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ABSTRACT  

Global demand for livestock products is expected to double by 2050, mainly due to improvement in the worldwide standard of 

living. Meanwhile, climate change is a threat to livestock production because of its impact on quality of feed crop and forage 

production, water availability, animal and milk production, livestock diseases prevalence, animal reproduction, and loss in 

biodiversity. This study reviews the global impacts of climate change on livestock production, the contribution of livestock 

production to climate change, and specific climate change and mitigation strategies in the livestock sector. The livestock sector 

contributes 14.5% of the global greenhouse gas (GHG) emissions, driving climate change further. Hot environment impairs 

production (growth, meat and milk yield and quality, egg yield, weight, and meat quality) and reproductive performance, metabolic 

and health status, and immune responses. Regarding livestock systems, it will be strategic to optimize productivity of crops and 

forage (mainly improving water and soil management), and to improve the ability of animals to cope with environmental stress by 

management and selection. To guide the evolution of livestock production systems under the increase of temperature and extreme 

events, better climate smart mitigation strategies is needed regarding biophysical and social vulnerability, and this must be 
integrated in agriculture and livestock components. 
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INTRODUCTION 

Climate change is the complex and multidisciplinary change in 

global or regional climate patterns, which pose a significant 

risk for human and natural systems (IPCC 2007). The most 

intricate multifactorial global challenge, which jeopardizes 

human and natural system, is seemingly threatened livestock 

production and productive performance. The considerable 

spatial heterogeneity of climate change impacts has been 

widely studied; global average temperature increases marks 

considerable differences in temperature rise between land and 

sea and between high latitudes and low; precipitation increases 

are very likely in high latitudes, while decreases are likely in 

most of the tropics and subtropical land regions (IPCC 2007). 

Increasing frequencies of heat stress, drought and flooding 

events are projected for the rest of this century, and these are 

expected to have many adverse effects over and above the 

impacts due to changes in mean variables alone (IPCC 2013). 

It is projected that  as the planet warms, climate and weather 

variability (surface temperature) will be increased by about 

3.7°C (likely range of 2.6°C–4.8°C) (IPCC, 2013), and with 

changes to the frequency, intensity and duration extreme 

weather events will be evident (Howden et al., 2008). Such 

changes will directly and indirectly impact the production and 

health parameters of livestock and include a complex set of 

interacting biophysical parameters that will influence growth 

performance such as, meat and milk yield and quality, egg 

yield, weight, and quality,
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reproductive performance, metabolic and health status, and 

carcass traits (Henry et al., 2012). The world population is 

projected to grow by 33% from 7.2 to 9.6 billion by 2050 

(UNDESA, 2017). Hence, it is estimated that up to 70% of 

increases in agricultural productivity will be required to meet 

the future demand for standard of living and food security 

(O’Mara, 2012). As an example, the global demand of milk 

and meat production predicted for 2050 to meet the global 

demand is estimated to increase by 1,077 and 455 million 

tonnes, respectively, equating to almost double that of 2006 

production (Alexandratos and Bruinsma, 2012). Global 

climate change represents a major challenge to achieve the 

predicted productivity growth required to meet these future 

demands. Livestock play a major role in the agricultural 

sector in developing nations, and the livestock sector 

contributes 40% to the agricultural GDP. Global demand for 

foods of animal origin is growing and it is apparent that the 

livestock sector will need to expand (FAO, 2009). Livestock 

are adversely affected by the detrimental effects of extreme 

weather. Climatic extremes and seasonal fluctuations in 

herbage quantity and quality will affect the well-being of 

livestock, and will lead to declines in production and 

reproduction efficiency (Sejian, 2013). 

Nigeria has one of the highest population density (people per 

sq. km of land area) in the world, with a unique geographical 

location in the African continent. It is dominated by 

floodplains, with significant expanses of low elevation, 

making it vulnerable to rising sea levels and flooding (World 

Population Review, 2019). Currently, new generations in 

Nigeria are suffering from mounting adverse effects 

comparatively from the previous generations. Nigeria is 

considered to be one of the developing countries with high 

energy demand and spotted low carbon print, as well as low 

carbon emission (World Bank, 2014). However, it is 

identified as one of the nations in the world vulnerable to 

global climate change (UNDESA, 2017).  

