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Global temperatures
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Historic CO2 trend
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CO2 emissions

https://lab-aids.com
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Greenhouse effect

ά!ǘ ǘƘŜ ǘǳǊƴ ƻŦ ǘƘŜ мфth century, Svante Arrhenius calculated that 
emissions from human industry might someday bring a global 
warming. Other scientists dismissed his idea as faulty. In 1938, G.S. 
Callendarargued that the level of carbon dioxide was climbing and 
raising global temperature, but most scientists found his arguments 
implausible. It was almost by chance that a few researchers in the 
мфрлǎ ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ǘǊǳƭȅ ǿŀǎ ǇƻǎǎƛōƭŜΦέ
https://history.aip.org/climate/co2.htm

https://history.aip.org/climate/co2.htm
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Human-caused global warming

skepticalscience.com
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Human-caused global warming

skepticalscience.com
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Human-caused global warming

IPCC, 2007
https://www.ipcc.ch/publications_and_data/ar4/syr/en/spms2.html
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Human-caused global warming
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Impacts of climate change 
in the Mediterranean region

iSAGETraining Course , 21-22 Oct 2019, Meknès
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Impacts of climate change
A. Changesin temperature: Hotter

A. In the Mediterranean region, average annual temperatures are now approximately 
1.5°C higher than during the preindustrial period (1880-1899) and well above 
current global warming trends (+1.1°C) (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, Meknès

MedECC, 2019
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Impacts of climate change
A. Changesin temperature: Hotter
Å In the Mediterranean region, without additional mitigation regional temperature 

increase will be 2.2ºC in 2040 possibly exceeding 3.8ºC in some regions in 2100 
(MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, Meknès

MedECC, 2019
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Impacts of climate change
A. Changesin temperature: Heatwaves
Å High temperature events and heat waves (periods of excessively hot weather) are 

likely to become more frequent and/or extreme (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, Meknès
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Impacts of climate change
B. Changesin rainfall patterns: Precipitation
Å Climate models indicate a trend towards reduced rainfall in coming decades in the 

region of southern Europe/Mediterranean. For each degree of global warming, 
mean rainfall will likely decrease about 4% in much of the region (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, Meknès

MedECC, 2019
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Impacts of climate change
B. Changesin rainfall patterns: Precipitation
Å Climate models indicate a trend towards reduced rainfall in coming decades in the 

region of southern Europe/Mediterranean. For each degree of global warming, 
mean rainfall will likely decrease about 4% in much of the region (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, MeknèsEEA, 2019
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Impacts of climate change
B. Changesin rainfall patterns: Droughts
Å Frequency and intensity of droughts have already increased significantly in the 

Mediterranean since 1950 (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, Meknès

The Guardian, 2017
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Impacts of climate change
B. Changesin rainfall patterns: Droughts
Å Frequency and intensity of droughts have already increased significantly in the 

Mediterranean since 1950 (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, Meknès

elindependiente.com, 2019
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Impacts of climate change
B. Changesin rainfall patterns: Droughts
Å Frequency and intensity of droughts have already increased significantly in the 

Mediterranean since 1950 (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, Meknès

La Tribuna de Cuenca, 2017
El País, 2017
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Impacts of climate change
B. Changesin rainfall patterns: Heavy rainfall events
Å Heavy rainfall events are likely to intensify by 10-20% in all seasons except for 

summer (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, MeknèsFloodlist.com, 2019

Atlasinfo.fr, 2019
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Impacts of climate change
Other consequences: 
Å Increased risk of fires due to drought and heat waves but also to changes in land 

management (MedECC, 2019)

iSAGETraining Course , 21-22 Oct 2019, Meknès
The guardian, 2018
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Impacts of climate change
Other consequences: 
Å Increased risk of fires due to drought and heat waves but also to changes in land 

management (MedECC, 2019)
Å Increased risk of erosion due to couple effect of heavy rainfall events and fires

iSAGETraining Course , 21-22 Oct 2019, Meknès

Panagos et al., 2015
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Impacts of climate change
Other consequences: 
Å Increased risk of fires due to drought and heat waves but also to changes in land 

management (MedECC, 2019)
Å Increased risk of erosion due to couple effect of heavy rainfall events and fires
Å Desertification: warming and drought is expected to increase aridity and subsequent 

desertification of many Mediterranean land ecosystems

iSAGETraining Course , 21-22 Oct 2019, MeknèsMedECC, 2019
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Solutions to face climate change:

