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Abstract

The study assessed climate change risk factors and adaptation among cattle value chain activities in Borno and Yobe
States, Nigeria. Lot of studies were conducted on climate risk factors on crop production; however, limited researches
were commissioned on livestock, particularly, on cattle value chain activities in the study area. Primary data were
collected from four value chain actor’s groups, representing input supply; production; processing; and marketing. Data
were collected using Key Informants Interview (KII) and Focus Group Discussions (FGDs). Sixteen FGD sessions
were held: four from each value chain actor group; and twelve Klls: three from a given value chain actor group were
held. Result revealed that change in rainfall pattern and high temperature were the climate risk factors affecting cattle
value chain activities in the study area. The consequences of these risk factors depend on the climate risk factor and
the value chain activity under consideration. Result on the adaptation strategies practiced by value chain actors under
reduced rainfall pattern include: pasture under irrigation during dry season; use of browsing plants; reduced quantity
of processed products; and diversification of markets in sourcing cattle among others. The proposed climate smart
agriculture (CSA) options include: water harvesting; cross breeding of Hambala with local breeds of cattle;
afforestation/reforestation, particularly, use of browsing plants (eg acacia and wild legumes) and use of modern cattle
ranges with all production facilities. The study concludes that climate change affect cattle production in all its chain
activities. The study recommends that the proposed CSA to be implemented by government and non-governmental
organisations (NGOSs).
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Introduction

Among all the livestock that makes up the farm animals in Nigeria, ruminants, comprising sheep, goats and
cattle, constitute the farm animals largely reared by farm families in the country’s agricultural system.
Nigeria has a population of 34.5million goats, 22.1million sheep and 13.9million cattle (ILRI, 2003). The
larger proportion of these animals’ population are however, largely concentrated in the northern region of
the country. Specifically, about 90 percent of the country’s cattle population and 70 percent of the sheep
and goat populations are concentrated in northern Nigeria. Borno and Yobe States are among the major
livestock producing States in Nigeria. For example, out of the estimated population of 15.3 million cattle
in Nigeria, Borno State produced 3.1 million in 1995 (Yakaka, and Baba, 2012). Yobe State hosts the largest
livestock market in the Africa located in Potiskum. It was observed that 45% of the Nigerian population
were involved in cattle value chain activities right from input supply, production, marketing, and
processing. The scale of operation of cattle value chain actors were medium for input suppliers, producers
and marketers; and small scale for processors. It was observed that insurgency and climate change have
affected the operations of input supply in Borno State, thus affected the primary production of cattle in the
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State. Lot of herds have left the insurgency vulnerable areas to relatively peaceful place for pastures. This
resulted in high cost of carcasses in the State, leading to small scale operation of processors. The bulk actors
involved in cattle value chain activities were men except in output market where small number of women
were involved as food vendors. Cattle value chain played an important role in ensuring food security of
actor’s households, productivity and the economy at large. Cattle value chain activities in Borno and Yobe
States, however, are challenged with myriad of factors, among which is climate change.

Climate as described by Oyekale et al. (2009) is the state of atmosphere, which is created by weather events
over a period of time. A slight change in the climate affects agriculture. Climate change is described by
Intergovernmental Panel on Climate Change (IPCC) as a change of climate which is attributed directly or
indirectly to human activity that alters the composition of the global and/or regional atmosphere and which
is in addition to natural climate variability observed over comparable time periods (IPCC, 2001). It is
obvious from this definition that change is an inherent attribute of climate, which is caused by both human
activities (anthropogenic) through ‘greenhouse gases’ emission and natural processes (bio-geographical)
(Odjugo, 2009). Climate change poses environmental, social and economic challenges on a global scale,
without gainsaying, climate change is a serious challenge facing the entire world. No agricultural sub-sector
is immune of the menace of climate change: crops; livestock; fisheries; forestry; and their associated value
chain activities.

Climate change have direct and indirect impacts on livestock (FAQO, 2021). Direct impacts of climate
change on livestock production include heat stress, humidity, wind, drought, frost, and floods, leading to a
decrease in milk production, meat production, reproduction, animal health, and behavioral performance.
Indirect impacts include non-availability of food resources because climate change affects the livestock
pasture pattern as well as rangeland vegetation patterns (Kim, 2019). Future impacts of climate change on
livestock production are likely to be direct via productivity losses (physiological stress) owing to
temperature increases; and indirect through changes in the availability, quality, and prices of inputs such as
fodder, energy, disease management, housing, and water (Thornton, 2010). The most severe impacts are
expected in arid and semi-arid regions, where higher temperatures and lower rainfall are expected to reduce
yields and increase natural resources degradation. Livestock value chain activities do experience one or
more of these impacts. For example, Godde et al. (2021) reported the impact of climate change on the
livestock food supply chain and observed the impact of climate change on feed resources; water resources;
animal health and production; processing, storage, transport and retailing; livestock product consumption;
labour availability; and prices.

