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Main objective of this session 

Examine the scope of new strategies, including land-based and management changes  
and innovations, for making sheep and goats production more sustainable,  
reducing its environmental impact and enhancing resilience to oncoming challenges (e.g. 
climate change).  
 



Where does the info in this session  
come from? 

Outputs from the different work packages of the ISAGE 
project and specific modelling exercises using national 
GHG inventories methodologies and the new farm model 
developed in ISAGE (SIMSSR) 



•What are the challenges?  

• The tool to analyse farm scenarios: SIMSSR 

•Climate change challenge (impacts and as 
GHG emitter) 

•Potential solutions (examples) 

Outline 



Challenges 



Weaknesses  

• Low promotion of local breeds 

• poor business management training 

• Low professionalization 

• Slow adoption of innovations 

• Low adaptability of high producing breeds. 

External threats  

• Low consumer education in product 

• Low consumer knowledge in products 

• Researchers not address real problems 

• Unfair trade, lack of traceability 

• Poor recognition of public services 

Most important challenges in European small 
ruminants sector 

Output from participatory process 
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Extra challenges in Mediterranean/European 
small ruminants sector: climate change 

But, also as driver of climate 
change 

Affected by climate change 



Challenges: climate change (GHG/mitigation)  

Latest IPCC-UN report on land 
claimed that reducing 
consumption of animal products 
are key to mitigate climate 
change   



Challenges: climate change (GHG/mitigation)  

CH4 

CH4 
Feed 

Feed 

N2O 

N2O 



Extra challenges in Mediterranean/European 
small ruminants sector: policies 

• Different policies affect/may affect in future 

• Agricultural policies, climate change (Paris Agreement) and 
environmental regulations 

• Policies need to be considered in integrated frameworks and not in 
isolation 



• Breeds: >25  
• Production systems (typologies) 
Intensivity 
Feeding 
Land use 
Climatic conditions 
Reproductive systems… 

Extra challenges in Mediterranean/European 
small ruminants sector: diversity of systems 



The tool 
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The tool to analyse farm scenarios: SIMSSR 
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 Simulates the effect of  management x genetics 

x soil x climate on 

 

 

 

 

 

 
Boundaries: Farm, includes pre-farm gate emissions 

Generic submodels 

Semi process-based 

Written in DELPHI  (PASCAL-based programming 

language) 

Main use: strategic run what-if scenarios (current, 

future) 

Generalised farm (typology, not real farm) 
 

Farm environmental performance 

(losses of N and C {and sinks of 

soil SOC}) 

Basic economics  

Other atributes of sustainability 

 

The tool to analyse farm scenarios: SIMSSR 
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Main components of a ruminant livestock system 

Source: del Prado et al. 2013 
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MJ simulated intake/day ewe 

Each flock is simulted (daily) feeding 
according to:  

• Management 

• availability of farm feed  

• weight/weight gain/loss  

• production level 

Feeding in SIMSSR 

5 Flocks : 3 ewe/doe, adult male, lambs/kids, Young (Non-kids/lambs) 



Kg DM simulated intake/day ewe for each type of feed 

Each flock is simulted (daily) feeding 
according to:  

• Management 

• availability of farm feed  

• weight/weight gain/loss  

• production level 

Feed allocation in SIMSSR : calendar  

Example for a dairy sheep  flock lambing in January 



Feed allocation in SIMSSR : calendar  

 Grazed forage: Grassland (lowland, upland, Mediterranean, 

highlands/mountain), grazed fallow, grazed crop residues 

 Home-grown forage for harvest: Grassland (silage/hay from lowland), forage 

maize, forage legume 

 Purchased forage: Any generic type (calculated from forage left required) 

 Home-grown grazed whole crops: depending on available has and yields 

 Home-grown grains for harvest: depending on available has and yields 

 Purchased concentrates: different types (calculated from energy required to 

meet energy demands) 

 



CH4 

How much do they excrete? (urine & faeces) 

How much do they eat or meat/milk produce? 
• Energy and nutrient requirements (e.g. protein) 
• Feed on offer (e.g. fiber, energy, protein) 
• Genetics 
• Structure of the herd 
 

CO2 

Feed allocation in SIMSSR : calendar  



 

N balance (simulated) at the Flock level 



 

N balance (simulated) at the Flock level 

For goats is based on: 
• 65 peer-reviewed studies on trials on energy and N 

balances (goats) 