Climate change mitigation and adaptation

iSAGETraining Course , 21-22 Oct 2019, Meknès
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General effectsof climatechangeon
sheepand goatsystems
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Impacts of CC on sheep and goat systems

Effectsof CC on
forageproduction

Effectsof CC on
smallruminants

Regional implicationsfor smallruminant production
systemsand adaptationmeasures
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Effectsof climatechange
on forageproduction
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Effects of CC on forage production
Å Increase in CO2 may promote greater production in grasslands 

(10-20%).

Lee et al., 2013
Campbell et al., 2010

Increase in CO2
Increase in CO2
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Effects of CC on forage production
Å Increase in CO2 may promote greater production in grasslands 

(10-20%). Differences among plant functional groups.

Dellar et al, 2018

Increase in CO2
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Effects of CC on forage production
Å Highertemperature(warming) tend to enhanceplant growth. 

Beyondthe optimumtemperature, startsto decrease.

Körner et al., 2006
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Effects of CC on forage production
Å Reduced water availability decrease production

Dellar et al, 2018

Decrease in water
availability



Impacts of climate change on sheep and goat systems

Effects of CC on forage production
Å Overall effect depends on complex interacting processes 

between CO2, temperature and water availability in the soil-
water-plant system 



Impacts of climate change on sheep and goat systems

Effects of CC on forage production
Å Overall effect depends on complex interacting processes 

between CO2, temperature and water availability in the soil-
water-plant system 



Impacts of climate change on sheep and goat systems

Effects of CC on forage production
Å Overall effect depends on complex interacting processes 

between CO2, temperature and water availability in the soil-
water-plant system 

CO2 Temp Water

Dellar et al, 2018Less water



iSAGESummer School , 21-23 May 2018, Zaragoza, Spain

Impacts of climate change on sheep and goat systems

Effects of CC on forage production
Å Little or negligible response has been observed in pastures 

with low N supply. Increased production may not be sustained 
in natural and semi-natural ecosystems due to nutrient 
limitations (Luo et al., 2004)

Morgan, 2002Izaurralde et al., 2011



Impacts of climate change on sheep and goat systems

Effects of CC on forage quality
Å Increased CO2 concentration and temperature tend to decrease 

forage protein (N) content and increase total non-structural 
carbohydrate. No significant effect on forage digestibility (Dumont 
et al., 2015). 

Dumont et al., 2015

Increase in CO2
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Effects of CC on forage quality
Å Increased CO2 concentration and temperature tend to decrease 

forage protein (N) content and increase total non-structural 
carbohydrate. No significant effect on forage digestibility

Dellar et al., 2019

Increase in temperature
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Effects of CC on forage quality
Å Increased CO2 concentration and temperature tend to decrease 

forage protein (N) content and increase total non-structural 
carbohydrate. No significant effect on forage digestibility

Å Reduced water availability tend to increase protein (N) content

Dellar et al., 2019

Increase CO2
Reduced Water
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Effects of CC on forage quality
Å Increased CO2 concentration and temperature tend to decrease 

forage protein (N) content and increase total non-structural 
carbohydrate. No significant effect on forage digestibility

Å Reduced water availability tend to increase protein content
Å Warming and high CO2 levels favour species that fix N2 (i.e. 