Many studies were conducted on climate risk factors on crop production; however, limited researches were
commissioned on livestock, particularly, among cattle value chain activities in Borno and Yobe States,
owing to the fact that the states are among the major livestock producers in the country. From the foregoing,
this study is aimed at filling this gap in knowledge and is designed to provide answers to the following
research questions:

i. What are the climate change risks factors affecting cattle value chain activities in Borno and
Yobe States?

ii. What are the adaptation practices by the cattle value chain actors? and

iii. What are the proposed climates smart agriculture (CSA) of cattle value chain activities?

Methodology

The study was conducted in Borno and Yobe States, Nigeria. The States lie within the north eastern corner
of Nigeria. There are 27 Local Government Areas (LGASs) spread across the three agro ecological zones
viz, the Sahel (S), Guinea Savanna (GS) and the Sudan Savanna (SS) (Mohammed and Shetima, 2021).
The State has a land area of 69, 435 square km? (Amaza et al., 2007). Borno State has population of
4,151,193 (NPC, 2006) with a projected 2023 estimates of 6,807.810 based on 3.2 population growth rate.
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It has climatic peculiarities characterized by erratic and unreliable rainfall patterns. The rains are of short
duration followed by a long dry spell. Temperatures are high all year round, with hot season mean
temperatures ranging between 39°C and 40°C in the northern part of the State. The annual precipitation
ranges from less than 600mm in the north to 1500mm in the south. Rainfall, however, varies from year to
year but has tended to decrease over the last two decades (Amaza et al., 2007).

Yobe State has 17 LGA spread across the two agro-ecological zones: Sahel in the north and Sudan savannah
in the south. It lies on an area of 54,428sq Km and has borders with Niger republic to the north (Opara and
Eze, 2011). The state has population of 2,321,339 (NPC, 2009) with a projected 2023 estimate of 4,294,137
based on 3.2 population growth rate. The temperature range is 39°C— 42° C, with an annual rainfall of 500
mm-1000 mm. The rainy season lasts from June to September in the northern part of the state and May to
October in the south. The vegetation comprises of Sahel in the north and Sudan savannah in the south.

Analysis of temperature and rainfall data over 32 years period (1985-2017) in Borno State, indicates that
temperature is increasing and rainfall variability is decreasing, thus, climate change exist in the study area
(Mohammed, 2021). Droughts are endemic in the study area. The States are among the eleven Desert front
line States of Nigeria (WEP, 2011). The main livelihood activity of the people is agriculture producing
variety of crops, livestock and fish. Livestock are reared both on small scale and large-scale. Cattle are
mostly produced on a large-scale basis, mostly by Fulani and Shuwa ethnic groups. However, other
practitioners are engaged in cattle production through fattening.

Primary data were mainly used for the study and collected through Focus Group Discussions (FGDs) and
Key Informants Interviews (KlIs). Purposively, a sample of respondents were selected from the actors’
associations. These associations include Livestock Feeds’ Sellers Association, Miyetti Allah Cattle
Breeders Association, National Butchers’ Association and Cattle Traders Association, representing input
supply, production, processing and marketing value chain activities respectively. From each category, four
FGDs were held, making a total of sixteen FGD sessions. In addition, three leaders of these associations
were interviewed (KII), making a total of twelve Klls. Table 1 shows the market visited for data collection.

Table 1: Markets Visited

State Market

Borno Maiduguri Livestock Market
Biu Livestock Market
Monguno Livestock Market

Yobe Kukareta Livestock Market
Geidam Livestock Market
Potiskum Livestock Market

Source: Compiled by Authors, 2023.

Climate risk assessment was carried out based on a climate risk assessment conducted by GZT (2021). We
seek to determine how value chain actor activities would be affected by the following questions:
a) what are the climate risks along the different nodes of value chains?
b) are there productivity losses? to what extent are the losses due to climate change? what
specifically would be affected?
¢) would additional infrastructure be necessary, such as cold storage?
d) where are the risks occurring, at a local, district or national level?
e) what interactions are there between the different risks? What consequences and risks are
there?