• 18 different breeds 
 
• Different  feeding treatments, gender, lactating, other… 
• Dry matter intake: 0.93 (0.14-2.51) kg DM/day  
• Nitrogen intake: 25 (6.1-69) g N/day  
• Body weight: 40 (15-64) kg 
• Digestibility (DM): 68 (49-83) % 



N balance (simulated) at the Flock level 

Urine: faeces ratio 

Excreted N 



Feed allocation in SIMSSR : calendar  
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grazing 

• How much herbage is produced?  
• Digestibility, protein?  
• How much N fixation?  

http://bvetmed1.blogspot.com/2013/01/introduction-to-
livestock-production.html  

Feed production in SIMSSR 

http://bvetmed1.blogspot.com/2013/01/introduction-to-livestock-production.html
http://bvetmed1.blogspot.com/2013/01/introduction-to-livestock-production.html
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http://bvetmed1.blogspot.com/2013/01/introduction-to-livestock-production.html


Grass productivity depending on climate 



Default data for different breeds in SIMSSR 

Table 3. Inputs data for goat breeds. 
 

  Murciano-Granadina Florida Saanen Alpine Damascus Hair Goat 

(Anatolian Black) 

Country  Spain Spain France France Turkey Turkey 

Main production   Milk Milk Milk Milk Milk Meat 

Prolificity kids/birth 1.8 1.8 1.8 1.8 1.8 1.8 

Fertility % 90 90 90 93 89 93 

Birth/year nº/year 1 1 0.8 1 1 1 

Liveweight kg 50 60 75 65 60 72.5  

Milk production litres 530 575 920 933 540 98.38 

Milking  Days 250 247 300 310 270 183.43  

Fat % 5.6 4.8 3.68 3.8  3,98-5,21 

Protein % 3.6 3.4 3.36 3.4  3.76 

Age 1st lambing months  14 12 13 13 18 

milking  number 6 7 3.2 4 7 5 

Replacement rate % 20 20 30 25 25 20 

 

 

Table 1. Input data for dairy sheep breeds. 
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• Adult ewe/does 
• Adult male 
• Young animals (not lamb/kids) 
• Lamb/kids 



Default lactation curves in SIMSSR 

Figure 8. Lactation curve Wood function for Manchega 

 

Figure 9. Fat and Protein Curve for Manchega breed using Wood factors. 



How much excreta? 

How is it mixed & collected? 

How much and how is it stored? 

How much and how is applied? 

Is manure treated? 

Manure handling in SIMSSR 
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Climate change 
challenge  



Climate change dimenssions 

GHG CONCENTRATIONS 

CLIMATE CHANGE 

IMPACTS 

RESPONSES 

CLIMATE CHANGE 
MITIGATION 

CLIMATE CHANGE 
ADAPTATION 



Summary of impacts on feed-related issues  

For extensive/semi-extensive systems  
• reductions in available pasture for grazing, forage and cereal 

production (specially from rainfed systems) 
• more dependent on external feed (assuming that no extra, possible 

even fewer land will be spared for small ruminant productions)  
• Will public services be paid for? (market or subsidies)  
 
For intensive systems 
• feed prices (product prices too) will affect most the viability of the 

farms. 



FEED 
• Grazed marginal land (pastures) 
• Grazed rainfed alfalfa  
• Alfalfa hay (homegrown harvest or purchased) 
• Cereals (homegrown barley) 
• Barley straw (homegrown barley) 
• Concentrates Modelled with SIMSSR (Del Prado et al. 2019) 

• Breed: rasa Aragonesa 
• Meat production (lamb) 
• 1.5 births/year 
• Location: Zaragoza (Spain)  
• Number of ewes: 550 

Examples at farm level (meat sheep) 



Examples at farm level (meat sheep) 



Examples at farm level (meat sheep) 

We need to buy more forage and concentrates are required because of 
reduced yields due to climate change 



Examples at farm level (meat sheep) 
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Dairy sheep system in Greece 
(Chios breed) 
Reproductive system: 1 lambing 
per year 
300 ewes 
intensive 

Examples at farm level (dairy sheep) 

FEED 
• No grazing 
• Alfalfa hay from irrigated land 

(homegrown/bought) 

• Cereals (homegrown wheat) 

• Wheat straw (homegrown wheat) 
• Concentrates 

Modelled with SIMSSR (Del Prado et al. 2019) 



Examples at farm level (dairy sheep) 
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• No effect for 2021-2050 
• over 20% more feed per L produced after year 2050 is required 

Examples at farm level (dairy sheep) 



• Breeding (animal or plant) 
• More dense diets in heat stress conditions 
• Irrigate land 
• Spraying/shading 

 

Adaptations to climate change (examples) 



Greenhouse gases from 
small ruminants 

productions systems, small 
ruminants as a driver of 

climate change 
IPCC authors 



• Paris agreement: reductions in GHG emissions. Agriculture? 