legumes) over non-fixing species. 
Å The protein content is expected to decrease in non-leguminous 

plants, but this may be partially counteracted by the expected 
increase in the legume content of swards. 
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Effectsof climatechange
at the animal level
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Effects of CC on small ruminants: 
-Heat stress: Animal thermoregulatoryresponses 
ÅPhysiological (sweating, panting)
ÅHormonal (cortisol, thyroid gland activity)
ÅBehavioural (increase water intake, decrease feed intake) 

Sejian et al., 2017
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Effects of CC on small ruminants: 
-Heat stress: Animal thermoregulatoryresponses 

Adapted from 
Silanikoveet al., 2015
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Effects of CC on small ruminants: 
-Heat stress: How to measure the heat load exposure?
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Effects of CC on small ruminants: 
-Heat stress: How to measure the heat load exposure?
ÅTemperature?
ÅTemperature-humidity index (THI):

ὝὌὍ ὝὨὦΞὅ πȢυυ πȢυυὙὌ ὝὨὦΞὅ ρτȢτ

Kelly and Bond 1959
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Effects of CC on small ruminants: 
-Heat stress: How to measure the heat load exposure?
Temperature-humidity index (THI):

Temperature

ºC 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

21 17 18 18 18 18 18 18 19 19 19 19 19 20 20 20 20 20 20 21 21 21

22 18 18 18 18 19 19 19 19 19 20 20 20 20 21 21 21 21 21 22 22 22

23 18 19 19 19 19 19 20 20 20 20 21 21 21 21 22 22 22 22 23 23 23

24 19 19 19 20 20 20 20 21 21 21 21 22 22 22 22 23 23 23 23 24 24

25 19 19 20 20 20 21 21 21 22 22 22 22 23 23 23 24 24 24 24 25 25

26 20 20 20 21 21 21 22 22 22 22 23 23 23 24 24 24 25 25 25 26 26

27 20 20 21 21 21 22 22 22 23 23 24 24 24 25 25 25 26 26 26 27 27

28 21 21 21 22 22 22 23 23 24 24 24 25 25 25 26 26 27 27 27 28 28

29 21 21 22 22 23 23 23 24 24 25 25 25 26 26 27 27 27 28 28 29 29

30 21 22 22 23 23 24 24 24 25 25 26 26 27 27 27 28 28 29 29 30 30

31 22 22 23 23 24 24 25 25 26 26 26 27 27 28 28 29 29 30 30 31 31

32 22 23 23 24 24 25 25 26 26 27 27 28 28 29 29 30 30 31 31 32 32

33 23 23 24 24 25 25 26 26 27 27 28 28 29 29 30 30 31 31 32 32 33

34 23 24 24 25 25 26 26 27 28 28 29 29 30 30 31 31 32 32 33 33 34

35 24 24 25 25 26 27 27 28 28 29 29 30 30 31 32 32 33 33 34 34 35

36 24 25 25 26 26 27 28 28 29 29 30 31 31 32 32 33 34 34 35 35 36

37 25 25 26 26 27 28 28 29 30 30 31 31 32 33 33 34 35 35 36 36 37

38 25 26 26 27 28 28 29 30 30 31 32 32 33 33 34 35 35 36 37 37 38

39 25 26 27 27 28 29 30 30 31 32 32 33 34 34 35 36 36 37 38 38 39

40 26 27 27 28 29 29 30 31 32 32 33 34 34 35 36 36 37 38 39 39 40

41 26 27 28 29 29 30 31 31 32 33 34 34 35 36 37 37 38 39 40 40 41

42 27 28 28 29 30 31 31 32 33 34 34 35 36 37 37 38 39 40 40 41 42

43 27 28 29 30 30 31 32 33 34 34 35 36 37 37 38 39 40 41 41 42 43

44 28 29 29 30 31 32 33 33 34 35 36 37 37 38 39 40 41 42 42 43 44

45 28 29 30 31 32 32 33 34 35 36 37 37 38 39 40 41 42 42 43 44 45

% Relative Humidity



Impacts of climate change on sheep and goat systems

Effects of CC on small ruminants: 
-Heat stress: How to measure the heat load exposure?
ÅTemperature?
ÅTemperature-humidity index (THI)
ÅBlack globe temperature
ÅhǘƘŜǊ ŀǇǇǊƻŀŎƘŜǎΥ ¢ŜƳǇΣ ҈wIΣ ǊŀŘƛŀǘƛƻƴΣ ǿƛƴŘΧ