The climate smart practices were identified based on activities of the chain: Specifically, the following
activities were undertaken:
a) preliminary list of practices, matching the climate risks were identified;
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b) initiative prioritisation by their climate-smartness with experts within their groups of
expertise were made; and,
c) the identified practices were described.
Data were recorded using audio recorders and transcribed. Data were analysed qualitatively.
Results and Discussion

Climate Risk Factors affecting Cattle VValue Chain Activities
Result on risk factors affecting cattle value chain activities is presented in Table 2.

i. Reduced Rainfall Pattern

The first climate risk factor identified to have an adverse effects on cattle value chain activities was reduced
rainfall pattern. The adverse consequences of this climate risk factor on input supply include reduced
pasture production; effects on water inflows into water bodies, thereby, leading to reduced water for cattle
use; and affect crop cycle, thus, reduce crop waste use as cattle feeds. Climate change have several impacts
on forage, feed crops, grazing system, emergence of unpalatable forage species in the rangeland and
decrease the by-products of agriculture and forage causing scarcity of fodder and forage for livestock
(Koirala and Bhandari, 2020). Bio-physical factor is the major underlying factors that make some people
more affected by these consequences than others. The study area is characterized by three agroecological
zones: Sahel savannah, Sudan savannah and Guinea savanna. Sahel savannah is more vulnerable because
naturally the rainfall pattern is reduced. Socio-economic factors also affect the vulnerability of some people
more than others because of access to resources and technologies. IFAD (2010) also observed the effects
of climate change on quantity and quality of livestock feeds dependent on location, livestock system, and
species availability.

The consequences of reduced rainfall on on-farm production include reduce natality rate of calf crop;
reduced income; and reduced food security. The consequences of reduced rainfall pattern on post-harvest
include reduced supply; loss of livelihoods and reduced income. Actors with weak economic status were
mostly affected. Koirala and Bhandari (2020) observed that unusual climatic changes and variability have
led to loss of large number livestock species ultimately affecting the income and food security of
marginalized operators. The consequences of reduced rainfall pattern on output market include low output;
reduced turn over; and loss of livelihoods. The consequences had impacted more on men and youth because
they directly involved in the cattle value chain activities. Underlying factor to vulnerability of people are
biophysical, socio-economic factors, and infrastructure such as road network and security make people
vulnerable to the consequences of the climate risk factors of reduced rainfall pattern.

ii. High Temperature
The adverse consequences of high temperature on input supply include reduced pasture production; and
high disease infestation. Chapman et al. (2012) observed that the quantity and quality of livestock feed will
be affected mainly due to an increase in atmospheric CO? levels and temperature. Bio-physical factor and
socio-economic are the major underlying factors that make some people more affected by this consequence
than others. The consequences of high temperature on on-farm production include reduce yield; reduced
income; and affected food security. Reduced yield could come as a result of heat stress arising from reduced
expression of estrus behaviour, thereby, reducing the chances of reproductive success. Also, it is generally
accepted that an increase in temperature has negative effects on livestock feed intake, reproduction, and
performance (Porter et al., 2014). In addition, heat stress may depress immune function and the
effectiveness of some vaccines (Hirakawa et al., 2020). Underlying factor to vulnerability of people are
biophysical as result of location. Sahel and Sudan savannah agroecological zone are more vulnerable than
Guinea savannah of Borno State. The consequences of high temperature on post-harvest include poor
supply; reduced income; and affect nutritional security. The consequences of high temperature on output
market include reduced supply; reduced income; and reduced place utility of cattle. Livestock are often
transported long distances by road to markets in southern part of Nigeria. Climate change, particularly,
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increases in temperature, may increase the risk of heat stress during transport, which in turn, can contribute
to poor animal welfare and deaths (Collins et al., 2018). The consequences had impacted more on men and
youth because they directly involved in the cattle value chain activities. Socio-economic factors and
infrastructure such as road network and security make people vulnerable to the consequences of the climate
risk factors of reduced high temperature.

