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Greenhouse Gas Emissions by Sectors 

Source: AR4, WG III; IPCC 2007 
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Bellarby et al. 2008 
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Methods and Data 
Alternative Frameworks 

 

Food chain approach 

 

Source: Garnett 2011 
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Methods and Data 
IPCC Guidelines and Good Practice Guidance 

1996 revised IPCC Guidelines 

IPCC Good Practice Guidance 2000 

2006 IPCC Guidelines 

IPCC Good Practice Guidance 

LULUCF 2003 
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Annual Review 

UNFCCC 

Methods and Data 
Basic Approach and Levels of Complexity 

Emission = AD * EF 

Tier 1: AD * IPCC Default EF 

Tier 2: AD * EF calculated according to IPCC 

 Guidelines and GPG 

Tier 3: Country Specific 

 

Official Approval during UNFCCC 

Annual Review 

 

Emission Factor Database EFDB 
http://www.ipcc-nggip.iges.or.jp/EFDB/main.php  

http://www.ipcc-nggip.iges.or.jp/EFDB/main.php
http://www.ipcc-nggip.iges.or.jp/EFDB/main.php
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7 

Agricultural Greenhouse Gases 

CO2  Carbon Dioxide  1 

CH4   Methane   21 

N2O  Nitrous Oxide  310 

Global Warming Potential (100 years) 

CO2-equivalent 
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Cattle 87.2% 

Sheep

3.4% 

Goats 

0.6% 

Horses 

1.0% 

Mules and Asses 

0.2% 

Swine 

7.0% 

Poultry 

0.7% 

Contribution of different livestock categories 

to methane emissions in Switzerland (2009) 
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Agricultural Production in Switzerland 
1990 vs. 2008 
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Accounting of Carbon Stock Change: Swiss GHG 
– Inventory: Soil Organic Carbon 0-30 cm 

Source: FOEN 2011 

C
ro

p
la

n
d
 

G
ra

s
s
la

n
d
 



19 

Accounting of Carbon Stock Change: Swiss GHG 
– Inventory: Soil Organic Carbon 0-30 cm 

Source: FOEN 2011 

Permanent Grassland 68.2 t C ha-1 

Cropland    53.4 t C ha-1 

Organic Soils          240.0 t C ha-1 
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20 Years conversion time vs. “Slow in Rapid out” 

Source: Poeplau et al. 2011 

Accounting of Carbon Stock Change: Swiss GHG 
– Inventory: Land Use Change 



21 Source: FOEN 2011 

Accounting of Carbon Stock Change: Swiss GHG 
– Inventory: Land Use - Carbon Stock changes 



22 Source: FOEN 2011 

Mineral Soils               0.00 t C ha-1 yr-1  

Organic Soils           -9.52 t C ha-1 yr-1 

Accounting of Carbon Stock Change: Swiss GHG 
– Inventory: Land Use - Carbon Stock changes 
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Figure 7-12: Time series of measured SOC content in the top soil (0-20 cm) at the 32 NABO 

grassland sites from the 1st to the 4th re-sampling campaigns (including some sites with the 

5th). Values were centered by the median SOC content of all re-samplings of the monitoring 

site. Each value presents the median of four bulked soil samples per campaign. The altitude of 

the grassland sites ranges between 265 and 2340 m.a.s.l.  

Source: FOEN 2011 

Accounting of Carbon Stock Change: Swiss GHG 
– Inventory: Measuring Data NABO - Grassland 
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Figure 7-11: Time series of measured SOC content in the top soil (0-20 cm) at the 38 NABO 

cropland sites from the 1st to the 4th re-sampling campaigns (including some sites with the 

5th). Values were centered by the median SOC content of all re-samplings of the monitoring 

site. Each value presents the median of four bulked soil samples per campaign. The altitude of 

the cropland sites ranges between 209 and 945 m.a.s.l.  

Source: FOEN 2011 

Accounting of Carbon Stock Change: Swiss GHG 
– Inventory: Measuring Data NABO - Cropland 
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Source: Holenstein 2011 

Accounting of Carbon Stock Change: Swiss GHG 
– Inventory: Long Term Field Trials- Cropland 
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+0.026 -2.670 

-6.409 -0.035 

Accounting of Carbon Stock Change: Annex I 
Countries: CSC 2009: tC*ha-1*yr-1 
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Forest Cropland Grassland Wetlands Settlements Other land 

