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Two Goals of Our Time 

1. Achieving Food Security 

–800 million chronically undernourished 

–Food production to increase 50-70% by 2050 

–Adaptation to climate change is critical 

2. Avoiding Dangerous Climate Change 

- The ’ 2°C railguard ’ requires major emission cuts 

- Agriculture and land use contribute to 24% of GHG emissions... 

  ...and need to be part of the solution 

 



IPCC AR5 Synthesis Report 

GHG emissions growth between 2000 and 2010 has been 
larger than in the previous three decades 

AR5 WGIII SPM 



A contrasted future depending  
on global GHG emissions 



Observed Emissions and Emissions Scenarios 

Emissions are on track for 3.2–5.4ºC “likely” increase in temperature above pre-industrial 
Large and sustained mitigation is required to keep below 2ºC 

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown 
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014 

Data: CDIAC/GCP/IPCC/Fuss et al 2014 

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/
http://www.globalcarbonproject.org/carbonbudget/


Probability of exceeding 4°C 

(David King, CFCC15) 



A large gap in emissions 
reduction by 2030 for 2°C 

• By 2030, a gap of 12 Gt CO2e with NDCs 
prevents reaching the targeted +2℃ 
global warming target 

• 129 countries include the AFOLU 
(agriculture, forestry and land use) 
sector in their Nationally Determined 
Contributions 

– At least 25% of total committed GHG 
mitigation 
[as estimated by the International Institute for Applied 
Systems Analysis, IIASA] 
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Emissions intensity of AFOLU products is declining as agriculture and 
forestry become more efficient 

• Note that ruminant meat has a GHG intensity much higher than other 
agricultural products 

• But also note that these are direct emissions only. If we include the emissions 
from the human-edible feed for mono-gastric animal products, they move 
closer to ruminant meat 

  IPCC WGIII AR5 



What is the potential of the mitigation options for reducing GHG 
emissions in the AFOLU Sector? 
 

• Global economic mitigation potentials in agriculture in 2050 are estimated to be 
0.5─10.6 GtCO2eq/yr. (current global emissions reach 49 GtCO2eq/yr) 

• Reducing food losses & waste: GHG emission savings of 0.6─6.0 GtCO2eq/yr. 
• Changes in diet: GHG emission savings of 0.7─7.3 GtCO2eq/yr. 
• Forestry mitigation options are estimated to contribute 0.2─13.8 GtCO2/yr. 

  IPCC WGIII AR5 



(IPCC, WGIII, 2014) 

Land resources and the global food system 



(Gerber et al.) 



Index of Behavioural  
Barriers (IBB) 

    
 

 
 

  
  

 
  

 
 

  
  

  
 

 

 
 

            
 

    
 

 
 

  
  

 
  

 
 

  
  

  
 

 

 
 

            
 

    
 

 
 

  
  

 
  

 
 

  
  

  
 

 

 
 

            
 

    
 

 
 

  
  

 
  

 
 

  
  

  
 

 

 
 

            
 

    
 

 
 

  
  

 
  

 
 

  
  

  
 

 

 
 

            
 

    
 

 
 

  
  

 
  

 
 

  
  

  
 

 

 
 

            
 

    
 

 
 

  
  

 
  

 
 

  
  

  
 

 

 
 

            
 

Barriers  reflecting personal beliefs, 
more complicated to overcome

Barriers  reflecting limitations in knowledge, 
less complicated to overcome

Scepticism Lack of 
concern

Fatalism and 
helplessness

Externalising 
responsibility

Blaming a lack 
of adequate 

policy

Reluctance 
to change

Lack of 
knowledge 
to change

Low IBB: low uptake of M & A strategies 
 

 

                  

 

       
  

  

  

  

  

  

  

  

  

  

 

   Low IBB High IBB 

 
  Data unavailable  

     

Behavioural barriers 
in Eastern Kenya 



Without dedicated measures, agricultural GHG 
mitigation in Europe is not cost competitive 

(Jayet, De Cara, in press) 

EU-28, 2010 : 
Not including dedicated 
CH4 and N2O abatement  
options and 
soil carbon 

Same conclusion with JRC 2015 (ECAMPA2) study:  



Coût (en euros par tonne de CO2e évité) et potentiel d'atténuation annuel en 2030 à l’échelle du 
territoire métropolitain (en Mt de CO2e évité) des actions instruites.  

* * * * * * * * 

* * * 

Of total mitigation potential: 
synergy with adaptation (*): 59%  

With dedicated options,  
agricultural mitigation could become cost competitive 
and synergistic with adaptation 



At global scale, without soil carbon sequestration,  
it is not possible to reach the global target for agricultural 
mitigation by 2030 

Only 21 to 40 % 
of the target 

(Wollenberg et al., 2016, GCB) 

N2O and 
CH4 mitigation 



Without changes in production systems, what would be the 
consequences of a homogeneous carbon tax? 

(Frank et al., in revision, ERL) 



A negative trade-off between agricultural GHG (CH4, N2O) 
mitigation and food security by 2050 

(Frank et al., ERL, in revision) 

2°C target 

1.5°C target 



Why Soil Carbon? 
Co-benefits for adaptation, land degradation 
neutrality and food security 

1.4 billion metric tons carbon could be stored annually in agricultural soils, 
equivalent to a storage rate of 0.48%/year in top soil [after IPCC, 2007, 2014].  
⇒ 4 per mil (0.4%) target 
⇒ Cost competitive at 100 US$ per ton CO2 

 

Half of the agricultural soils are estimated to be degraded [FAO, 2006]  
The annual cost of fertilizer to replace nutrients lost to erosion is US $ 110 – US $ 200 
billion (ITPS, 2016).  

24-40 million metric tons additional grains per ton C stored in soils OM in 
developing countries [Lal , 2006] 

Reduced yield variability after soil restoration leading to increased soil organic 
matter [Pan et al. , 2009] 
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With soil carbon sequestration, food security is not 
threathened, even for a 1.5°C global warming target 

(Frank et al., ERL, in revision) 

SOC, soil organic C sequestration; SOC+, including its benefits for yields 



Limits and co-benefits of soil carbon 
sequestration 

 Co-benefits with food security (lower mitigation costs) and climate 
change adaptation (water infiltration and retention), 

 SOC will increase only over a finite period (30-50 yrs locally), up to 
the point when a new SOC equilibrium is approached, 

 The additional SOC stock will need to be monitored and improved 
practices will need to be maintained over several decades,  

 Soil phosphorus (P) and nitrogen (N) should be available (root 
symbioses could help), 

 Soil and water management need to be combined, especially in dry 
regions. 



What is « The 4 per 1000 initiative :  
Soils for food security and 
climate  » ? 
 

=> A multi-stakeholder Initiative launched by France at COP21 
with the support of FAO 
⇒One of the 6 initiatives of the Agriculture focus of the Lima 

– Paris Action Agenda (LPAA) 
⇒ 1 objective: increase soil fertility thanks to carbon 

sequestration in soils 
=> 3 major outcomes:  
- Improve food security 
- Adapt agriculture to climate change 
- Mitigate GHG emissions 
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Concluding comments 

Climate smart agriculture, combining mitigation of and resilience 
to climate change, is urgently needed in Europe and elsewhere. 
 
Dedicated policies are required. Support from carbon markets will 
help transitions to happen. 
 
LULUCF (e.g. agricultural soil carbon sequestration) will contribute 
to flexibility for European agricultural GHG mitigation. 
 
Negative emissions will be required after 2050 and this can only 
be obtained by combining LULUCF (e.g. soil carbon sequestration) 
and non-CO2 mitigation (N2O and CH4) 
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