Table 2: Climate Risk Factors and their Consequences among Cattle VValue Chain Actors
Climate Risk Factor Value Chain Actor Consequences of Risk Factor
Reduced Rainfall Pattern Input suppliers Reduced Pasture Production
Affect Crop Cycle leading to
reduced crop waste for cattle
Reduced water inflow into water

bodies.
Producers Reduced natality rate
Reduced income
Reduced supply
Processors Reduced Income

Loss of livelihoods

Reduced processed products
Marketers Reduced supply

Reduced income

Loss of livelihoods

High Temperature Input suppliers Reduced pasture production
High disease infestation
Producers Reduced yield

Reduced income

Affect food security
Processors Poor supply

Reduced income

Affect nutritional security of people
Marketers Reduced Supply

Reduced income

Reduced place utility of cattle

Source: Field Survey, 2023.

Adaptation Strategies
Adaptation practices of the actors in the different value chain groups towards climate risk factor are
presented in Table 3.

Reduced Rainfall Pattern

Adaptation to climate change of cattle value chain activities is necessary in reducing the adverse effects of
climate risks factors on the chain activities. Each value chain activity has peculiar adaptation activities,
though, some have an overlapping adaptation strategy. For example, for input suppliers, the adaptation
options under reduced rainfall pattern as a climate risk factor was pasture under irrigation. This happens
mostly during dry season. The pasture product, when harvested is preserved for use during extreme dry
season, when feeds are scarce. This strategy is implemented by government in collaboration with
breeders/herders. This strategy is beneficial to herders particularly, men and youth who are involved in the
implementation of the project for sustainability. Another adaptation strategy employed in ensuring input
supply in the face of reduced rainfall pattern were the development of earth Dams and ring wells; and use
of industrial feeds. In Dams and well construction strategy, government construct the Dams and herders
manage them. The ring wells are constructed by individual herder, if found the earth Dams are not
accessible or the facility cannot provide adequate water for use by cattle. This strategy is beneficial to
herders in ensuring availability of drinking water for cattle and pasture production. Havlik et al. (2013)
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observed that improving feeding practices as an adaptation measure could indirectly improve the efficiency
of livestock production.

Adaptation strategies used by producers in the event of reduced rainfall include the use of drought resistant
cattle breed (Hambala); use of browsing plants; and movement/mobility of cattle to places where they get
water. These strategies were implemented by individual herders and breeders and were beneficial to them.
Henry et al. (2012) opined that, changes in breeding strategies can help animals increase their tolerance to
climate risk factors, thus, improve their reproduction and growth. Strategies used in post-harvest in the face
of reduced rainfall as climate risk factor include reduced quantity of processed products; sometimes not
processing at all as a result of high cost of cattle carcasses; and diversification of livelihoods. These
strategies were implemented by individual practitioner and beneficial to same. Adaptation strategies under
output market considering reduced rainfall as climate risk factor include reduced quantity of cattle
marketed; diversification of market in sourcing the cattle and diversification of livelihoods. These strategies
are implemented by individual marketers.

High Temperature

The existing adaptation strategies by input suppliers under high temperature as risk factor include use of
warehouse facilities using bricks and Aluminum roofs to reduce the effects of heat on feeds; use of smaller
shed in preserving feeds while retailing; and maintenance of good hygiene to prevent incubation of diseases
agents as a result of high temperature. These strategies were implemented by individual input supplier and
were beneficial to same. The adaptation for the on-farm production under high temperature climate risk
factor include use of cattle shed particularly when on fattening programme; use of cattle breed that are heat
tolerant; and administering water ad libidum to reduce heat stress. These were implemented by individual
producers and are beneficial to same. Modification of production and management systems is an important
adaptation strategy carried out by farmers (IFAD, 2010). This involves diversification of livestock animals
and crops, integration of livestock systems with forestry and crop production, and changing the timing and
locations of farm operations.

In post-harvest, the on-going adaptation strategies include use of ice blocks in preserving meat and meat
products; display of carcasses on tables for proper aeration and processing meat immediately after slaughter.
These strategies were implemented by individual and beneficial to same. Equally, high temperature has
adverse effects on output market, thus, operators adapted by the use of thatch and water on the floor of
trucks conveying live cattle to the southern part of Nigeria. Other adaptation option use was administering
drinking water to cattle ad libidum to reduce heat stress; and diversification of livestock marketed. These
strategies were implemented by individual operators and were beneficial to same.

Table 3: Adaptation Practices among Cattle VValue Chain Actors

Climate Risk Factor Value Chain Actor Adaptation Strategy
Reduced rainfall pattern Input suppliers Pasture under irrigation during dry
season
Construction of earth dams and ring
wells
Producers Use of drought resistance cattle

breed (Hambala)
Use of browsing plants

Processors Reduced quantity of processed
products
Not processing at all as a result of
high cost of carcasses.