Impacts of climate change on sheep and goat systems

Effects of CC on small ruminants: 
-Productivity and product quality (milk+meat)
Å Sheep and goat subject to heat stress often show reduction in feed 

intake and impaired productivity: Meat
Å Lamb impaired growth rate
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Effects of CC on small ruminants: 
-Productivity and product quality (milk+meat)
Å Sheep and goat subject to heat stress often show reduction in feed 

intake and impaired productivity: Meat
Å Lamb impaired growth rate
Å Meat quality: abnormal odourand taste, greater water holding 

capacity and susceptible to spoilage by microorganism



Impacts of climate change on sheep and goat systems

Effects of CC on small ruminants: 
-Productivity and product quality (milk+meat)
Å Sheep and goat subject to heat stress often show reduction in feed 

intake and impaired productivity
Å Reductionin milk yield(l/d): 10-30%

Salamaet al., 2014



Impacts of climate change on sheep and goat systems

Effects of CC on small ruminants: 
-Productivity and product quality (milk+meat)
Å Sheep and goat subject to heat stress often show reduction in feed 

intake and impaired productivity
Å Reductionin milk yield(l/d)
Å Milk quality: reduction of protein, total fat and fatty

acid profile, reduction of coagulating properties 

Ramon et al., 2016
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Effects of CC on small ruminants: 
Reproduction
Å Heat stress affects negatively fertility:
Å Females: impacts ovarian function, duration of gestation, 

conception rate and birth weight of lambs.
Å Males: reduced quantity and quality of sperm, changes in sexual 

activity.

Sejianet al., 2017
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Effects of CC on small ruminants: 
Animal health & welfare
Å Warmer conditions may increase the incidence of infectious 

diseases (gastrointestinal nematode, udder health)



Impacts of climate change on sheep and goat systems

Regional implicationsand 
climate changeadaptationstrategies
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Regional implications for small ruminant production 
systems in Europe: 
Å Climate change impacts will vary among the different European sub-

regions

Figure - General trends of several climate variables for European sub-regions. Indices represent changes for 2071-2100 with respect 
to 1971-2000 based on RCP4.5 and RCP8.5 scenarios (Pardo et al 2017 based on Jacob et al, 2014).

Northern Europe
Temperatureriselargerthan global average
Decreasein snow, lakeand river ice cover
Increasein heavy precipitationevents
Increasingdamageriskfrom winter storms

Central and Eastern Europe
Increasein warmtemperatureextremes
Decreasein summerprecipitation
Increasingriskof forest fires
Increasingriskof river floods

Mountain regions
Temperatureriselargerthan global average
Decreasein mountainpermafrost areas
Upwardshift of plant species
Increasingriskof soilerosion

North-western Europe
Increasein heavy precipitationevents
Increasingriskof river floods
Increasingdamageriskfrom winter storms

Mediterraneanregion
Largeincreasein heatextremes
Decreasein precipitation
Increasingriskof droughts
Increasingriskof forest fires
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Regional implications for small ruminant production 
systems in Europe: 
Å Climate influences distribution of vegetation and small ruminant 

systems across Europe

Figure - Distribution of 
small ruminant 
livestock in Europe 
(Pardo et al, 2017 
based on Eurostat, 
2015)
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systems in Europe: 
Å Climate influences distribution of vegetation and small ruminant 
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systems in Europe: 
Å Climate influences distribution of vegetation and small ruminant 

systems across Europe



Impacts of climate change on sheep and goat systems

Regional implications: 
E) Southern(Mediterranean) region
Å Reduction in forage yields due to less rainfall and risk of drought 

projection
Å Grazing season is expected to be shortened. Grazing activity will 

suffer from irregular patterns due to extreme events.
Å Encroachment (increase of shrubs)
Å Soil erosion and degradation
Å Heat stress in animals: more frequency and length of heat waves