Nigeria’s livestock and agriculture resources are considered 

an important part of food security for the nation, and with 

one of the world’s largest growing economies, the impacts 

of climate change are worsened. The livestock sector in 

Nigeria consists millions of cattle, buffalo, sheep, goats, 

chickens, and ducks. This sector has contributed to the 

animal protein production predominantly, milk, meat, and 

eggs. 

Nigeria’s climate structure mirrors the African and global 

climate system in terms of its complex 

weather pattern and subdivision into sub-climatic zones: 

humid rainforest, savanna, derived savanna and 

arid/sahelian zones characterized by different rainfall and 

temperature regimes. Changing climate is considered as a 

threat to livestock production because of the impact on the 

quality of concentrate and roughage feeds, availability of 

clean drinking water, meat and milk production, disease 

prevalence and incidence, reproduction, and biodiversity 

(Henry et al., 2012). 

Climate change with its attendant shifts in natural climatic 

systems is therefore, of considerable economic importance 

to agricultural systems (crop and animal farming) in Nigeria. 

Drought, elevated temperatures, high humidity, variable and 

unpredictable rainfall pattern and other adverse weather 

conditions including extreme events (heat waves, 

hurricanes, flood, erosion, rain and sand storms, etc) are 

important limiting factors to livestock production in Nigeria 

and climate change will intensify their negative effects 

(BNRCC, 2008). This is in addition to the impacts of shifts 

in the epidemiology and dynamics of animal diseases, pests 

and vectors (Thomson et al., 2004). Globally, it is estimated 

that livestock disease reduces productivity by 25% with the 

heaviest burden falling on the poor (Grace et al., 2015). 

The present review highlights the myriad of probable climate 

change impacts on livestock 

production in Nigeria. This is aimed at sensitizing policy 

makers at all levels and stakeholders in the livestock sub 

sector to the need to integrate climate change adaptation and 

mitigation measures into livestock production systems in 

Nigeria. 
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POTENTIAL IMPACT OF CLIMATE CHANGE ON 

LIVESTOCK 

The potential risk associated with livestock production 

systems due to global warming can be characterized by 

levels of vulnerability, as influenced by animal performance 

and environmental parameters (Hahn, 1995). When 

combined performance level and environmental influences 

create a low level of vulnerability, there is little risk. As 

performance levels (e.g., rate of gain, milk production per 

day, eggs/day) increase, the vulnerability of the animal 

increases and, when coupled with an adverse environment, 

the animal is at greater risk. Combining an adverse 

environment with high performance pushes the level of 

vulnerability and consequent risk to even higher levels. 

Inherent genetic characteristics or management scenarios 

that limit the animal’s ability to adapt to or cope with 

environmental factors also puts the animal at risk. At very 

high performance levels, any environment other than near-

optimal may increase animal vulnerability and risk.  

 

The potential impacts of climatic change on overall 

performance of domestic livestock can be determined using 

defined relationships between climatic conditions and 

voluntary feed intake, climatological data, and General 

circulation model (GCM) output. Because ingestion of feed 

is directly related to heat production, any change in 

voluntary feed intake and/or energy density of the diet will 

change the amount of heat produced by the animal (Mader 

et al. 1999). Ambient temperature has the greatest influence 

on voluntary feed intake. However, individual animals 

exposed to the same ambient temperature will not exhibit the 

same reduction in voluntary feed intake. Body weight, body 

condition, and level of production will affect the magnitude 

of voluntary feed intake and ambient temperature at which 

changes in voluntary feed intake begin to be observed. Intake 

of digestible nutrients is most often the limiting factor in 

animal production. Animals generally prioritize available 

nutrients to support maintenance needs first, followed by 

growth or milk production, and then reproduction. 

