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Earth system analysis through 
interdisciplinary researchinterdisciplinary research

- to better understand and model the 
interactions:interactions:
climate-biosphere-economy-society

- to determine, within a global change , g g
context:
vulnerabilities, mitigation & adaptation 
strategies  



Climate impact on agricultural production

Food security depends not only on climate (also on policies, 
gouvernance, life style (diet), poverty, population pressure, etc) …

… but an appropriate climate is, with soil, a fundamental requirement 
for growing crops, grass, fruits, i.e. our food.
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too  
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- How climate change impact crop production 

- How is that represented within global crop model - uncertainties

P bl f f t f d it- Problems for future food security 

- How alternative farming systems may respond differently & increase 
food security.  y



Climate change

- CO2 is increasing

h i O i i i- tropospheric O3 is increasing

- N deposition

T t i i i ( i ht T i i th d il T)- Temperate is increasing (night T increasing more than daily T)

- Precipitation pattern is changing 

increase frequency of extreme events (flood drought heat wave )- increase frequency of extreme events (flood, drought, heat wave, …)  

- if aerosol pollution, solar radiation is decreasing



The direct CO2 effects upon plants
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=> CO2 fertilization effect

Th d bl ff t f O i Quantification highly debatedThe damageable effect of O3 is 
reduced under high CO2

Quantification highly debated

Trade-offs (N content)



Temperature increase is good and bad

- allows increase of the growing season length in the actuallyallows increase of the growing season length in the actually 
temperature limited regions 

- may allow more double cropping  

- may favour a switch from summer wheat to winter wheat

- may reach temperature domain outside of the optimum for 
photosynthesisphotosynthesis

- increases the respiration cost (less net primary production)

accelerates the phenological development: a specific cultivar has- accelerates the phenological development: a specific cultivar has 
less time to accumulate net primary production 

- increases the evapotranspiration demand 

- may damage crops (animals) 

- increases the incidence of pest



Precipitation Fluctuations

2009: the worse monsoon since 
30 years:30 years:

- No rice export (apart Basmati)

- Farmers got advices to plant g p
other crops requiring less water 
(pulses, legumes, etc)

(from Webster et al. 1998)



Modelling future crop production ?Modelling future crop production ?

Modelling food security ??Modelling food security ??



Climate

Different GHGs emission 
scenarios

+

Different climate models 
(GCMs)

=> A large range of 
predicted future climates

Changes in annual 
precipitation [mm] and in

predicted future climates 

precipitation [mm] and in 
annual mean surface air 
temperature [◦C], 2071–
2100 vs 1971 20002100 vs. 1971–2000.
Business as usual scenario 
IS92a
(Schaphoff et al 2006)(Schaphoff et al. 2006)



Seasonal Climate

(Badeck, 2009)



Impact on agriculture
crops + grassland responses ?crops + grassland responses ?

- statistical models
- crop process-based models



Imputs:

Soil
Crop models

Sowing date estimation:
for 4 temperate CFTs = f(T), 
for 4 tropical CFTs = f(P)

Daily coupled growth and 
development simulation:
Phenology, LAI change, 

Soil

Monthly climate:

Temperature for 4 tropical CFTs  f(P)
Adaptation of heat sum and 
vernalization requirement

gy, g ,
carbon allocation to leaves, 
roots, storage organs, ... 
Estimation of the harvesting 
period

Temperature

Precipitation

Solar radiation

LAI, ~ 6

period
Winter 
wheat

Solar radiation

Management

Oct Jul
Total biomass, ~ 15 tDM/ha
Grain harvested ~ 6 tDM/haGrain harvested, ~ 6 tDM/haFor grasses, several 

cuts (f(LAI)), or 
regular grazing

Deforestation

No water stress for 
irrigated crops, 
computation of the 

Harvested biomass 
removed, residues 
added to the litter 

Multiple 
cropping 
(e.g. rice)

Afforestation

water requirement 
and of irrigation

pool or removed 
(fodder, biofuel, ...)

