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1. Climate Change
• global warming



Annual global mean air
temperature anomaly (°C) at
the surface (Jan-Dec)

Trend of warm spell 

duration index 1976-2010. 

Circles represent the 

annual mean number of days 

for the decade. 

Increase of hot days 

frequency. 

(https://www.ecad.eu) 

(Pasqui and Di Giuseppe, 2019)

https://www.ecad.eu/


Heat waves frequency in Europe
1961-1990 2071-2100

European Environment Agency



Temperature anomalies: South America (Marengo et al., 2014)
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Bioclimatic index 
Other than only temperature to estimate heat 

stress in farm animals a specific thermal index is 
adopted.

The THI (temperature-humidity index) is the index 
most used and is a combination between 

temperature and humidity effect.

Kibler (1964), Johnson (1980): 

THI = Tdb + 0.36Tdp + 41.2°C

Kelly and Bond (1971):

THI = (1.8 *Tdb+32)-(0.55-0.55*RH/100)*[(1.8*Tdb+32)-58)]

Tdb = dry bulb temperature (°C)

Tdp = dew-point temperature (°C)











Vitali et al., 2019



In Summary

1. Increase in temperature (and THI), increase in
the frequency of heat waves and alteration of
rainfall frequency and intensity is expected in
the future.

2. The increasing concern with the thermal
comfort of agricultural animals is justifiable not
only for countries occupying tropical zones, but
also for nations in temperate zones where high
ambient temperatures are becoming an issue.



2. Livestock production 
systems and sustainability



What do we mean when we talk about livestock 
production and what is the definition of livestock? 

It is defined as domesticated animals raised in an 
agricultural production system with the aim of 

producing food, fibre and labour. 

Sometimes, reference is only made to ruminants such 
as cattle, sheep and goats but this definition should 

include all livestock which fits the original 
description, including poultry, pigs etc.



Livestock production 

system

Tradition/

Culture

Urbanization 

rate

Available 

resources and 

biodiversity of 

species

Available 

market

Import/Export

Livestock 

producer skill 

level
Green 

agriculture 

awareness 

pressure

Level of 

consumer 

sophistication

Existing 

Climate

The most important factors influencing a specific livestock 
production approach can be summarised as follows (Rust, 
2019)

Main drivers of a specific livestock production 
system (weight of arrow indicate importance)



Impacts of 
climate change 

on livestock
(Özkan et al. 2016).



Global density of livestock (units per square kilometre)

(FAO, 2006)



(a) Overview of the livestock of the world: data set for dairy and beef cattle
(b) Overview of the livestock of the world: data set for goat
(c) Overview of the livestock of the world: data set for sheep IT



Livestock production systems
according to the classification devised by Seré and Steinfeld
(1996). This classification system consists of two main criteria
namely Agro-climatic and Type (Rust, 2019).





Nardone et al. 2010



The answer to the 1st question

To answer the 1st question we can divide the 

livestock systems into 3 main levels 

regarding climate dependence







The answer to the 2nd question
on modification of systems



Pastoral systems: species, feeding and production

Africa;
North, Central, 
South America; 
Southern Asia
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Silvopastoral systems 

Silvopastoral systems (SPS) are agroforestry arrangements that purposely 
combine fodder plants, such as grasses and leguminous herbs, with shrubs 

and trees or palms for animal nutrition and complementary uses 
(Murgueitio et al. 2011; Chará et al. 2019).

They allow the intensification of cattle production based on natural 
processes and are recognized as an integrated approach to sustainable land 

use. SPS promote beneficial ecological interactions that manifest 
themselves as increased yield per unit area, improved resource use 

efficiency and enhanced provision of environmental services 

Silvopastoral systems provide technological, economic, environmental, and 
cultural options for supporting livelihoods and commercial activities through 
sustainable livestock farming. All these are coincident with the objectives 

of the Global Agenda and with its support of the SDGs. 



Meat and milk production per hectare in years 0 and 9 (Chará et al. 2019)

Milk (Mg ECM/ha) Meat (kg LW/ha)

Case Baseline Year 9 % Diff. Baseline Year 9 %Diff.

