by each of climatic parameters. Farmers’ perceptions of climate
change and variability were validated using KNMI Climate Explorer, a web application for high-resolution paleoclimatology. We
extracted the mean annual precipitation and temperature trend data from Cabanatuan-Nueva Ecija climate station located within the
sampling area (Trouet & Van Oldenborgh, 2013). To establish the importance of climate change over other non-climate related
stressors to farmers’ livelihoods, ratings were analyzed using Friedman’s test (K-related-samples test) followed by Wilcoxon signedranks test for pairwise post hoc comparisons when appropriate.
Ordinal regression analysis was performed for determination of possible association of farmers’ socio-economic characteristics and
related attributes to the perceived extent of impacts of climate change. The outcome variable captured responses on the perceived severity
of climate change impacts on overall production, an ordered variable coded as: 1 (Low impact), 2 (Moderate impact) and 3 (Strong
impact). The independent variables included socio-demographics, farm and farming characteristics, and related institutional variables.
1
As per deﬁnition of the Philippine Statistics Authority (PSA), a smallholder farm refers to any farm or household with at least one head of animal up to no more
than 20 heads of adult animals.
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Table 1
Summary statistics of sampled households and farm characteristics (n = 298).
Variables

Mean ± SD or n (%)

Socio-demographic
Age
Agriculture experience
Water buﬀalo farming experience
Number of household member
Gender
Male
Female
Education, level
College/University
High School
Grade School
Land ownership
Owned
Otherwise (shared, leased)

49.8 ± 7.9
27.0 ± 9.7
12.5 ± 5.1
4.9 ± 1.2
254 (85.2)
44 (14.8)
79 (26.5)
195 (65.4)
24 (8.1)
158 (53)
140 (47)

Farm characteristics
Farm size (ha)
Animal holdings (head)
Farm type
Irrigated
Rain-fed
Livestock type
Water buﬀalo only
Mixed (+goat, cattle, etc.)
Crop component
Rice
Vegetables only
Grazing practice
Practicing (communal/own land)
Not grazing

2.08 ± 0.9
7.6 ± 4.3
121 (40.6)
177 (59.4)
97 (32.6)
201 (67.4)
223 (74.8)
75 (25.2)
203 (68.1)
95 (31.9)

3. Results
3.1. Sample characteristics
Of the total of 310 survey responses, 12 could not be used because they were incomplete, resulting in 298 responses for data
analysis. Table 1 presents the socio-demographic characteristics of the sample households and their farms. The mean age of respondents was 49.8 (SD: 7.9). The respondents were relatively elderly with the mean agriculture experience being 27.0 (SD: 9.7), and
12.5 (SD: 5.1) years in farming and water buﬀalo keeping, respectively. The increasing age (average age of 57 years) of farmers in the
Philippines is becoming a concern (Elauria, 2015). Some studies have taken age as a proxy for farming experience (Deressa et al.,
2009) and, with more experience, we have assumed that farmers were more likely to have perceived changes in climate (Bryan et al.,
2013).
Most (85%) respondents were men, heading a household with an average of around ﬁve members. The predominance of male
participants was expected because we interviewed the heads of households, who are usually men. Traditionally livestock keeping
(water buﬀalo in this case) in the Philippines is managed mainly by men because of the physical labor involved (Lu, 2007). All
respondents went to formal school with more than half (65%) have either attended or ﬁnished high school. The province of Nueva
Ecija is known to have a relatively high literacy rate (PSA, 2013).
The mean farm size was 2.1 (SD: 0.9) hectares, and respondents kept, on average, about 8 head of water buﬀalo (mixed age).
Grazing in either their own or nearby communal lands was practiced by more than half of the respondents (68%). Almost half of the
respondents had access to irrigation (41%). Respondents predominantly pursued mixed crop-livestock production (98%) and 68% of
the farmers also kept other livestock types such as goats and cattle. The most important crop, grown by 75% of respondents, was rice.
3.2. Perceptions of general climate change among other stressors
Nearly all respondents (99%) had heard about climate change. They perceived climate change as the second most worrying driver
of change after ﬁnancial issues (Table 2). Other problems of concern were declining interest in farming (3rd most important), increasing land conversion to non-agricultural uses (4th), socio-cultural changes (5th) and migration (6th). The diﬀerence in medians
among and between the rankings is signiﬁcant (p < 0.001). The resulting Kendall’s coeﬃcient of concordance value (55.2%) indicates that our respondents strongly agree with each other on their ratings among the perceived level of stressors encountered. In
fact, results of the follow-up multiple comparisons of mean ranks revealed that respondents agreed about all concerns (p < 0.001)
except for one non-signiﬁcant result of diﬀerences (based on negative ranks) of ‘ﬁnancial-climate change’ pairing.
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Table 2
Friedman’ tests result showing rankings of the level of concerns among water buﬀalo keepers about stressors.
Drivers of change and stressors

