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Outputs
(forage yield, animal intake, milk production, soil water content, soil temperature,

gross primary productivity, ecosystem respiration, net ecosystem exchange, N2O

emissions, CH4 emissions, etc.)

Initial values

Parameters

Inputs
(climate, soil, management)

Pasture Simulation model

(PaSim)

Grassland modelling

Production 
Biophysics

Biogeochemistry
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The Pasture 

Simulation model
Mechanistic, biogeochemical model (Riedo

et al., 1998) - Time resolution: ~30 minutes

Simulation of fluxes of water, energy, C and

N at the soil-plant-animal atmosphere

interface

Simulation of permanent (cut / grazed)

grassland systems
Limitation of the models:

- Soil C pools averaged over the whole soil profile

- Homogeneous herds (type, age) of grazing animals

- No explicit representation of plant communities



𝑃𝑚𝑎𝑥 = 𝑃𝑚𝑎𝑥,20˙𝑓𝑇 ˙𝑃𝑚,𝐶𝑂2𝑇 ˙𝑃𝑚𝑁 ˙𝑃𝑚𝐶

(𝑃𝑚,𝐶𝑂2𝑇)

CO2-temperature 

interaction

Vcmax = maximum catalytic rate of the enzyme Rubisco

Amax = light-saturated photosynthetic rate

(functions of CO2 compensation point and CO2 concentration in the intercellular air

spaces)

𝑃𝑚,𝐶𝑂2𝑇 = 𝑉𝑐𝑚𝑎𝑥

𝐴𝑚𝑎𝑥

𝐴𝑚𝑎𝑥,350

𝑓𝑡 = (
𝑇 − 𝑇0

𝑇𝑜𝑝𝑡 − 𝑇0
)𝑞. (

𝑇0
′ − 𝑇

𝑇0
′ − 𝑇𝑜𝑝𝑡

)

(𝑃𝑚𝑁, 𝑃𝑚𝐶)

Functions of plant N 

and C concentrations

(Pmax,20)

Max photosynthesis

at 20 °C

(fT)

Temperature factor
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Leaf temperature (°C)
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Shift of optimum temperature over a broad range 

of temperatures

Response to growth temperature

5 °C 10 °C 20 °C 25 °C 30 °C 35 °C

Alfalfa (Mediterranean     vs temperate    cv.)

Homeostasis of maximum photosynthetic

rate over a limited range of temperatures



Growth temperature acts as a 

modifier of the response

curve of assimilation

Increase of optimum 

temperature with increasing

growth temperature

Yamori et al. (2014)

Acclimation of photosynthetic

response



Zaka et al. (2016)

PaSim - modified solution

~f (growth temperature)

𝑇𝑜𝑝𝑡 = 𝑎.𝑇𝑚,𝑑 + 𝑏

𝑓′𝑇 =  𝑠𝑖𝑛  𝜋  
𝑇 − 𝑇0
𝑇′0 − 𝑇0
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Modulation of maximum photosynthetic rate
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Observations Existing PaSim Modified PaSim

Yield biomass frequent cut

Manipulation of precipitation and

temperature

C C

CXCX

WDWD

WDXWDX

Observations Existing PaSim Modified PaSim

Yield biomassinfrequent cut

The hottest year in the series,

with 9.4 °C on average and

three days with maximum air

temperature >35 °C

Frequency of heat waves

Saint Genès-Champanelle

880 m a.s.l.

8.7 °C

780 mm



extensive grazing 10

Observational flux site Laqueuille

1040 m a.s.l.

8.0 °C

1000 mm

Frequency of heat waves
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Climate scenarios
(RCP8.5, 0.25°, 40 pixels, bias-

corrected, four models, three 20-

year time horizons)

Net ecosystem exchange

Animal intake of dry matter
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NEE (kg C m-2) Animal intake

(kg DM m-2)

Existing PaSim

Modified PaSim
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Deliberation

with

stakeholders

Diversity of stakeholders
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Scope of participation

Dialogue &

issues advisory

Independent (local) actors

(European Commission

Joint Research Centre and

Directorate for agriculture)

Strategic

collaboration

Institutional (specific) decision-makersConcerted network (FAO)

Issues

collaboration

DG AGRI - LUNCHTIME SESSION

September 20, 2016

Brussels, BELGIUM

Strategic advisory

& innovation

(European Commission

Directorates for climate,

environment, energy and

research)

Institutional (assorted) decision-makers
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