 

• GHG Inventories will underpin countries INDCs (Paris 
agreement) and inform global progress towards -2ºC 

 

 

 

What is the role of small ruminants for reducing the 
effect of agricultural sector on climate change? 



Greenhouse gases-Importance of changes in IPCC National 
GHG Inventories and methodologies  

https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html  

From 2006  all national inventories have used this guideline (IPCC, 2006) 

From 2019 national inventories can use a new refinement guideline (IPCC, 2019) 

IPCC authors 

https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html


• Antropogenic emissions and sinks 
• National territory 
• Inventory year and temporal serie 
• Greenhouse gases (2006): CO2,  
 CH4, N2O, HFC, NF3, SF5CF3,  
 halogenous ethers and other  
 halocarbons not covered by 
 Montreal  
 Protocol 
• Other gases: Nox, NH3, COVDM, CO, 

SO2 

Each sector comprises individual categories (e.g. transport) and  
subcategories (e.g. automobiles). 
Countries develop the inventory at the level of subcategory 

What is a national GHG inventory? 



Some changes relevant  
for small ruminants 



Balances of energy at the animal level 

Intake (feed) 

urine 

faeces 

CH4 

heat 

Body 
retention 

4% (1%-8%) 

34% (17-64%) 

5.3% (1.2-10.3%) 

% relative to gross energy (GE) intake  



Methane outputs compared with IPCC (2006) 

CH4 

%CH4 from Gross energy intake 5.3% (1.2-10.3%) (goats) 
Ym=5.5% (goats) 

sheep 



Some changes 
relevant  
for small ruminants 



Estimation of GHG from small ruminants 

 0.6% 

 0.3% 

 1.6% 

 0.6% 

 0.5% 

 vs.1%  

(IPCC 2006) 

 vs.2%  

(IPCC 2006) 

 vs.1%  

(IPCC 2006) 

 0.2% 



-28% 

lower GHG emissions estimates compared with the estimate 
using the currently widely used IPCC (2006) 

Estimation of GHG from small ruminants in 
Europe 

-14% 



 

-28% 

lower GHG emissions estimates compared with the estimate 
using the currently widely used IPCC (2006) 

Estimation of GHG from small ruminants in 
Europe 



https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html  

GHG (direct) from sheep in the Mediterranean 
basin 

lower GHG emissions estimates compared with the estimate using 
the currently widely used IPCC (2006) 

Using 

-19% 

https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html


https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html  

GHG (direct) from goats in the Mediterranean 
basin 

lower GHG emissions estimates compared with the estimate using 
the currently widely used IPCC (2006) 

Using 

-32% 

https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html


GHG from sheep and goats in the Mediterranean 
basin 
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How can small ruminants contribute 
to mitigation/adaptation of climate 
change and increase sustainability? 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

Do emissions drop by reducing sheep grazing in marginal land? 

Example: meat sheep  
rasa-aragonesa in Spain 



Animal 
product 

Emissions=  

69 

Emissions 

Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

 

Efficiency 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

Do emissions drop by reducing sheep grazing in marginal land? 

CO2 NH3 
leaching 
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Non-useful outputs 

Land (ha) 
Emissions=  

73 

Emissions 

Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

Efficiency 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

What are the environmental impact expressed per ha? 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

What is the efficiency (feed conversion ratio) or quality of land required to produce 

animal product?  

 
Kg DM feed 

Meat  
FCR=  

Efficiency 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

Reducing grazing requires a shift from using marginal land 

(not suitable for other agricultural purposes except forest) 

to using more arable land (land suitable to grow crops that 

can be directly consumed by humans) 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

What is the surface used of non-competitive (good/arable) land?  

