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Introduction 

 Climate change in grass-based systems 
 
 
 
 
 
 

 
 Aim: to explore the effects of climate change on beef 

cattle in grass-based systems in France 
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Crop growth 
models 

Thermoregulation 
models 

Presenter
Presentation Notes
Climate change affects livestock directly via increased temperature, which could result in increased levels of heat stress. Climate change affects livestock growth via growth of feed crops also. Effects of climate change are especially hard to assess for grazing systems, which are characterized by a close interaction between animals and grass. Many mechanistic crop growth models allow to simulate effects of climate change on crops. Temperature-humidity indices or mechanistic thermoregulation models allow to simulate whether heat stress occurs in livestock. Asessing the effect of climate change on grazing systems requires to incorporate effects of climate change on both the crop and the livestock component simultaneously. The aim of this research is, therefore, to explore the effects of climate change on beef cattle in grass-based systems.      



Materials and methods 

System characteristics  
 Location: Charolles, France 
 Breed: Charolais  
 Bulls, initial weight 315 kg 
 Period: Grazing season (March 25th-December 10th)  
 Continuous grazing 
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Presenter
Presentation Notes
The system in this modelling study were grass-based beef production systems in Charolles, a city in the Charolais Basin of France. Charolais bulls with an initial weight of 315 kg live weight were used in the simulations. The growth and beef production of the bulls was simulated for growing season in 7 years, from 1999 up to 2006. Simulations were done for reference climate conditions in the aforementioned years, and for representative concentration pathways (RCP) 2.6 in 2050 and for RCP 8.5. We assumed continuous grazing. RCP 2.6 indicates a scenario with least climate change, whereas RCP 8.5 indicates a scenario with most climate change.   



Materials and methods 

Scenarios for climate change:  

1. Reference climate (1999-2006)  

2. Smallest climate change in 2050  

3. Largest climate change in 2050  

Smallest and largest climate change for Charolles, with 
1999-2006 as a reference  
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Smallest CC Largest CC 
Temperature + 0.7 °C + 1.9 °C 
Annual rainfall - 4.5% - 7.1% 
CO2 concentration + 71 ppm  

(443 ppm) 
+ 168 ppm 
(541 ppm) 

Based on  Representative Concentration Pathways 2.6 and 8.5 

NASA (2016) and RCP database 2.0.5 (2016) 

Presenter
Presentation Notes
This table shows the changes in climate conditions in 2050 under RCP 2.6 and RCP 8.5 from several databases. Temperature increases 0.7 degrees under RCP 2.6 in Charolles, and 1.9 degrees under RCP 8.5. The decrease in annual rainfall is 4.5 and 7 percent. CO2 concentrations increase by 71 and 168 ppm, which results in CO2 concentrations over 440 and 540 ppm. These results are used as model input. 
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Presenter
Presentation Notes
To explore beef production under climate change, crop growth models and a cattle growth model were integrated. The model LiGAPS-Beef was used to simulate cattle growth and beef production. The model has a thermoregulation sub-model to simulate the effect of weather conditions on growth. The main inputs for LiGAPS-Beef are weather data, information on feed availability, and herd management. The model LINGRA (abbreviation for LINtul-GRAss) was used to simulate growth of grass. LINGRA requires weather data, information on irrigation, and crop management. Growth of wheat and grass for hay production were assumed to be independent of cattle growth. Under grazing, grass and cattle growth interact, and LiGAPS and LINGRA were connected to account for grass intake and trampling. Quality of grass was taken into account as well.

http://pngimg.com/upload/meat_PNG3942.png
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Presentation Notes
To explore beef production under climate change, crop growth models and a cattle growth model were integrated. The model LiGAPS-Beef was used to simulate cattle growth and beef production. The model has a thermoregulation sub-model to simulate the effect of weather conditions on growth. The main inputs for LiGAPS-Beef are weather data, information on feed availability, and herd management. The model LINGRA (abbreviation for LINtul-GRAss) was used to simulate growth of grass. LINGRA requires weather data, information on irrigation, and crop management. Growth of wheat and grass for hay production were assumed to be independent of cattle growth. Under grazing, grass and cattle growth interact, and LiGAPS and LINGRA were connected to account for grass intake and trampling. Quality of grass was taken into account as well.