Impacts of climate change on sheep and goat systems

Regional implications: 
E) Southern(Mediterranean) region
Adaptation measures:
ÅMediterranean systems traditionally had to adapt 

GrandfatherRamón

Greatparents



Impacts of climate change on sheep and goat systems

Southern(Mediterranean) region
General adaptation strategies for forage production to face CC 
Å Diverse pastures: 
Å to enhance resilience under variable climatic conditions
Å to adapt to potential shortages of global protein sources, or to 

face the expected decreased of protein content (increasing 
mixed legume-grass pastures).

Å Reduced tillage for soil moisture conservation and increased long-
term productivity (increase soil organic matter)



Impacts of climate change on sheep and goat systems

Southern(Mediterranean) region
General adaptation strategies for forage production to face CC 
Å Improved plant breeding (long-term):
Å improving adapted legume species:
Å reducing dependency on external protein-rich feeds
Å reducing use of synthetic fertilisers

Å developing varieties that can survive long drought periods and 
recover rapidly following autumn rains
Å mix mediterraneanand temperate tall fescue, cocksfoot and lucerne



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measures: Flexible grazing and alternative feed resources: 
Å Crop residues: Post-harvest cereals, olive leaves
Å Mediterranean region is also projected to experience substantial 

crop yield losses, especially for rain-fed systems



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measures: Flexible grazing and alternative feed resources: 
Å Underutilized feedstuffs from agro-industry by-products

Reference Basal diet Alternative feed sources Supplementtype Animal Breed

Abbeddou et al 2011 Barley straw/concentrate
Olive cake and leaves, tomato 
pomace

Dairy ewes Awassi

Arco-Pérez et al 2017 Alfalfa hay/concentrate Olive cake, Tomatosurplus Silage Dairy goats Murciano-granadina

Cabbidu et al 2004 Grass hay/concentrate Olive cake Silage Dairy ewes Sarda

Chiofalo et al 2004 Alfalfa hay/concentrate Olive cake dairy ewe Comisana

Di Francia et al 2004 Oat hay/concentrate Tomatopomace Silage dairyewe Comisana

Fegeros et al 1995 Alfalfa hay/concentrate Citrus pulp Dried Dairy ewe Karagouniko

Hadjipanayiotou Barley straw/concentrate Olive cake Silage
Dairyewes& 
goats

Chios, Damascus

Molina-Alcaide et al 2010 Alfalfa hay/concentrate Olive cake Feed blocks Dairygoats Murciano-granadina

Nudda et al 2006 Alfalfa hay/concentrate Linseedcake Extruded Dairygoats AlpinexSarda

Razzaghi et al 2015 Alfalfa hay/concentrate
Pomegranate seed pulp, tomato 
pomace

Dairygoats Saanen

Romero-Huelva et al 2013 Alfalfa hay/concentrate
Tomato fruits, citrus pulp, brewer's 
grain and yeast

Dairygoats Murciano-granadina

Romero-Huelva et al 2013 Alfalfa hay/concentrate Tomato and cucumber fruit wastesFeed blocks Dairy goats Murciano-granadina

Romero-Huelva et al 2017 Alfalfa hay/concentrate
Tomato fruits, citrus pulp, brewer's 
grain and yeast

Dairy goats Murciano-granadina

Sedighi-Vesagh t al 2014 Alfalfa hay/concentrate Pistachioby-products Dairy goats Saanen

Volanis et al 2004 Oat hay/concentrate Orange fruit waste Silage Dairy ewe Sfakian

Ben Salem and Znaidi 2008 Wheat straw/concentrate Tomatopulp, olive cake Feed blocks Lambs Barbarine