Mean

Land conversion to non-agricultural uses
Migration
Socio-cultural changes
Markets and ﬁnances
Declining interest in farming
Climate change
Friedman Test
Kendall's W

2.81
0.813
1.77
0.674
1.98
0.806
3.59
0.735
3.03
0.645
3.52
0.673
2
χ (5, N = 298) = 822.32, p < 0.001
0.552

a

SD

Mean Ranka
3.57
1.78
2.18
4.83
3.90
4.74

The higher the mean rank of a stressor, the greater the level of concern as an issue.

3.3. Perceptions of extreme weather events and changes in climate patterns
Farmers interpreted climate change through observed occurrences of extreme events such as typhoons, ﬂoods, droughts, extreme
rainfall, extreme heat and changing seasonal patterns. Almost all respondents perceived an increase in the frequency and severity of
typhoons, increases in extreme rainfall events and the number of dry summer days as part of a changing climate (Fig. 3). Most
respondents (about 90%) also perceived an increase in ﬂoods and extreme heat. Droughts were perceived as increasing by about 75%
of respondents with the other 25% having noticed no change. The number of rainfall days during the wet season was the only climate
parameter for which farmers’ perceptions seemed to vary. The wet season was perceived as becoming wetter (increasing number of
rainy days) by about half of the respondents (53%). Some farmers (29%) thought the wet season had become drier and some did not
perceive any changes (18%).
3.4. Perceived impacts of extreme weather events on water buﬀalo production
Respondents observed that feeds and feeding were highly aﬀected by drought (62%) and shifting seasonal patterns (61%) (Fig. 4)
while almost an equal proportion of respondents considered animal health to be aﬀected by typhoons (67%), ﬂood occurrences (49%)
and shifting seasons (45%). Notable health related concerns triggered by climatic stresses were the presence of parasites and other
infectious diseases. Farmers mentioned liver ﬂuke infection (fasciolosis) as associated with the ﬂood season or if their animals were
exposed to irrigated rice farms and communal grazing areas. Some have been dealing with recurring mastitis with a belief that too
much heat stress to their caracows could be the cause. Diﬃculties in breeding animals (decline of animals in estrous and conception
rate) were associated by farmers with shifting seasonal patterns (55%) and during periods of drought (63%). Farmers recalled that,
during the dry season, it was harder to detect females that are ready to mate, resulting in low numbers of pregnancies. About 80% of
the respondents, 80% were milking their animals and extreme heat was considered by many (73%) to aﬀect milk quality. They noted
reduced milk volume during hot summer days and drought (55%) with frequent quality rejection upon point of sale. All the extreme

Fig. 3. Farmers’ perceptions of changes in climate over the past ten years, Nueva Ecija, Philippines, 2016.
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Fig. 4. Farmers perceptions of the eﬀects of climate change on water buﬀalo production. *Proportion exceeds 100% because respondents were
aﬀected by multiple climatic events.