http://pngimg.com/upload/meat_PNG3942.png


 

Charolais cattle 

(LiGAPS-Beef) 

Grass 

(LINGRA) 

Weather data 
CO2 concentration 
Continuous grazing 

 

Weather data 
Feeding strategy 
Stocking density 

  
grass 
intake 

Livestock production system 

Crop production system 

Crop-livestock production system 

trampling  

Materials and methods 

7 

Presenter
Presentation Notes
To explore beef production under climate change, crop growth models and a cattle growth model were integrated. The model LiGAPS-Beef was used to simulate cattle growth and beef production. The model has a thermoregulation sub-model to simulate the effect of weather conditions on growth. The main inputs for LiGAPS-Beef are weather data, information on feed availability, and herd management. The model LINGRA (abbreviation for LINtul-GRAss) was used to simulate growth of grass. LINGRA requires weather data, information on irrigation, and crop management. Growth of wheat and grass for hay production were assumed to be independent of cattle growth. Under grazing, grass and cattle growth interact, and LiGAPS and LINGRA were connected to account for grass intake and trampling. Quality of grass was taken into account as well.

http://pngimg.com/upload/meat_PNG3942.png


Materials and methods 

Model simulations: limited production  
● Rainfed, water-limited growth of grass 

● Feed-limited growth of cattle 

● Average optimum stocking density 

 
Literature: actual production 
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Presenter
Presentation Notes
Limited production reflects grass-based beef production under continuous grazing in the grazing season. Cattle growth is defined by the cattle breed and the climate, and feed quality or feed quantity can limit cattle production in grazing systems. Grass growth is defined by genotype and climate, and limited by water availability. Actual production of Charolais bulls, in practice, was estimated from the literature. Simulations are executed for the reference climate, and for both RCP’s.Actual grass-based beef production is the production that farmers obtain in practice. This actual production was obtained from literature. 



Results and discussion 
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452 kg beef ha-1 (limited) 

265 kg beef ha-1  
(actual) 

187 kg beef ha-1 (yield gap), 
41% of limited production 

Presenter
Presentation Notes
This graph shows stocking density in head per hectare versus the average beef production per hectare under limited production, for the reference years 1999-2006. Beef is defined as deboned carcass weight. The shape of the curve is similar to curves found in literature on livestock production and stocking density, for example the Jones-Sandland curves.  The maximum production at optimum stocking density is about 450 kg beef per hectare. Actual production estimated from literature is 265 kg beef per hectare. The production or yield gap between these levels is about 190 kg beef per hectare, which equals 41% of the limited production. This result suggests that there is scope to increase production, from a bio-physical perspective. 



Results and discussion 
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 Yield gap actual – limited  41% 
● Nutrients for grass growth neglected 
● Mortality, diseases and stress  
● Risk aversion? 

 

Presenter
Presentation Notes
The yield gap found was 41%. This gap can be explained by nutrient limitation in the grass. Nutrients such as nitrogen, phosphorus, or potassium may have limited grass growth, but they were not taken into account in the grass growth model LINGRA. The gap can also be explained by mortality, diseases and stress in livestock. These factors are not taken into account in LiGAPS-Beef.  Another issue is risk aversion. 



Results and discussion 
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Presenter
Presentation Notes
In the graph you can see that the standard error is smaller at 3 heads per hectare compared to 4 heads per hectare. Farmers may opt for a slightly lower production, but a more stable production level to avoid variation in beef production and associated risks. 



Results and discussion 
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 Yield gap actual – limited  41% 
● Nutrients for grass growth neglected 
● Mortality, diseases and stress in livestock 
● Risk aversion? 

 Yield gap mitigation: economically attractive and 
practically feasible? 
 

Presenter
Presentation Notes
Literature on yield gap mitigation indicates that minimum yield gaps are between 28-44% limited production. Further mitigation is not possible due to economic and practical constraints. So the further yield gap mitigation in this system may be possible from a bio-physical perspective, but it might not be economically attractive or practically feasible. 



Results & discussion 

Limited production, average over 7 years 
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Maximum prod. 

