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Greenhouse gas emissions from agricultural soils 

•  Global C pools and fluxes 

•  Sectorial emissions 

•  Quantification of GHG emissions 

•  Sensitivity of GHG fluxes to changing environment and
 management 

•  Different mitigation options in the agricultural sector 
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Global C pools and fluxes 
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(www.globalcarbonproject.org) 
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Understanding the global C balance 
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(www.globalcarbonproject.org) 

0.9±0.7 PgC y-1 

+ 
9.1±0.5 PgC y-1 

2.6±1.0 PgC y-1 

26% 
      

all other flux components 

5.0±0.2 PgC y-1 

50% 

24% 
2.4±0.5 PgC y-1 

Average of 5 models 

As residual 

Update: Global C budget in 2010 
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(Peters et al. 2011) 

Fast “recovery” after last financial crisis 
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B Y  N A T A S H A  G I L B E R T

Delegates meeting this month in  
Durban, South Africa, to assess inter-
national progress on tackling climate 

change need to look beyond smoke stacks and 
car exhausts to a neglected source of emissions 
— agriculture.

That’s the message from an international 
group of leading agricultural and climate sci-
entists in a report published on 16 November. 
They say that agriculture is the “single largest 
contributor to greenhouse-gas pollution on 
the planet”, through routes such as deforesta-
tion, rice growing and animal husbandry (see 
‘Farming footprint’). Emissions include nitrous 
oxide from fertilizer and methane from live-
stock, as well as carbon dioxide. With global 
food demand projected to double by 2050, agri-
culture’s emissions will grow — unless farming 
can become dramatically more efficient. Agri-
culture is a “poor relation” in negotiations on 
strategies to mitigate climate change, says John 
Beddington, Britain’s chief scientific adviser and 
chair of the Commission on Sustainable Agri-
culture and Climate Change, an initiative of 
the Consultative Group on International Agri-
cultural Research in Washington DC, which  
produced the report. 

The United Nations Framework Convention 
on Climate Change (UNFCCC), sponsor of the 
Durban meeting, has no specific provisions for 
addressing agricultural greenhouse-gas emis-
sions. The scientists recommend that parties 
to the UNFCCC establish a programme to 
develop a global sustainable agriculture strat-
egy, and argue that the problem deserves a 
larger share of international climate-change 
mitigation funding. 

“Everyone is hoping that UNFCCC will 
agree to establish the agricultural work pro-
gramme in Durban. If it doesn’t happen we will 
be in a much worse position,” says Tim Ben-
ton, a sustainable-agriculture researcher at the  
University of Leeds, UK.

One author of the report, Tekalign Mamo, 
Ethiopia’s minister of 
state for agriculture and 
rural development, told 
Nature that policy-mak-
ers at Durban should 
take examples of good 

agricultural practice and replicate their success 
internationally. A successful programme in 
Ethiopia, for example, has given cash and food 
to poor households in exchange for labour on 
projects to improve soil quality, water supplies 
and infrastructure.

The report also praises Australia’s Carbon 
Farming Initiative — the world’s first national 
legislation aimed at reducing carbon emissions 
from farming and forestry, which was enacted 
in August. The law allows farmers and investors 
to generate and trade carbon credits from farm-
ing and forestry projects, and could serve as a 
model for similar projects in other countries. 

Reducing waste is a key goal: one-third of 
the food produced for human consumption is 
lost to inefficiencies in production, storage and 
transport, the report says. 

Benton believes that the “intellectual weight” 
of the report’s authors will help it to influence 
policy-makers. As well as Beddington and 
Mamo, they include Carlos Nobre, a climate 
scientist at Brazil’s National Institute for Space 
Research in São Paulo, and Marion Guillou, 
president of the French National Institute for 
Agriculture in Paris. 

Camilla Toulmin, director of the Interna-
tional Institute for the Environment and Devel-
opment in London, hopes Benton is right. But 
she worries that the prospects for decisive action 
at Durban are poor, because governments are 
“distracted by the economic crisis”. !

F O O D  S E C U R I T Y

Summit urged to 
clean up farming 
Leading scientists say that agriculture is a ‘poor relation’ in 
global-warming negotiations. 

 NATURE.COM
Can science  
feed the world?  
For more see:
www.nature.com/food

FARMING FOOTPRINT
Greenhouse-gas emissions from forestry are largely 
caused by creating new farmland. When added to 
emissions directly from agriculture, farming is the 
largest source of man-made greenhouse gases.
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*49 gigatonnes of carbon-dioxide equivalent per year; 2004 data
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Sectorial GHG emissions 
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! 6.6 Gt CO2eq/a 

– OR – 

31.1% Agriculture 

! 15.2 Gt CO2eq/a 

? 

(data from 2004) 



 

Sectorial GHG emissions: Agriculture 
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Biosphere–atmosphere gas exchange 
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FCO2 

R A 

Früebüel, CH 

R = Respiration 

A = Assimilation, photosynthesis 

C sink: Assimilation >> Respiration 
C source: Respiration >> Assimilation 

= Net ecosystem exchange NEE 

Another approach: Land-based measurements 

eugsterw
Line

eugsterw
Line



Measurements of net CO2 exchange 
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Früebüel, CH 

Measurements of  

•  Radiation, 
•  Temperature, humidity, 

•  CO2, H2O concentrations, 
•  Wind direction, 

•  Wind velocity, 

•  …  

"  Calculation of CO2 flux: 

  

 

FCO2 =Vmol w'c '

Eddy Covariance method: 



Measurements of net CO2 exchange 

CaLas – FiBL, December 15, 2011  Eugster & Buchmann 

Chamau, CH 

FCO2 

R A 

•  Continuous measurements 
(24 h/day, 365 days/year, 
multiple years) 

•  Spatial integration 
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Swiss Fluxnet 
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Respiration dominates  

= C loss to the atmosphere = source 

Assimilation dominates =  

C uptake from the atmosphere = sink 
(see also Dietiker et al. 2010) 

Cumulative CO2 
flux 

Oensingen, SO 
Annual carbon fluxes of a cropland? 
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Oensingen, SO 
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Annual carbon fluxes of a cropland? 