Method EF Method EF Method EF Method EF Method EF Method EF 

Australia T1,T2,T3 CS,M T3 M T2,T3 CS,M NA NA NA NA NA NA 

Austria T1,T2,T3 CS T2 CS,D T2 CS T2 CS T2 CS T2 CS 

Belarus T1 CS,D T1 D NA NA T2 CS NA NA NA NA 

Belgium CS,T1,T2 CS CS,T1,T2 CS CS,T1,T2 CS CS,T1 CS CS,T1 CS CS,T1 CS 

Bulgaria T1,T2 CS,D T1,T2 CS,D T1 CS T1 CS T1 CS NA NA 

Canada T3 CS CS,T1,T2,T3 CS,D NA NA T2,T3 CS T1,T2,T3 CS NA NA 

Croatia T1,T2 D NA NA NA NA NA NA T1 D NA NA 

Czech 

Republic 
CS,T1,T2 CS,D CS,T1,T2 CS,D CS,T1,T2 CS,D T1 CS,D T1 CS,D NA NA 

Denmark T1,T3 CS T2 D NA NA 

Estonia T1,T2 D T1 D T1,T2 D T1 D NA NA NA NA 

Finland T2,T3 CS,D D,T1,T3 CS,D CS,T1,T3 CS,D T2 CS NA NA NA NA 

France CR,CS,T2 CS CS,T2 CS CS,T2 CS CS,T2 CS CS,T2 CS CS,T2 CS 

Germany CS,T1,T2 CS,D CS,D,T2 CS CS CS CS,T1 D CS,T1 CS,D NA NA 

Greece T1,T2 CS,D T1,T2 CS,D NA NA NA NA NA NA NA NA 

Hungary T1,T2 CS,D T1 D T1,T2 CS,D NA NA T1,T2 CS,D NA NA 

Iceland T2,T3 CS T1,T2 CS,D T1,T2,T3 CS,D RA,T2 CS NA NA NA NA 

Ireland D,T1,T3 CS,D T1 D T1 D T1 D T1,T2 CS,D D,T1 CS,D 

Italy T1,T2,T3 CS,D T1,T2,T3 CS,D T1,T2,T3 CS,D NA NA T1 CS,D NA NA 

Japan T1,T2,T3 CS,D T1,T2 CS,D T1,T2 CS,D T2 CS,D T1a,T1b,T2 CS,D T2 CS,D 

Kazakhstan T2 CS T1 D T1 D NA NA T1 D NA NA 

Latvia T1,T2 CS,D D,T1,T2 CS,D T1 D T1 D T2 CS NA NA 

Liechtenstein T2 CS T2 CS T2 CS T2 CS T2 CS T2 CS 

Lithuania T1,T2 CS,D NA NA NA NA T1 D T1 D 

Luxembourg T1,T2 CS,D T1 CS,D T1 CS,D T1 CS,D T1 CS,D T1 CS,D 

Malta CS D CS D NA NA NA NA NA NA NA NA 

Monaco NA NA NA NA NA NA NA NA T1a D NA NA 

Netherlands CS CS NA NA NA NA 

New Zealand T1,T2 CS,D T1,T2 CS,D T1,T2 CS,D NA NA T1,T2 CS,D T1,T2 CS,D 

Norway T1,T3 CS,D T1,T2,T3 CS,D T1 CS T1 CS T3 CS T3 CS 

Poland T2 CS D,T2 CS,D T2 D D,T1 CS,D T1 D NA NA 

Portugal CS,T2 CS,D T2 CS,D T2 CS,D D,T2 CS,D D,T2 CS,D D,T2 CS,D 

Romania T1,T2 CS,D NA NA NA NA NA NA NA NA NA NA 

Russian 

Federation. 
CS,T2 CS T1 D CS,T1,T3 CS,D T1 D CS CS NA NA 

Slovakia T2 CS T1,T2 CS,D T2 CS NA NA T2 CS T2 CS 

Slovenia 
CS,D,T1,T2,

T3 
CS,D,PS D,T1,T2 CS,D D,T1,T2 CS,D NA NA T1,T2 CS,D NA NA 

Spain CS,T1,T2 CS,D T2 CS,D T2 CS,D NA NA T1 CS,D NA NA 

Sweden T1,T2,T3 CS T1,T2,T3 CS T1,T2,T3 CS T3 CS T2,T3 CS NA NA 

Switzerland T2 CS T2 CS T2 CS T2 CS T2 CS T2 CS 

Turkey T1,T2 CS,D 

Ukraine T1,T2 CS,D CS,T1,T2 CS,D CS,T2 CS,D T1,T2 CS,D T2 CS T2 CS 

United 

Kingdom 
CS,D,T3 CS CS,D,T3 CS CS,D CS D CS CS,D,T3 CS NA NA 

United States T3 CS T1,T2,T3 CS,D T2,T3 CS T1 D T2,T3 CS NA NA 

Methods and emission factors (EF) used for CO2 emissions in 

National Inventory Reports for the six land-use categories. Tier 3 

methods are shaded in blue, Tier 2 methods in light blue.  