Grass as 
intercrop



LPJmL dynamic vegetation 
and water balance model

Harvest9 natural plant functional types
(PFTs)

AgronomyAgronomy

LPJ Grazing land

12 rainfed and irrigated
crop functional types

(CFTs)

Seasonality Allocation Dynamics Fire
Structure

C H 0 exchange

(CFTs)

Seasonality Allocation Dynamics Fire C, H20 exchange
AET

Ci

Sitch et al 2003; Gerten et al. 2004; Bondeau et al. 2007



Sustainability: Alternatives to industrial agriculture?

The 'Western', technocratic view

 Macro-irrigation
 Fertiliser
 Breeding
 Genetic engineer.

t

Macro irrigation
 Large dams
 River diversions
 etc.

 etc.

Agroecologic systems 

/ organic agriculture"Soft" water management



Yields validations

(Christoph Müller)



Change in relative calorie production under climate 
change
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Future water avalability?

Water availability is projected to change dramatically by the middle of the 21st 
century in many parts of the world 

(World Development Report 2009)



Virtual Water Content - water required per Kg grain: 
Changes under future climate and [CO2] ?g [ 2]

Fader et al. “Virtual water content of temperate cereals and maize: Present and 
potential future patterns” (Journal of Hydrology 2010)potential future patterns  (Journal of Hydrology 2010)

VWC change from 1971–2000 to 2041–2070 under HadCM3/A2



"Soft" paths to counter crop water limitation

Current NPP water limitation

Percent increase in NPP

Current NPP water limitation

25% of rainfall harvested for irrigation

(Rost et al. 2009) 25% of soil evaporation reduced



Increase of crop production through water 
managementg

Percent increase in NPP of cropland
under diverse water management scenarios

30
% increase in 
global crop production

under diverse water management scenarios

25
Present + E ti + Rainwater

20
Present
Irrigation

+ Evaporation
Reduction

+ Rainwater
Harvesting

15 Likely potential:

~15% rise of global crop yield

10

0

5

0
IPOT vs10 vs25 vs50 vs85 rh10 rh25 rh50 rh85

Reduction by x % Harvesting of x % (Rost et al. 2009)



Will there be enough water for global food 
production?p

Optimised virtual water trade +
Cropland expansion required?!

R i f d l dRainfed cropland

Irrigated cropland

Assumptions: 1300 km3 yr-1 of water required for 3000 kcal cap-1;
li t h 9 billi l i 2050no climate change; 9 billion people in 2050s

(after SIWI 2005)



System of Rice Intensification

SRI : methodology for increasing the productivity of 
irrigated rice cultivation by changing the  management of 
plants, soil, water and nutrients. 

Originated: early 1980s, Fr. Henri de Laulanié (more 
than 34 years in Madagascar working with farmers)

SRI practices lead to healthier more productive soil andSRI practices lead to healthier, more productive soil and 
plants by supporting greater root growth and by nurturing 
the abundance and diversity of soil organisms.

S d t t b 80 90%- Seed costs are cut by 80-90%

- Water savings of 25 to 50%

- Rice plants better able to resist damage from pests and- Rice plants better able to resist damage from pests and 
diseases, reducing or eliminating need for agrochemical 
protection.

Organic materials (compost manure or any- Organic materials (compost, manure or any 
decomposed vegetation) can give good or even better 
results than fertilizers at low cost 

Yi ld i (50 100%)- Yields increase (50-100%)

- SRI does require skillful management, and initially 
more labor. 



System of Rice Intensification

WWF 2007, Experience of SRI in Tripura, India



SRI methods: success after the Tsunami

(French red cross press release „Tsunami 3 years later“ December 2007)

With the use of exclusively agroecological 
methods and important labor:

In one year: higher yields than before and 
YouTube video: „800 familles pour une rizière“ 

http://asie.croix-rouge.fr/article.php3?id_article=249

y g y
than in the conventional fields of 
neighboring villages not part of the project.  