climatic parameters were listed as inﬂuencing overall production costs, with drought mentioned most frequently (64%). Typhoons
(67%) and ﬂooding (49%) often aﬀected logistics (accessibility of roads) and/or marketing (distribution of produce). Farm activities
were also hampered. Respondents mentioned stronger typhoons wiped out crops and some had lost animals tethered near rivers to
ﬂash ﬂoods.
3.5. Determinants of farmers’ perceived climate change impacts
Nearly all respondents (98%) stated that their overall production system had been aﬀected negatively by climate change in the
past decade. Results of the logistic regression analysis showed that age (positive), farming experience (negative), farm size (negative)
and number of crop types (negative) had signiﬁcant eﬀects on farmer’s climate change perceptions (Table 3). Factors that did not
have signiﬁcant eﬀects on climate change perceptions included experience with water buﬀalo production, household size, gender,
level of education, land ownership, grazing practice, number of livestock types and the access to irrigation.
The potential linkage of perceived climate change impacts to diﬀerent water buﬀalo production attributes and access to related
institutions was analyzed separately (Table 4). The livelihood contribution of water buﬀalo as a buﬀer and insurance were both
signiﬁcantly and negatively associated with farmers’ perceptions of climate change impacts. The same negative relationship was
found for traction-draft utility of water buﬀalo. Farmers who relied more on water buﬀalo as a primary income source perceived that
their overall farming livelihoods were more aﬀected by climate change. Respondents with oﬀ-farm incomes, and farmers who derived
more products from milking and selling live animals, showed no signiﬁcant link to the way they perceived climate change risks.
Respondents who were receiving adaptation support and had good access to ﬁnancial assistance and credit were less likely to
perceive climate change eﬀects. However, positive signiﬁcant associations were seen for those who had access to insurance (crop or
livestock) and training and extension services. Access to a wider market and source of climate information did not signiﬁcantly aﬀect
farmers’ perceptions of climate change risks.
3.6. Water buﬀalo farmers’ adaptive responses
Nearly all farmers (98%) had adjusted their practices in response to changing climatic conditions. Most had adjusted their
management of farming resources and crop production activities as deﬁned by their mixed crop-livestock systems. Respondents
considered water buﬀalo production as a family farming endeavor in which most of the management decisions were discussed with
household members (92%), co-members in cooperatives (40%) neighboring farmers (38%), government (20%). Rarely did the
household head make decisions alone (8%).
Most farmers took biophysical and farm operational adaptive measures; they relocated animals (86%), optimized the use of
feeding resources like crop residues (e.g. rice straws) (99%) and adjusted the harvest/planting time of forage/grazing (99%). Few
farmers took had adapted using economic instruments: 21% had sought oﬀ-farm work, 15% had taken out agricultural loans and 4%
had reduced their food expenditures. Almost half of the farmers (47%) increased water buﬀalo dairying while reducing crop production such as rice. As a socio-cultural measure, praying to God was mentioned by 98% of farmers and changing the attitude
towards climate disasters (e.g. preparedness and being more mindful of climate forecasts) by 95%. On the production side, farmers
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Table 3
Results of logit models describing the relationship between socio-demographic and farm characteristics and farmers’ overall perceptions of climate
change impacts.
Outcome variable

Estimate

Odds ratio

Std. Error

Wald

p-value

Threshold
[Overall perceived extent of climate change impacts = 1]
[Overall perceived extent of climate change impacts = 2]

−5.23
−2.87

0.01
0.06

1.52
1.50

11.85
3.65

< 0.001**
0.06

1.25

3.48

0.37

11.49

< 0.001**

−1.15
−0.53

0.31
0.58

0.43
0.30

7.02
3.14

< 0.001**
0.07

−0.02
0.34
−0.38
0.38
−0.11
−0.00

0.97
1.41
0.67
1.46
0.89
0.99

0.32
0.32
0.27
0.32
0.29
0.27

0.00
1.14
1.97
1.38
0.15
0.00

0.93
0.28
0.16
0.24
0.69
0.99

−0.42
0.06
−0.21

0.65
1.06
0.80

0.25
0.24
0.27

2.85
0.06
0.63

0.09
0.79
0.42

0.57
0.41

1.77
1.50

0.32
0.32

3.07
1.62

0.08
0.20

−1.38
−1.06

0.25
0.34

0.68
0.47

4.03
5.06

0.04*
0.02*

−2.86
−2.67

0.05
0.06

1.27
1.31

5.04
4.11

0.02*
0.04*

χ2
39.89

p-value
< 0.001

R2 Nagelkerke
15.3%

Location
Socio-demographic characteristics
Age
Agriculture experience
[Less than 20 years]
[More than 20 years]
Water buﬀalo experience
[Less than 10 years]
[More than 10 years]
Household members
Gender; [Male]
Education
Land ownership
Farm characteristics
Grazing
Livestock type; [Mixed]
Farm type; [Irrigated]
Herd size
[Less than 8 heads]
[More than 8 heads]
Farm size
[Less than 2 ha]
[More than 2 ha]
Crop type
[Rice only]
[Rice plus other vegetables]
Overall model evaluation

Link function: Logit.
Notes: reference category of the ordinal regressions model is extremely strong impact (3).
*, ** Signiﬁcant at 5% and 1% level, respectively.