452 kg beef 

+ 5.5% 

+ 13.8% 

Presenter
Presentation Notes
Under RCP 2.6, the maximum beef production per hectare increases. The highest average beef production is simulated for RCP 8.5, which is 514 kg beef per hectare. Beef production increases by 5.5% in RCP 2.6 up to 13.8% in RCP 8.5. The average optimum stocking density increases with increasing climate change, from 4.3 in the reference, to 4.9 under RCP 8.5.      



Results & discussion 
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Limited production 
 
 

Weight gain: 1.25 kg LW day-1 

Presenter
Presentation Notes
The next graph shows the stocking density versus the average beef production per head. Again, the curve is quite similar to the corresponding Jones-Sandland curve. Maximum production per head is about 145 kg in the grazing period that takes 260 days. This corresponds to a maximum live weight gain of 1.25 kg per day at stocking densities of 2.5 head per hectare. Interestingly, beef production per head at low stocking densities is lowest under RCP 8.5. This could be explained by earlier heading of the grass under RCP 8.5 and a faster development, which generally results in a increase in fibrous components, and a decrease in ME content. The increasing trend in beef production per head at low stocking densities can be explained by a higher pasture biomass, and less regrowth at lower stocking densities. Increasing stocking density at low stocking densities may thus result in more regrowth and younger pasture, which increases pasture quality and beef production.      



Results & discussion 

Limited, and actual production 
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Ref. = Reference clim. 
SCC = Smallest clim. change 
LCC = Largest clim. change 

Presenter
Presentation Notes
The increased beef production under climate change can be due to an increase in cattle productivity, and due to an increase in grass intake. This graph shows feed conversion efficiency, grass intake, and metabolisable energy content for the three scenarios. The feed conversion efficiency is plotted on the left y-axis. The grass intake in t DM per hectare and the ME content in MJ per kg are plotted on the right y-axis. The grass intake increases relative to the reference climate, and with increasing climate change. So the main increase in beef production under climate change can be attributed to an increased grass intake per hectare. Although rainfall decreased, grass growth increased due to the increase in CO2 concentration, and maybe also the temperature increase in spring and autumn.  



Discussion 

 Production at animal level vs farm level 

Weather extremes 

 Model validation in grazing systems 

 Increasing actual production? 
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Presenter
Presentation Notes
There are three general issues to discuss. First, this research included only bull calves during the grazing period, which represent only a part of the full herd present at a farm. Next, climate change is projected to cause more extreme weather conditions, with increased occurrence of droughts on the one hand and heavy rainfall on the other hand. It would be interesting to see how our results are affected by a correction for extreme climate conditions. In addition, model validation is important. Both LiGAPS-Beef and LINGRA were individually validated, but the combined models should be validated too for different grass-based beef production systems. 



Conclusions 

 Integration of a grass and a cattle model allows to 
simulate beef production under climate change 
 Actual grass-based beef production can be increased 

from a bio-physical perspective (yield gap 41%). 
 Climate change increases limited beef production (5.5%-

13.8%) 
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Presenter
Presentation Notes
To conclude, we have seen that: (Additions to the conclusions)1. NA2. But intensification may not be feasible from an economic or a practical perspective 3. At optimum stocking densities, for young bulls , but the effect of climate change on actual production 



Thank you for 
your attention! 

Contact:  

aart.vanderlinden@wur.nl 

 

Additional information: 

Conference paper in 
Advances in Animal 
Biosciences 

 

 

Limited production (kg) 452          477         514 

Climate  
Reference  RCP 2.6 RCP 8.5 

Actual production (kg)   265 

+5.5% +13.8% 

41% 
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Websites climate change 

 NASA, Forcings in GISS Climate Model, 
http://data.giss.nasa.gov/modelforce/ghgases/  
 Representative Concentration Pathway database, version 

2.0.5, 
http://tntcat.iiasa.ac.at/RcpDb/dsd?Action=htmlpage&pa
ge=compare 
 GIS program, Climate Change Scenarios, 

https://gisclimatechange.ucar.edu/inspector 
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Additional data 

1999, Average daily gain (ADG) per head and per hectare 
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Additional data 

 Grazing season: 260 days 
 Days with reductions in feed intake due to heat stress: 

● Reference: 15.8 days (6.1%) 
● RCP 2.6: 17.8 days (6.8%) 
● RCP 8.5: 25.2 days (9.8%) 
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Additional data 

Example heat balance in the thermoregulation sub-model 
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