Bueno et al 2002 Grass hay/concentrate Citrus pulp Kids Saanen

Caparra et al 2005 Oat hay/concentrate Citrus pulp Dried Lambs Merino

Denek and Can 2006 Wheat straw/wheat grain Tomatopomace Silage Rams Awassi

Eliyahu et al 2015 Wheat hay/concentrate
Pomegranatepulp, grape pulp, 
avocado pulp

Silage Lambs Assaf

Lanza et al 2001 Wheat straw/barley+maize Citrus pulp Lambs Barbaresca

Pirmohammadi et al 2006 Apple pomace Silage, dried Rams Gezel

Scerra et al 2001 Oat hay/concentrate Citrus pulp Silage Lambs Merinizzata



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measures: Alternative feed resources: 
Å Underutilized feedstuffs from agro-industry by-products
Å Olive cake
Å Citrus pulp
Å Tomato by-products
Å Other vegetables and fruits 



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measures: Alternative feed sources

Å Fodder trees (Acacia sp, carob tree)
Å Shrubs: Cactus cladodes, saltbush (atriplex)



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measures: Flexible grazing and alternative feeds: 
Å Integrated approaches:
Å soil and water protection (cover crops)
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Å different feeds aligned to different seasonal constraints 

(agro-forestry)



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measures: Flexible grazing and alternative feeds: 
Å Integrated approaches:
Å soil and water protection (cover crops)
Å different feeds aligned to different seasonal constraints 

(agro-forestry)
Å fire-risk protection (grazing management)



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measuresto cope with heat stress:
Prevention/mitigation of heat stress conditions
-Indoors:

-adequate stock density
-barn orientation and dimensions: east to west, width
-features in barns: ventilation, spraying, evaporative cooling

-Outdoors: 
-providing physical protection with trees or artificial shelter



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measuresto cope with heat stress:
ÅFeeding practices: 

-shifting meals to late afternoon or evening
-increasing number of meals

ÅNutritional management:
-low fibre diets (decrease forage:concentrate)
-high energy density (DMI reduction)
-supplements: fat-rich feeds, whole flaxseed (linseed), buffers



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measuresto cope with heat stress:
ÅAnimal breeding:
Åbreeds from tropical and arid areas, are more resilient due to 

their low body mass and metabolism, which allows them to 
minimise water and maintenance requirements

Åartificial selection to increase milk yield has been shown to 
reduce heat tolerance

Ågoats with loose skin, long legs, floppy ears tend to be most heat 
tolerant

ÅHair and fat-tailed sheep tend to tolerate heat better than 
wooledand thin-tailed sheep

ÅLight coloured reflect solar light, 
but less skin protection against solar radiation



Impacts of climate change on sheep and goat systems

E) Southern(Mediterranean) region
Adaptation measuresto cope with heat stress:
ÅReproduction techniques:
Åartificial insemination can reduce the infertility risks associated 

with heat stress in males
Å improved oestrus detection and fixed time AI can be used for 

overcoming the reduced expression of oestrus in heat stressed 
animals

Åoestrus induction techniques in non-cyclic animals, to increase 
fertility



Development of methods/models 
to predict impact of change 



Impacts of climate change on sheep and goat systems

Developmentof modelsto capture the impact of climate
changeon small ruminant systems:

Task 3.1
Literature review 
of CC and small 

ruminants 

Task 3.2
Meta-models for 

CC impact on 
pasture 

Task 3.3
Meta-models for 

CC impact at 
animal level 

Forage 
availability

Animal
performance

WP4 Task 4.3
Integrated in 
whole-farm 
model/run
scenarios

WP 5 - Strategies 
for adaptability 

and sustainability



Impacts of climate change on sheep and goat systems

Typesof models:
Å Mechanistic models (process-based): aim to describe 

mathematically the relationships between the variables and 
components of the system. Constrained by the level of 
understanding existent about the behaviour of the system

Å Empirical/statistical models (regression models): based on a 
hypothesized relationship between the variables in the data set, 
where the relationship seeks to best describe the data. Involves the 
use of extensive data records and measurements