1 126 1187 842

2 7.2 11.5 60

3 11.3 13.4 19

4 14.0 24.4 74

5 85 1034 1116

6 0.4 9.2 2200

7 2.9 12.0 314

8 341 2670 683

9 48 274 471

10 86 150 74



when compared to treeless pastures are:
i) increased production of higher quality forages, which reduces the need of 

supplementation from external sources (Mojardino et al. 2010, Barahona et al. 2014);
ii) increased (up to 4-fold) cattle production per ha (Thornton and Herrero 2010);
iii) higher storage of carbon in both aboveground and belowground compartments of the 

system (Nair et al. 2010, Montagnini et al. 2013);
iv) improvement of soil properties due to greater uptake of nutrients from deeper soil 

layers, enhanced availability of nutrients from leaf-litter and increased nitrogen input 
by N2-fixing trees (Nair et al. 2007, Vallejo et al. 2010, Cubillos et al. 2016);

v) enhanced resilience of the soil to degradation, nutrient loss, and climate change, 
(Ibrahim et al. 2010, Harvey et al. 2013, Murgueitio et al. 2013);

vi) improved water holding and infiltration capacity of the soil which contributes to the 
regulation of the hydrological cycle by reducing runoff intensity (Jose 2009, Rios et al. 

2007);
vii) habitats of higher biodiversity (Nair et al. 2010, Sáenz et al. 2007, Giraldo et al. 2011, 

Montoya-Molina et al. 2016);
viii) improved animal welfare (Broom et al. 2013).

SPS benefits 



The possibility to cope with the effects of climate change will vary according to 
the available technologies and extension services where the systems are located.

Africa;
South America; 
South Asia;
South Australia

Mixed rainfed systems: species, feeding and production
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Central Europe; 
North America; 
Northern India; 
North-East 
China

Mixed irrigated systems: species, feeding and production
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The answer to the 3rd question
on factors more vulnerable





Protein content 
in % per Kg of 

product

g of product to obtain 1 
unit of protein (= 34 g)

g of 
product

Kg water 
consumption

Beef 21 162 4577

Chicken 19 179 1342

Milk 3 1000 1500

Sweat
water/year

(Km3/year)

Total 110.300

Loss 97.800

Avalaible 
for man 
activity:

-agricult.

-industrial

-towns

-other

12.500

2880

975

300

275

Beef cattle require 3.4 
times more water than 

poultry or milk to produce 
1 unit of animal proteins

Nardone et al. 2010







3. Concluding remarks









Thanks for 
attention



How will extensive systems have to adapt/change under a 
predicted climate change scenario?

• Decrease in the total extent of extensive livestock production systems 
(ELPS) in both developing and developed countries.

• Spatial movement (extensive livestock production will be practised in areas 
and regions where it was impossible before).

• Camps/paddocks will have to be re-designed to allow for:
• More shaded areas (trees or artificial).
• More and strategically placed water points.

• Farming units will increase in size with less animals per area unit.

• Conservative stocking rates, pasture conservation and rainwater harvesting.

• Indigenous/adaptive breeds will dominate but should not be to the detriment 
of production levels.



• Production efficiency will become paramount:
• Survivability (disease, heat and drought tolerance); Reproduction

efficiency/fertility; Feed conversion rates.

• Marker assisted selection will become more relevant for the genetic
improvement of extensive production animals.

• Diversification of species will be needed (mixture of small and large stock).

• Small stock species (goat in particular) will begin to dominate over large stock
species.

• The production cost will increase to some extent with subsequent increase in
product price and potential consumer resistance.

• A relatively high skill set level will be required of extensive livestock farmers
in order to deal with the adaptation/mitigation aspects of climate change.

How will extensive systems have to
adapt/change under a predicted climate
change scenario?



How will intensive systems have to adapt/change under a 
predicted climate change scenario?

• Monogastric species will be seen as more “environmentally friendly”

• Intensive livestock production will move closer to the urban areas

• Housing systems will change: self-sufficient energy supply, air filtration, 
recycling of water and sophisticated cooling systems

• Ruminant and monogastric diets will become more refined, keeping in mind 
the life cycle environmental production cost of the components used

• Drought tolerant grains will form part of ruminant and monogastric diets as 
opposed to less drought tolerant varieties

• Manure management of intensive systems will become industrial processes in 
order to minimize environmental impact and to generate re-usable energy.



• Genetic selection will be leaning towards more efficient subjects under 
intensive conditions

• Marker assisted selection will become essential for the genetic improvement 
of intensive production animals

• There will be a shift from extensive to intensive production systems in 
developing countries

• The production cost of intensive livestock farming will increase considerably 
with subsequent increase in product price and potential consumer resistance

• A “very high” skill set level will be required of intensive livestock farmers in 
order to deal with the adaptation/mitigation aspects of climate change.

How will intensive systems have to
adapt/change under a predicted
climate change scenario?