0,0

2,0

4,0

6,0

8,0

10,0

12,0

14,0

Baseline Reducing grazing

H
A

 O
F 

A
R

A
B

LE
 L

A
N

D
 

arable land required  

ha arable land (on-farm) ha arable land (off-farm)



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

What is the efficiency (feed conversion ratio) or quality of land required to produce 

animal product?  

 
M2 (Good land)  

Meat  
Land impact=  

Efficiency 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

How much arable land would it be required to produce meat at different 

grazing level? 



Non-useful outputs 

Good Land (ha) 
Emissions=  

80 

Emissions 

Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

Efficiency 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

What are the environmental impact expressed per ha of non-competitive 

land? 



Reducing grazing in marginal land (for extensive 
systems), good for the environment? 

What are the environmental impact expressed per ha of non-competitive 

land? 

Metrics with  
All land 

Metrics with  
Non-comp land 



Improving feed sources and use of alternative feed 
sources for both intensive and extensive systems 

Improving feed quality can be achieved through: 

•  improved grassland management 

• improved pasture species (e.g. grass and 

legumes mix), forage mix 

• feed processing (e.g. chopping, urea treatment)  

• strategic use of supplements, preferably locally 

available (FAO). 



Improving feed sources (legumes) 

Legumes and diverse forage mixes 



 

Improving feed sources (legumes) 



Improving feed sources and use of alternative feed 
sources for both intensive and extensive systems 



Improving feed sources and use of alternative feed 
sources for both intensive and extensive systems 



Improving feed sources and use of alternative feed 
sources for both intensive and extensive systems 

Studies with alternative feed  
sources tested in small ruminants 



Improving feed sources and use of alternative feed 
sources for both intensive and extensive systems 

Replace of conventional forage with food by-products 

• Are these feed byproducts nutritionally good? 
(i) leaves and olive cake from olive oil extraction 

process (OS)  
(ii) tomato fruit waste (TS) from horticulture.  
 
• If so GHG emissions? Compared with alternative 

uses: compost and biogas 

Goat system (murciano-Granadina breed)  

 Alternative feed as adaptation 
Pardo et al. (2016) 



Improving feed sources and use of alternative feed 
sources for both intensive and extensive systems 

Replace of conventional forage with food by-products 

Pardo et al. (2016) 



Improving feed sources and use of alternative feed 
sources for both intensive and extensive systems 

Replace of conventional forage with food by-products 

• Goat system (murciano-Granadina breed)  

 

 



Improving feed sources and use of alternative feed 
sources for both intensive and extensive systems 

New dietary strategies tested achieve GHG reductions (~12–19% per kg milk). 

Use of agri-food by-products for feeding is the best option for GHG mitigation in this case, vs alternative uses: bioenergy 
or soil amendment.  

Other implications and trade-offs from non-GHG impacts must be considered (e.g. soil quality) which may play an 
important role in the Mediterranean context.  

• From compost (A) to feed   
• From biogas production (B) to 

feed 



More adapted/resilient animal breeds and 
grass/pasture breed 

The greatest emphasis should be on targeting traits that can have 

synergistic effects with more than one stressors for animals (e.g. 

animals with enhanced productivity and fertility regardless of climate) 

and plants (e.g. grasses that can both tolerate drought and flooding).    



More adapted/resilient animal breeds and 
grass/pasture breed 

Breeding strategies includes animals that increase animal thermo-tolerance and systems that 
shift to breeds more adapted to changing environments  

Dairy sheep system in Greece (Chios 
breed) 

ANIMAL TRAITS 

• Enhanced thermotolerance (HT-Breed)  
 

• Enhanced fertility (Fert-Beed) 



More adapted/resilient animal breeds and 
grass/pasture breed 

ANIMAL TRAITS 

• Enhanced thermotolerance (HT-Breed)  
 

• Enhanced fertility (Fert-Beed) 
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Innovations-Eskardillo 
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Innovations-Eskardillo 



Innovations-ROA 



Innovations-ROA 

FEED 
• Grazed mountain pastures 
• Grazed rainfed alfalfa  
• Alfalfa hay 
• Cereals (homegrown barley) 
• Barley straw (homegrown barley) 
• Concentrates Modelled with SIMSSR (Del Prado et al. 2019) 

• Breed: rasa Aragonesa 
• Meat production (lamb) 
• Location: Zaragoza (Spain)  
• Number of ewes: 550 
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Innovations-ROA 
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Thanks 
 شكرا 

 

Merci 
 