SRI & climate fluctuations

- more stable yields

 less vulnerability to bad monsoons (The Hindu, 2009)

 extension supported by the World Bank



November 2009



…
From the literature review we conclude thatFrom the literature review, we conclude that 
organic yields per harvest event (i.e. the yield of 
a wheat field harvested once) are only slightly 
(approximately 10%) lower than those of 
industrialised agriculture (see also IAASTD, 
2009). However, organic agriculture requires 
additional area for planting of leguminous crops 
and other intercrops that are required toand other intercrops that are required to 
maintain soil fertility; most of these crops have 
to be ploughed into the soil and are not, or only 
to a limited extent, available as feed. We 

i h i ld i i i lestimate that yields in organic agriculture 
are about 40% lower than those of 
industrialised agriculture, if calculated over 
the whole crop rotation cycle. Thisthe whole crop rotation cycle. This 
comparison is only valid for regions with highly 
intensive cropland systems. In developing 
countries, we conclude from our review of 
th lit t th t i i lt ldthe literature that organic agriculture could 
allow for considerable increases in yields, 
because the nutrient status of croplands is often 
very poor and can be improved significantly withvery poor and can be improved significantly with
organic techniques. 
…

Biomass-balance model





Diet

Conclusion: Our findings strongly underline the view that the share of 
animal products in human diets has a strong effect on environmentalanimal products in human diets has a strong effect on environmental 
impact, the possibility to produce animal products humanely or through 
organic livestock rearing.

Recommendation: Any effective measures to reduce the level of 
consumption of animal products (including those derived from eggs and 
milk) are beneficial in terms of environmental impacts animal welfaremilk) are beneficial in terms of environmental impacts, animal welfare, 
biodiversity, and bioenergy potential.



Organic Agriculture

Conclusion: We provide evidence that organic agriculture can probably feed a world 
population of 9.2 billion in 2050, if relatively modest diets are adopted, where a low 
l l f i lit i f d di t ib ti i i d i d t id l t iti Thilevel of inequality in food distribution is required in order to avoid malnutrition. This 
conclusion is based on the best currently available data on system-wide yield levels of 
organic cropland agriculture as compared to intensive crop production systems. If 
agricultural research were to succeed in developing higher-yielding variants of organicagricultural research were to succeed in developing higher yielding variants of organic 
agriculture, richer diets based on organic agriculture could be achieved. Judging to 
what extent this is feasible is beyond the scope of this study. We clearly show that the 
extent to which foreseen diet trajectories have to be modified towards less rich diets 
t l d d th bilit t h hi h i ld i i i t ll lstrongly depends on the ability to reach higher yields in organic or environmentally less 

demanding agriculture. 

Recommendation: We therefore recommend to direct research and technicalRecommendation: We therefore recommend to direct research and technical 
development towards agricultural practices that follow organic standards or are 
otherwise environmentally less destructive and are nevertheless able to achieve high 
yield levels.



Humane and environmentally friendly farming

Conclusion: We provide strong evidence that neither humane livestock rearing systemsConclusion: We provide strong evidence that neither humane livestock rearing systems 
nor environmental objectives in cropland farming should be discarded based on claims that 
these practices would jeopardize food security. To the contrary, we did not find a strong 
effect on the feasibility of scenarios of feeding efficiencies and the additional area demand 
f f t f t i i i t d ith h iof free-range systems for monogastric species associated with humane or even organic 

livestock rearing standards. While a transition to wholly organic cropland agriculture (100% 
of the area planted according to organic standards) seems to be challenging in terms of the 
changes in diets and the need for an equitable distribution of food in such a scenario, wechanges in diets and the need for an equitable distribution of food in such a scenario, we 
find that even the intermediate yield scenario (that might, for example, be achieved by 
organic agriculture on 50% of the area, if the other 50% were as intensively cultivated as 
foreseen by the FAO) would be able to deliver a ‘current trend’ diet in 2050.

Recommendation: We therefore recommend a continuation of support for organic and 
other environmentally benign agricultural management practices, while at the same time 
trying to optimize yields and efficiencies without adopting unsustainable or inhumane y g o op e y e ds a d e c e c es ou adop g u sus a ab e o u a e
technologies and practices. Our calculations suggest that there is no need to boost yields 
and efficiencies regardless of the costs in terms of environmental pressures and animal 
welfare