4 years of CO2 fluxes for crop rotation 

      16    

Oensingen, SO 

(Kutsch et al. 2010) 



Oensingen: Intensive vs. Extensive Grassland 

CaLas – FiBL, December 15, 2011 17 Eugster & Buchmann 
results is improved, if not the absolute values but the
difference between the two management systems is con-
sidered (see Fig. 7b). The average difference in the carbon
budget between the intensive and extensive management
system was determined to 204 (!110) g C m"2 year"1,
almost equal to the average difference in NEE. Most of the
selective systematic errors of the CO2 flux measurement
(Section 2.4) are supposed to be equal or at least similar for the
EC systems on both fields. Thus for the differential effect only
the independent (potentially different) systematic errors had
to be considered. Since in the main wind directions, potential
footprint disturbance was similar for both fields, the
respective systematic error was reduced from "10% to
!3%. The methodological uncertainty of the high-frequency

corrections had no effect on the NEE difference since the data
treatment was identical for both fields. The imbalance in the
day-time energy budget was found to be similar for both fields
and therefore the respective systematic error was reduced
from "9% to !2%.

3.4. Laboratory analysis of soil respiration

Rates of CO2 production per unit organic carbon
measured in the laboratory incubation experiments under
standardized conditions (Section 2.6) differed significantly
between the two experimental fields, soil depths, and
sampling dates (Fig. 8). Production rates were much higher
under extensive than under intensive management in each

C. Ammann et al. / Agriculture, Ecosystems and Environment 121 (2007) 5–2016

Fig. 7. Average carbon budget for the whole 3-year period, (a) budget components for extensive and intensive field with individual uncertainty range, (b)

difference between corresponding components of the two fields with differential uncertainty range (see text).

Fig. 8. CO2 production (heterotrophic respiration) at 25 8C of incubated soil cores taken from the intensive and extensive field. Error bars represent the 5%

uncertainty range of the displayed mean values (n = 6).

(Ammann et al. 2007) 

Extensive 
Intensive 

Soil C 
Stocks 



Oensingen: Intensive vs. Extensive Grassland 
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ol g n y q y un e x si an n e n e s e

i

Extensive 

Intensive 

(Ammann et al. 2007) 



Soil Processes: Importance of N2O and CH4 
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(mod. after Meixner and Eugster 1999) 

Soil Water Saturation 

GHG Inert Chemically Reactive, Short Lifetime 

CH4 CH4 CH4 Uptake (Oxidation) 
CO2 Loss (Respiration) 
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Total Global Warming Potential Oensingen Grassland 
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Management Effect on Cropland  
Respiration 
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(Eugster et al. 2010) 
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Combined approach to estimate European GHG budget 
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(Schulze et al. 2009) 



(Schulze et al. 2009) 

N
B

P 

Europe  
= Carbon sink 

European CO2 fluxes and NBP (Net Biome Productivity) 
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European GHG budget for agricultural lands 
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(Schulze et al. 2009) 

Grasslands 
are a sink 

Croplands 
are a source 



(Wolf et al. 2010) 
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Afforestation vs. pasture in Panama 



(Wolf et al. 2010) 
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Afforestation vs. pasture in Panama 



(Wolf et al. 2011) 
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Afforestation vs. pasture in Panama 



Panama: Dry vs. Wet Season CO2 Fluxes 
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(Wolf et al. 2011) 

Impact of overgrazing 
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overgrazing 
threshold 
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C-Losses from Organic Soil: Rigi-Seebodenalp 
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(Smith et al. 2005) 

Mitigation options “on land”? 
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According to IPCC (WG III, 2007): For agriculture 
•  Reducing emissions in agriculture (e.g., fertilizer optimization) 

•  Enhancing GHG removal through management (e.g., zero-
tillage, conservation tillage; conserve/increase soil C pools) 

•  Avoiding emissions (e.g., bio-energy, selection of new 
agricultural areas)  
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Mitigation options “on land”? 



(IPCC, WG III,  

2007) 
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Mitigation options “on agricultural land”? 



Total ca. 6 Gt CO2-eq/yr 

Thereof 

89% enhanced soil C 

  9% mitigation of CH4 emissions 

  2% mitigation of soil N2O emissions 

(IPCC, WG III,  

2007) 
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Mitigation options  
“on agricultural land”? 



•  Many options available 
•  Strongly dependent on local conditions (environment, 

management, society, politics, …) 
•  Agricultural mitigation: 

-  options in 2030: up to 5.5 to 6 Gt CO2-eq per yr  
(top-down models) without fossil fuel substitutions 

-  most prominent options: improved crop and grazing land 
management, restoration of drained soils and 
degraded land ! soil C sequestration 

-  some technological development still needed 

(IPCC 2007) 
CaLas – FiBL, December 15, 2011 35 Eugster & Buchmann 

Mitigation options “on agricultural land”? 