INDIRECT IMPACTS OF CLIMATE CHANGE ON 

LIVESTOCK PRODUCTION 

Sustainable livestock production relies heavily on the 

availability of livestock feed crops. Profitable ruminant 

animal production in intensive holdings, on pasture and 

range lands depend on the availability of quality grains and 

forages in enough quantities (Hatfield et al., 2008). Key 

quality parameters include fiber content, crude protein, 

mineral, non-structural carbohydrates and secondary toxic 

compounds and these will vary under different climate 

scenarios (AIACC, 2006; FAO, 2009). Yield responses 

under increased warming will vary, with species of grain 

crops according to each crops cardinal temperature 

requirement (Lobell and Field, 2007; Hatfield et al., 2008). 

Crops that have optimal range at cooler temperatures will 

exhibit significant decreases in yield as temperature 

increases above the upper range. The response to rising 

temperatures by grain crops may however, be more 

complicated because biological response to temperature is 

non-linear and linear changes in temperature do not produce 

linear responses (Hatfield et al., 2008). Again, under the 

global climate change scenarios, many climate change 

factors interact to affect a biological entity. For instance, 

higher temperatures are often associated with decreases or 

lack of rainfall in many sub climates and this complication 

can exacerbate the effects of rising temperature 

(Hatfield et al., 2008). 

Grain crops vary in their response to carbon dioxide (CO2) 

enrichment of the atmosphere according to whether they are 

carbon (III) (C3) or carbon (IV) (C4) crops. Simulation 

studies (Ziska et al., 2005; Morgan et al., 2007) have shown 

that for most C3 crops (wheat, rice, legumes) there was 

significant increase in average yield under CO2 enrichment. 

The increase in yield was expressed as increased number of 

tillers-branches, panicles-pods, and number of seeds with 

minimal effect on seed size. Carbon (iv) crops (maize, millet, 

sorghum) increased their yield insignificantly under the 

same CO2 volume (Anderson et al., 2001). The beneficial 

effect of increased CO2 volume on yield is however, negated 
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under elevated temperature (heat stress) at the reproductive 

phase of crops so that yield is compromised in the face of 

increased biomass accumulation (Jifon and Wolfe, 2005). 

Unrestricted root growth, optimum soil fertility and 

excellent control of weeds, pests, and diseases are also 

necessary to 

maximize the benefits of increased CO2 concentration 

(Newman et al., 2006). The yield of forage and pasture crops 

(C3 and C4 photosynthetic pathways) under different 

climate change scenarios is determine by the interaction 

between the major drivers of global climate change namely 

precipitation (rainfall), carbon dioxide and temperature. 

Field results, however, indicate that rainfall change was the 

explanatory variable in yield changes of both pasture and 

range-land forage crops followed by CO2 and temperature 

change (Thomson et al., 2004). Reduced precipitation will 

lead to reduced yield since the overall ecology of pasture and 

range lands is determined by the spatial and temporal 

distribution of rainfall and consequences of precipitation 

patterns for soil water availability (Tietjen et al., 2010). 

Rising CO2 in the atmosphere, warming (increase in 

temperature) and altered precipitation pattern all impact 

strongly on soil water content and plant water relations 

(Morgan et al., 2007). Through simulation of photosynthesis 

and water use efficiency, rising CO2 was shown to enhance 

plant productivity on most range lands (Hatfield et al., 2008; 

Tietjen et al., 2010). The sum of effects of atmospheric and 

climate change on forage quality is varied. Based on 

expected precipitation changes and known environmental 

effects on forage protein, carbohydrate, and fiber content, 

both positive and negative changes in forage quality are 

possible (Hatfield et al., 2008). Elevated CO2 volume can 

increase non-structural carbohydrate content of forage crops 

thereby enhancing forage quality. Nitrogen and crude 

protein content of forages are, however, reduced under CO2 

enrichment of the atmosphere, especially, under poor soil 

nitrogen content (Milchunas et al., 2005). This counters the 

positive effect of enhanced CO2 volume on plant production. 

The rising CO2 level, therefore, produces poorer forages 

which are poorly digested and utilized by ruminant animals. 