took measures to help their animals perform well under the changing climate, such as providing water at all times and easy access to
“water pools” for animals to bathe in, planting forage in small backyard plots and reducing the need for grazing during extreme wet
and dry days.
4. Discussion
4.1. Perceived climate change and variability
It was not surprising to ﬁnd that smallholder water buﬀalo farmers are concerned and strongly aware of climate change and
variability. However, understanding why they identify climate change as one of their key drivers of change to their production
systems and livelihoods is complex, as climatic factors are closely linked to others, such as economics (O’Brien et al., 2004) and
sociocultural drivers (Mertz et al., 2009; McCubbin et al., 2015). Mertz et al. (2009) has demonstrated that reasons for changes
cannot be attributed solely to climate, but climate may be one of the underlying causes of change. However, smallholder water
buﬀalo farmers in our study area regard climate as their main concern to their production system and attribute the same weight to
climate as to economic stressors (e.g. markets and ﬁnances). Thus, we believe that it is highly important to explore their perceptions
of speciﬁc climatic parameters further as it could lead to a better understanding of vulnerability and actual adaptation behaviors of
farmers.
Farmers could easily recall experiences associated with heavy damage to their production systems, as also noted elsewhere (Alam
et al., 2017; Cullen & Anderson, 2017; Dubey et al., 2017). Older farmers are particularly able to associate production changes to
climate change. As has been reported in other local studies (Weber, 2010; Hou et al., 2012; Bohensky et al., 2016; Nguyen et al.,
2016; Dubey et al., 2017), farmers’ perceptions are informed by past experience of disasters rather than by information on projected
climate change scenarios. The clarity of farmers’ interpretations of climate change are possibly strengthened by their background.
Almost all water buﬀalo farmers in the Philippines are members of cooperatives who are beneﬁciaries of government supported
extension programs (e.g. through PCC). Most of them are likely to have been exposed to formal climate change narratives. This
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Table 4
Results of logit model describing the potential associations between water buﬀalo production, institutional attributes and farmers’ overall perceptions of climate change impacts.
Outcome variable

Estimate

Odds ratio

Std. Error

Wald

p-value

Threshold
[Overall perceived extent of climate change impacts = 1]
[Overall perceived extent of climate change impacts = 2]

0.41
2.79

2.73
2.77

1.01
1.02

0.16
7.49

0.68
< 0.001**

-1.07
-1.03

0.34
0.35

0.46
0.382

5.46
7.278

0.02*
< 0.001**

0.79
0.15
-0.05
-0.50
0.21

1.39
1.30
1.42
1.31
1.66

0.32
0.26
0.35
0.27
0.50

5.74
0.33
0.02
3.39
0.17

< 0.01*
0.56
0.88
0.05*
0.67

0.18
-0.81
0.43
-0.54
0.75
0.01

1.26
1.53
1.53
0.57
1.28
1.49

0.23
0.42
0.23
0.22
0.24
0.39

0.62
3.61
3.32
3.74
9.20
0.00

0.43
0.04*
0.05*
0.04*
< 0.001*
0.96

-0.08
-0.30

1.26
1.26

0.23
0.23

0.12
1.70

0.72
0.19

χ2
63.59

p-value
< 0.001

R2 (Nagelkerke)
21.9%

Location
Water buﬀalo attributes
Buﬀering: main livelihood function
Insurance: main livelihood function
Primary source of income
[Water buﬀalo]
Household with oﬀ-farm income
Selling fresh milk
Providing traction/draft services
Selling live animals
Institutional link
Participant of carabao program
Receiving adaptation support
With access to insurance
With access to credit
With access to trainings and extension
With access to a wider market
Source of weather & climate info
[Government forecast]
[Social media]
Overall model evaluation:

Link function: Logit.
Notes: reference category of the ordinal regressions model is extremely strong impact (3).
*, ** Signiﬁcant at 5% and 1% level, respectively