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Regresionmodel

29 experiments

89 sites
All experiments lasted at least 

three years

Northern

Continental

Alpine

Southern

Atlantic

Permanent grassland

Temporary grassland



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Regresionmodel

Inputs:
ïMonthly mean temperature

ïMonthly total precipitation

ïAltitude

ïN fertiliser

ïMowing frequency

ïLegume content

Stepwise linear regression

Yield = h 0 + h 1(Region) + h2RJFM+ h 3RAMJ+ h 4RJA+ h 5TFM + h 6TAMJ
+ h 7TJA+ h 8RJFM

2 + h 9RAMJ
2 + h 10RJA

2 + h 11TJA
2 + h 12Altitude + 

1h3N_input + h 14Cuts + h 15Cuts2 + h 16N_input2 + h 17N_input*RJFM
+ h 18N_input*TJA



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Regresionmodel:Checking model fit on observed yield data

Permanent grasslands
Correlation: 0.77 ± 0.014

RMSE: 2.23 ± 0.03

Temporary grasslands
Correlation: 0.76 ± 0.006

RMSE: 2.75 ± 0.07

Predicting current yield



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Regresionmodel:Checking model fit on observed yield data

Predicting current protein content

Temporary grasslands
Correlation: 0.89 ± 0.005

RMSE: 64.9 ± 1.7

Permanent grasslands
Correlation: 0.80 ± 0.043

RMSE: 25.2 ± 4.7



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Mechanisticmodel: Century

Ecosystem analysis tool

Models C and N fluxes 
throughout plant-soil system

Monthly time-step

Site specific

Large number of inputs

Å Main inputs: monthly temperature and precipitation, soil 
properties, plant properties, CO2 change, management, site 
history



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Mechanisticmodel: Century

One site per region (two for 
Atlantic region)

All permanent grasslands 
(except one Atlantic site)



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Mechanisticmodel: Century

Observed Predicted

Fertilised, intensive grazing Unfertilised, moderate grazing

Southern France rangeland



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Predictingclimate changeimpact: TwoCC scenarios

Midrange 
scenario 
(RCP4.5)

Average annual predictions for 2081 - 2100, relative to 1986 - 2005

Extreme 
scenario 
(RCP8.5)

Temperature Precipitation



Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Predictingclimate changeimpact:
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Impacts of climate change on sheep and goat systems

Developmentof modelson pasture productivity and quality:
Predictingclimate changeimpact:
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* Significant change in yield between 1971-2000 and 2071-2100 (p<0.05)



Impacts of climate change on sheep and goat systems

Developmentof modelson animal performance:
Semi-mechanisticmodel:

Sejianet al., 2017



Impacts of climate change on sheep and goat systems

Developmentof modelson animal performance:
Wholefarm model:



Impacts of climate change on sheep and goat systems

Developmentof modelson animal performance:
Wholefarm model: Integrationof empiricalmodels



Impacts of climate change on sheep and goat systems

Developmentof modelson animal performance:
Wholefarm model: Integrationof semi-mechanisticmodel



Testing the modelling approach (lamb 
growth)

Å Breed: rasa Aragonesa
Å Location: Zaragoza (Spain) (June-July 2017)
Å Effect of heat on Lamb growth (born in May)
Å Period of study: from weaning (13.9 kg LW) 

to slaughter (22 kg LW)
Å Number of ewes: 550, 650 lambs sold/yr

(40% born in May)

GE DE ME

FEED % MJ/kg DMMJ/kg DM
MJ/kg 
DM

Barley 33.6% 18.4 14.8 12.4
Maize 27.3% 18.7 16.1 13.6
Soybean Meal 23.6% 19.7 18.2 13.6
Wheat 6.4% 18.2 15.6 13.1
straw 9.0% 18.2 8 6.5

Diet composition (wean to slaughter)



Effect of heat on Lamb growth & DM 
Intake
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