Experimental warming causes reduction in tissue nitrogen 

concentration. Thus, under increased environmental 

temperature and reduced rainfall (the likely situation in the 

field), forage quality is expected to decline and will produce 

negative effects on animal growth, reproduction and health 

(Milchunas et al., 2005). This could render livestock 

production unsustainable unless ruminant diets are 

supplemented with nitrogen sources. Ruminants require 

forages with at least 17% crude protein for maintenance, 10 

– 14% for growth, and 15% for lactation. Optimal rumen 

fermentation also 

requires a balance between ruminal available protein and 

energy. The rate at which digester passes through the rumen 

decreases with increasing fiber content of forages (Hatfield 

et al., 

2008). Tropical forages are essentially of the poor quality 

carbon (IV) type and increased warming 

will lead to greater deterioration of tropical forages (Hatfield 

et al., 2008). 

DIRECT IMPACT OF CLIMATE CHANGE ON 

LIVESTOCK PRODUCTION 

Ambient temperature, humidity, wind speed, thermal 

radiation and precipitation are the major 

climate parameters which constitute the thermal 

environment and which are the potential 

environmental stressors of livestock with regards to health, 

growth, yield and reproduction (Nienaber and Hahn, 2007; 

Svotwa et al., 

2007). There are levels of vulnerability associated with 

livestock production to the potential risks due to global 

warming (Hatfield, 2009). These levels are associated with 

levels of 

productivity, as well as other environmental factors and 

genetic attributes of 

individual animals, species and breeds  (Hatfield, 2009). As 

performance levels increase, the vulnerability of the animal 

increases and, when coupled with other adverse 

environmental factors (e.g. poor nutrition), the animal is at 

greater risk (Hatfield, 2009). Inherent genetic characteristics 

or management scenarios that limit the animal’s ability to 

adapt to or cope with thermal stress also put the animal at 
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risk. At high performance levels, any environment other than 

near optimum may put the animal at greater risk (Mader et 

al., 2009). 

MITIGATING THE IMPACT OF CLIMATE 

CHANGE ON LIVESTOCK PRODUCTION 

The following strategies could be adopted to reduce 

greenhouse gas (GHG) emissions to mitigate climate change 

impact on livestock production as follows:  

i. There should be a decrease in emission of GHGs 

especially methane (CH4) by producing animals 

with low CH4 production abilities. This is because, 

methane production from individual animals may 

vary over time, even when animals are fed a 

constant amount of the same quality feed each day 

(Afshar et al., 2015).  

ii. There should be a reduction in livestock numbers, 

since methane emissions from livestock are the 

predominant source of GHG emissions. This can 

be achieved through effective normal market 

processes by understanding the demand for 

specific animals. For example, in New Zealand 

sheep farming has become less profitable over the 

past ten years and farmers have reduced sheep 

numbers and used the land for alternative 

enterprises, such as forestry a possibility (Ulyatt 

and Lassey, 2001).  

iii. There should be an improvement of animal 

productivity. As part of the improvement in 

production efficiency, a greater portion of the 

energy in the animal feed should be directed 

towards the creation of useful products (milk, 

meat, power) so that methane emissions per unit 

product are reduced. This increase in production 

efficiency will also lead to a reduction in the size 

of the herd required to produce a given level of 

methane emissions (FAO, 2010) 

iv. Allowing older animals to stay for a longer life 

span (longevity). For instance, the longer a cow 

stay in a herd, the lower number of replacements 

required, and thus the lower the total farm methane 

emissions (O’mara, 2004). 

v. Improving pasture quality is often cited as a means 

of reducing GHG emissions, especially in less 

developed regions, because of improvements in 

animal productivity, as well as a reduction in the 

proportion of energy lost as CH4 due to a reduction 

in dietary fiber swards (O’mara et al., 2008).  

vi. The use of methanogen vaccine to reduce methane 

emissions. The vaccine stimulates antibodies, 

which are active against the methanogens. This 

vaccine is found to significantly reduce in vitro 

methane emission (Reyenga and Howden, 1999). 

 

CONCLUSION  

Climate change is a major threat to the sustainability of 

livestock systems globally. Climate change may manifest 

itself as rapid changes in climate in the short term (a couple 

of years) or subtler changes over decades. Generally, climate 

change is associated with an increasing global temperature 

which can affect livestock directly or indirectly. 

Consequently, mitigation of the detrimental effects of 

extreme climates has played a major role in combating the 

climatic impact on livestock.  
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