suggests that their perceptions are possibly enhanced by climate change information (Deressa et al., 2009) coupled with their experience of extreme weather events.
Overall, our ﬁndings support the notion that farmers are well aware of climate change and variability at the local level, and that
their perceptions are very accurate when compared to records of frequency and severity of typhoons (Israel & Briones, 2012) and of
actual trends of precipitation and temperature (Trouet & Van Oldenborgh, 2013).
4.2. Perceptions of climate change impacts on water buﬀalo production
Knowing that water buﬀalo farmers are well aware of climate change and variability, we explored the perceived risks to their
production systems in more detail. The vulnerability of buﬀalo to climate change has not been well documented, partly because the
large population present in Asia (95% of the global buﬀalo population; Deb et al., 2016) appears to have led to the belief that they are
highly adaptable to tropical hot and humid conditions. However, some studies have emphasized key aspects of buﬀalo biology that
may make them vulnerable to climatic change, particularly extreme heat (Somparn et al., 2004; Vale, 2007; Upadhyay et al., 2010).
In our study farmers have developed an understanding of the risks of climatic change by observing changes in their animals and
their productivity. Farmers could conﬁdently identify climatic eﬀects on animals by observing them, because, as stated by some
farmers, “animals’ don’t lie”. They observe if animals are sick or heat stressed because “their poor body speaks to them”. Farmers’
could also conﬁdently tell which speciﬁc aspects of their production systems are aﬀected by climate change and variability whenever
yields and income are at risk. It was therefore not surprising to ﬁnd that feeds and feeding, and health, were identiﬁed as the two
aspects most severely aﬀected, with extreme heat identiﬁed as the climatic parameter that caused most damage, particularly to milk
quality.
Feeds and feeding include the quality and availability of feed. These aspects of production have been studied extensively, not
necessarily because they are most problematic but because they are the most costly aspects of livestock keeping (Sirohi &
Michaelowa, 2007; Blümmel et al., 2015; Kumar et al., 2015). In the Philippines, providing quality feeds is very challenging, particularly for ruminants, because of limited availability of land for pastures and for forage cultivation (Moog, 2005). Given more
frequent droughts and changes in seasonal patterns (earlier onset of the dry season in this case), a large proportion of farmers could
not stretch their crop residue reserves until the grass turns green again. Some farmers resort to buying supplemental mixed-rations
that are available commercially, but many said that they were not to be able to aﬀord this, or else refused to invest in quality feeds.
Local studies dealing particularly with forage quality, availability and feeding improvement practices for water buﬀalo are very
limited or not well documented.
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Farmers attributed the negative eﬀects on buﬀalo health to a combination of ﬂooding, typhoons and the shift in seasonal patterns.
Flooding is seen as a serious threat to the animals because the incidence of parasites (e.g. liver ﬂuke) increases when buﬀalo are
constantly exposed to wet and ﬂooded grazing ﬁelds (Haque et al., 2011; Gordon et al., 2015). A water buﬀalo’s need to wallow
means that they are naturally exposed to disease-causing parasites that thrive on wet and ﬂooded areas but this eﬀect is exacerbated
by ﬂooding (Mingala & Gundran, 2008; Venturina et al., 2015). Farmers also indicated that the changes in seasonal patterns and
typhoons had an impact on animal health but did not specify the health problems. The shifts in seasons (e.g. more wet days) and
typhoons (heavier rains) have been indirectly linked to the transmission and seasonality of vector-borne and other infectious diseases
in most livestock (Nardone et al., 2010; Bett et al., 2017).
Extreme heat was unexpectedly not ranked among the most important of the climatic parameters. This is probably because water
buﬀalo farmers, when asked about ‘heat waves’, normally associate such events with droughts, as farmers usually experience extreme
heat during drought periods. Nevertheless farmers did describe how both the quantity and quality of milk production was aﬀected by
heat, as has also been noted in cattle (Nardone et al., 2010; Moore & Ghahramani, 2013). A few farmers (27%) reported that extreme
heat caused problems associated with breeding while more than half (63%) associated poor breeding performance with droughts. The
dry season has been found to reduce the fertility and semen quality of buﬀalo and increase the incidence of “silent heat” in females,
resulting to poor conception rates (Somparn et al., 2004; Vale, 2007).
Contrary to the belief that water buﬀalo are highly adaptable to hot and humid environments, our ﬁndings suggest that climatic
occurrences, especially drought and heatwaves, predispose water buﬀalo to deleterious eﬀects. The negative impacts of multiple
climatic parameters are widely perceived by farmers as a risk to water buﬀalo productivity and reproductive performance.
4.3. Social determinants of perceived climate change impacts
We found signiﬁcant variation in how farmers perceived the impacts of climate change. Some farmers (23%) said they were little