Marketers Diversification of markets in
sourcing cattle
Reduced quantity of cattle marketed
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High Temperature Input suppliers Use of warehouse facilities, using
ricks and aluminum zinc to reduce
the effects of heat on feeds
Use of smaller shed in preserving
feeds while retailing

Producers Use of cattle shed, particularly on
fattening programme
Use of cattle breed that are heat
resistant

Processors Use of ice block in preserving meat
product
Display of carcasses on table for
aeration

Marketers Use of sand, thatch and water on
the floor of trucks when conveying
cattle to the south
Administering water ad libidum to
reduce heat stress

Source: Field Survey, 2023.

Proposed Climate Smart Agriculture (CSA) Practices

The result of the proposed CSA practices among actors is presented in Table 4. CSA is aimed at reducing
emission of greenhouse gasses (GHGS), enhance adaptation and improve productivity and incomes of
operators. The result revealed that the proposed CSA practice under reduced rainfall pattern as climate risk
factors include provision of improved water harvesting technology; provision of renewable powered
boreholes to provide water for cattle and forage production. Water is necessity in cattle value chain activities
particularly, in input supply and production. Proposed CSA for production activity includes cross breeding
of Hambala with local breeds of cattle and afforestation/reforestation (use of browsing plants eg acacia and
wild legumes). Under processing, the proposed CSA comprises introduction of genetically high proven
cattle breed to boost production and supply; and provision of support in diversification of livelihood
activities respectively. CSA proposal for marketers include introduction of genetically high proven cattle
breed to boost production and supply; and provision of support in linking cattle markets. These strategies
could be implemented by government and Non-governmental Organizations (NGOs) and could be
beneficial to individual input suppliers, marketers, producers, processors and the economy at large.

Under high temperature as climate risk factor, the proposed CSA for input suppliers includes provision of
modern warehouses with modern facilities and provision of feed retail shops with modern facilities. For
producers, the proposed CSA are provision of modern cattle range with all production facilities; and
provision of genetically proven heat resistant cattle breed. For producers, the proposed CSA include
provision of cold stores and facilities in preserving meat and meat products. Proposed CSA for marketers
includes use of air conditioning vans and trains in conveying live cattle to the southern part of Nigeria; and
provision of modern cattle markets with necessary facilities. These strategies could be implemented by
government and NGOs for the benefit of operators and the economy.

All these CSA strategies identified are intended to reduce carbon sequestration among others. Carbon
sequestration can be achieved through decreasing deforestation rates, reversing of deforestation by
replanting, targeting for higher-yielding livestock with better climate change adapted varieties, and
improvement of land and water management (Melissa Rojas-Downing et al., 2017). Improving pasture
management can also lead to carbon sequestration by incorporating trees, improving plant species, legume
inter-seeding, introducing earthworms, and fertilization.
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Table 4: Proposed Climate Smart Agriculture for Cattle among actors

Climate Risk Factor Cattle Value Chain Actor Proposed CSA
Reduced Rainfall Pattern Input suppliers Water Harvesting
Provision of renewable energy powered
boreholes
Producers Cross breeding of Hambala with local

cattle breeds of cattle
Afforestation/Reforestation (use of
browsing plants eg acacia and wild
legumes)

Processors Introduction of genetically high proven
cattle breed to boost production and
supply
Support in diversification of
livelihoods.

Marketers Introduction of genetically high proven
cattle breed to boost production and
supply
Support in linking marketers with cattle
market (national and international).

High Temperature Input Suppliers Provision of modern warehouses with
modern facilities
Provision of feed retail shops with
modern facilities

Producers Use of modern cattle range with all
production facilities
Provision of genetically proven heat
resistance cattle.

Processors Use of cold stores and facilities in
preserving meat product
Provision of cold facilities

Marketers Use of Air conditioning vans and trains
in conveying live cattle to southern part
of Nigeria.

Provision of modern market with
necessary facilities

Source: Field Survey, 2023.

Conclusion and Recommendations

The study concludes that climate change affect cattle value chain activities. No any chain activity that is
immune from the impact of climate change. The study recommends that the proposed CSA to be
implemented by government and non-governmental organizations (NGOs) and support to be provided to
value chain actors in order to implement the local adaptation strategies for increased resilience.
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