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Context

>80% of Kenya = arid or semi-arid

Home to both wildlife, livestock and 
livestock producers

50% of total livestock population

30% of total human population

75% of total wildlife population

Producing 90% of the meat consumed 
in Kenya
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Climate change
• Over the last 40 years:
• Approximate 1°C increase in temperature
• 137,129 km² shifted from wetter to drier zones
• Arid climate regions expanded from 72 to 81% (= 50,000km2)

• Climate zones shift towards hotter and drier conditions
• Climatic diversity will decline so will ecosystem diversity and ecosystem 

goods and services to society
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Impacts of CC on Livestock

Hazards/stresses:
• Δ CO2, temperature, precipitation
• Variability and extreme events

Direct impact
• Heat stress

Indirect impact
• Water
• Diseases
• Biodiversity, Soil
• Feed and forages
• Livelihoods and systems
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Impacts of CC on Livestock

Heat stress
Behavioral and metabolic changes, e.g. reduced feed intake, increased energy requirement, 
decreased conception rates, …
Influenced by species, genetic potential, life stage and nutritional status

Water
Rising temperature ~ higher water demand (feed production and drinking)
Δ surface and groundwater supply

Diseases
Δ development of pathogens, distribution of vectors, transmission rates
Decreased resistance of livestock
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Heat stress increasing

Adaptation efforts will be necessary to 
combat the effects of increasing heat stress
if food security challenges are to be 
minimized. 

Adaptations include switching to more 
heat-tolerant species and breeds & 
provision of shade.
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Camels – a solution to food security?

Study: combine heat stress 
frequency, DM feed 
production, water 
accessibility data to 
understand where 
environmental changes in 
NSSA’s drylands are 
jeopardizing cattle milk 
production 
→ Environmental conditions 

worsened for 17% of the 
study area
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Camels – a solution to food security?

Shifting herd composition from cattle to inclusion of, replacement with goats and camels can 
secure milk production and secure NSSAs dairy production resilience against climate change.

Increasing goats 14% (7.7m) 
and camels 10% (1.2m)

Reducing cattle 25% (5.9m)

→ 5.7% (0.14Mt) higher milk

→ 15.3% (1,683.6million m3) lower water

→ 11.2% (404.3Mt) reduced feed demand

→ 7.9% (1.224.6 MtCo2e) lower emission
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Carbon Stock and Flow in Silvo-pastoral systems
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biomass 

Below ground 
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Animal 
product 
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Silvo-pastoral systems – “grazing with trees”

Co-benefits:

• Shade → productivity increases, animal welfare
• Carbon sequestration (and reduction in enteric CH₄)
• Biodiversity increases
• Soil Improvement: Tree roots help improve soil structure, increase organic matter, and enhance 

nutrient cycling
• Water Management: Better infiltration and reduced runoff improve water availability and quality
• Economic Benefits: Diversified farm income through additional products like timber, fruits, 

manure, others
• Animal Welfare: Better shelter from extreme weather conditions improves overall animal health.
• Reduction in Soil Erosion: Trees and vegetation help stabilize the soil, reducing erosion
• Improve N cycling: N fixation through leguminous trees increases availability of N



• Shade-tolerant forages
• Quantification of carbon sequestration 

potential
• GHG Emissions Reduction
• Soil Health Improvement
• Biodiversity Enhancement/increasing
• Integration with Crop Systems

Next steps:

• Co-design and scaling of locally-adapted 
systems

• On-field measurements and estimations
• Explore carbon markets

On-going research
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Final comments

Climate Change Impact: Kenya's arid areas have expanded, leading to hotter, drier 
conditions that reduce ecosystem diversity and services.

Heat Stress Adaptation: Adaptation, like using heat-tolerant livestock and providing 
shade, is essential to combat increasing heat stress

--> Camels as a Solution: Including more goats and camels in herds can improve milk 
yield, reduce resource demand, and lower emissions

--> Silvopastoral System Benefits: These systems enhance productivity, carbon 
sequestration, biodiversity, soil and water management, and provide economic benefits



Thank you!
Ricardo González-Quintero

r.gonzalez@cgiar.org
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