aﬀected, many (49%) were moderately aﬀected, with just over a quarter (28%) claiming they suﬀered signiﬁcantly. This implies that
diﬀerences might be due to the diverse personal characteristics of farmers (Grunblatt & Alessa, 2017). We found that age and length
of farming experience have contrasting impacts on farmers’ perceptions. The older the farmers, and the less experienced, the more
they perceived that climate change had aﬀected their production systems. This ﬁnding contradicts other studies that identiﬁed age as
a proxy of farming experience (Deressa et al., 2009). Previous studies concluded that more experienced farmers are signiﬁcantly more
likely to perceive climatic changes, such as variability in rainfall and increases in temperature (Bryan et al., 2013; Lasco et al., 2016),
though the opposite was also observed by Gbetibouo et al. (2010). Meanwhile, other studies have pointed out that age itself is not the
single strongest predictor of climate change awareness (Lee et al., 2015), indicating that experience does not necessarily have to be
strongly correlated with age. Other studies showed that more experienced farmers are also more likely to adapt to climate change
(Deressa et al. 2009; Ayal & Leal Filho, 2017), while in other cases, age had no impact on adaptation (Bryan et al., 2013; Burnham &
Ma, 2017).
Farm components were also linked to perceived impacts, particularity income diversiﬁcation. Cultivating a great variety of crops
could mitigate climate change impacts (Bryan et al., 2013) and diversifying farm income can be a strategy for adaptation and
increasing resilience (Mertz et al., 2009; Lin, 2011; Rurinda et al., 2014). Land holdings also inﬂuence the perceived impacts; the
larger the land area owned, the lower the likelihood that a farmer perceived climate change impacts. Land is a very valuable asset for
farmers, and the ﬁnding could imply that farmers with small land areas are more vulnerable to climate change impacts, and are
therefore more highly attuned to change (Musemwa et al., 2012).
Livestock’s contributions to livelihoods also aﬀect farmers’ perceptions of climate change impacts, as documented elsewhere
(Bouroncle et al., 2017; Chingala et al., 2017). In our study, farmers who described the function of water buﬀalo as a buﬀer and
insurance were less likely to perceive impacts. Livestock can reduce the vulnerability to climate change by serving as a living asset, a
safety net, for when extreme weather events cause crops to fail. This could also be related to more diversiﬁed livelihood options that
make livestock production a complementary household income.
Our ﬁndings suggest a negative association between income from livestock and perceptions. However, the relationship between
income, risks perceptions and capacity to adapt are complex (Cullen & Anderson, 2017). Some studies highlighted that income from
livestock contribute to livelihood stability by increasing farmers’ adaptive capacities (Deressa et al., 2009). Our results imply that
those with less income, already more vulnerable to the eﬀects of climate change and having lower adaptive capabilities, will be
further disadvantaged because they are less likely to perceive the impacts of climate change and so less likely to adapt. This is contrast
to the ﬁndings of other studies in which farmers with lower incomes perceived more changes in climate (Lasco et al., 2016), possibly
owing to their greater dependence on farming for their livelihood. Meanwhile, Burnham & Ma (2017) found that state-society
dependencies may reduce smallholders’ perceptions of self-eﬃcacy so being able to perceive climate change risks and impacts did not
necessarily lead to an intention to adapt. Some studies have also explored the links between wealth and the likelihood of adapting to
climate change, with adaptation often requiring ample ﬁnancial capital (Bryan et al., 2013; Arunrat et al., 2017). Wealthy farmers are
sometimes more likely to have access to extension services that will advise them on adaptation (Singh et al., 2017). In this study, we
did not test additional proxy variables for income (e.g. household assets and related wealth indicators) other than for households with
oﬀ-farm income sources, which we found was not a signiﬁcant determinant of farmers’ perceptions.
Farmers utilizing water buﬀalo as a source of traction-draft power were less likely than dairy farmers to perceive they had been
aﬀected by climate change. Using animal traction despite modernization in agriculture might be an indication of smallholders’
limited capacities. However, under climate change, animal traction nevertheless remains crucial in agricultural development (Nanda
and Nakao, 2003; Cruz, 2007) and as a means to mitigate the eﬀects of climate change in some areas (Sirohi and Michaelowa, 2007).
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The institutional environment of farmers is often thought to inﬂuence the adoption of new technologies and is also positively
associated with farmers’ perceptions (Deressa et al., 2009). In our study, many farmers had received adaptation support or ‘coping
assistance’, mostly in the form of ‘calamity or disaster relief’. One example of such support has been the credit program, which
provides agricultural loans, not speciﬁcally to livestock keepers but to all farmers in a cooperative. Farmers who avail themselves of
credit assistance and adaptation support through government programs perceive that climate change has had less impact than those
who do not. Access to credit commonly has a positive eﬀect to adaptation behavior (Deressa et al., 2009; Ndamani & Watanabe,
2016). Insurance schemes through government programs in the area are generally targeted at crops, particularly rice. Some farmers
in our study area had their water buﬀalo insured through contracts in case of death, though not necessarily when caused by climate
change. It might be that farmers who access insurance have previously suﬀered damage from climatic events and are therefore more
aware of climate change. However, this could also mean that there is a lack of access to insurance schemes, leaving some farmers
more vulnerable to climate change risks.
Access to training (through agricultural extension) and other capacity building initiatives (e.g., Farmer Livestock Schools) was another
institutional variable that inﬂuenced farmers’ perceptions. Farmers who had access to or were recipients of government extension services
were more likely to observe climate change impacts than those who had not had this access. Other studies have found that access to
extension services signiﬁcantly improves the likelihood of perceiving climate change impacts (Debela et al., 2015). In some contexts, access
to institutional services could improve farmers’ adaptation capacity, and some studies concluded that higher levels of perceived climate
change eﬀects should be positively correlated with higher levels of intent to adapt (Burnham and Ma, 2017).
4.4. Adaptation in water buﬀalo production
Our study conﬁrmed that the perceptions of risk of several climatic events on agricultural production were the most important
determinant of adaptation (Mase et al., 2017). We found that water buﬀalo farmers have been adapting to climate change autonomously or spontaneously rather than it being something for which they had planned in any coherent manner (Smit et al., 2000).
These include adaptation measures that are reactive and relatively inexpensive such as biophysical and operational adjustments to
their farms, e.g. relocation of animals, adjusting forage planting times and use of crop residues. The shift of almost half of the
respondents from rice production to dairy buﬀalo husbandry is also in line with previous research (Cooper et al., 2008; Tambo &
Abdoulaye, 2013). Farmers obviously regard water buﬀalo production as less sensitive to climate change than is rice production and
have taken this opportunity to generate more income and to minimize crop failures during extreme weather events. This shift in
income source is an example of ex-ante risk-management (Cooper et al. 2008) and suggests that farmers’ adaptation responses
combine economic incentives to sustain their livelihoods and previous experiences of the negative impact of climatic events.
Adaptation should also include increasing farmers’ access to evidence-based information. Spontaneous adaptation measures that
follow from farmers’ perceptions are unlikely to be enough on their own to counter the climate-induced reductions in productivity
that occur on feeds and feeding, health and reproduction. Life experiences of farmers will not guarantee successful adaptation, but
adaptation may delay or reduce these negative impacts (Adger et al., 2005; Porter et al., 2014). More speciﬁc interventions to counter
these perceived risks on productivity need to be incorporated in adaptations that are targeted at farmers from a range of demographic, socio-economic and institutional backgrounds.
5. Conclusions and policy implications
Our study explored farmers’ perceptions of climate change and related extreme weather events, the perceived impacts and how
farmers adapt. We found a very high awareness among water buﬀalo farmers of the relationship between extreme weather events and
climate change. Almost all farmers stated that they observed that both the frequency and severity of extreme events such as heat,
ﬂoods, typhoons and drought, had increased, reﬂecting the actual trends in precipitation and temperature recorded in the study area.
Perceptions of climate change risks strongly depend on the level of experience of exposure (as informed by age or length of lived
experience) and vulnerability to these extremes (farmer’s adaptation characteristics and context). Past extreme weather events have
been used to inform their perceptions of climate change. Farmers are active observers of changes in weather and climatic events,
suggesting that future climate change adaptation can be informed by past experience.
Adaptation in the study area was found to be spontaneous rather than planned. This has included a shift from crop to livestock
production which about half of the respondents describing how they mitigated climate change impacts to sustain their income. This
shift has not been undertaken with an understanding of long term consequences, such as potential future crop shortages in the area
and reductions in the diversiﬁcation of income. At the moment, agricultural policies in the Philippines mainly focus on improving the
climate resilience of crop production. Our research suggests that, with farmers increasing dependence on livestock, there is a need to
include livestock, and in this case water buﬀalo, into climate change research and to develop locally applicable and long-term
adaptation measures.
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