Accounting of Carbon Stock Change: Annex I 
Countries: Reporting 

Source: UNFCCC 2011 
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Source: IPCC 2003 

Land Use 
 

Management 

Regime (Tillage) 

Input of Organic 

Matter 

Accounting of Carbon Stock Change: Annex I 
Countries: Suggested Method IPCC 
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Source: IPCC 2003 

Land Use 
 

Management 

Regime (Tillage) 

Input of Organic 

Matter 

• Animal manure 

• Crop type (N-fixing crops) 

• Crop yield (fertilization) 

• Improved vegetated fallows (green manure, 

cover crops) 

• Irrigation 

• Frequent use of perennial grasses in annual 

crop rotations 

• Farming system 
 

Accounting of Carbon Stock Change: Annex I 
Countries: Suggested Method IPCC 
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Source: IPCC 1997 

Accounting of Carbon Stock Change: Annex I 
Countries: Suggested Method IPCC 
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0.267 t*ha-1*y-1 

For Cropland in Switzerland 

Source: IPCC 1997 

Accounting of Carbon Stock Change: Annex I 
Countries: Suggested Method IPCC 
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100% compensation of agricultural emissions 

(7‟000 Gg CO2 equ.) with cropland and favorable 

grassland carbon sequestration: 

 

2.1 tC * ha-1 * yr-1 
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ICBM Sweden IPCC Tier1 C-Tool Denmark Century USA 

Accounting of Carbon Stock Change: Annex I 
Countries: Other Methods 
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ICBM Sweden IPCC Tier1 C-Tool Denmark Century USA 

Accounting of Carbon Stock Change: Annex I 
Countries: Other Methods 

Depth 

C-N interaction SOM pools 

Soil layers 

Input data 

Up-scaling 

Management Climate 
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Accounting of Carbon Stock Changes: 
Tools & Models 
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Source: Driver et al. (2010) 

Accounting of Carbon Stock Changes: 
Tools & Models 

C-AGG: Coalition on Agricultural 

Greenhouse Gases 

http://www.c-agg.org/index.html  

http://www.c-agg.org/index.html
http://www.c-agg.org/index.html
http://www.c-agg.org/index.html
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http://www.v-c-s.org/  

http://www.americancarbonregistry.org/  

Accounting of Carbon Stock Changes: 
Emission Trading System – Voluntary Carbon Market 

http://www.v-c-s.org/
http://www.v-c-s.org/
http://www.v-c-s.org/
http://www.v-c-s.org/
http://www.v-c-s.org/
http://www.americancarbonregistry.org/
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Accounting of Carbon Stock Change: Annex I 
Countries: CSC 2009: tC*ha-1*yr-1 
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Agricultural Greenhouse Gas Emissions in 
Switzerland 1990 vs. 2009 

Error bars correspond to the 95% confidence interval 
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Compliance and Confidence: Uncertainties 

Source: Jonas and Nilsson (2007) 

modified 
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Compliance and Confidence: Uncertainties 

Source: Jonas and Nilsson (2007) 

modified 

? 
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Mitigation Strategies in Agriculture 
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Mitigation Strategies in Agriculture 

Source:  Hersener et al. (2011) 
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Mitigation Strategies in Agriculture 

 Baseline Method 

 IPCC default 

 National inventories 

 MRV-Guidelines 

 Integrative approach (source and sink interactions) 

 Pollution swapping (GHG, other polluting agents) 

 System boundaries  

 food chain approach 

 grey (precursor) GHG emissions 

 post farm gate emissions 

 LULUCF 

 landscape approach 

 Leakage (displacement of activities) 

Output based approach 

 Permanence 

 Reliability (how to deal with uncertainties?) 

 



50 

daniel.bretscher @ art.admin.ch 
Phone +41 44 377 75 20 

Thank you! 

ART – Research for  
Agriculture and Nature 



51 

References 
 

Driver, K., Haugen-Kozyra, K., Janzen, R. 2010: Agriculture sector greenhouse gas practices and quantification 

review: Review: Phase 1 Report. Market mechanisms for agricultural greenhouse gases (M-AGG): 52pp. 

 

FOEN 2011: Switzerland„s Greenhouse Gas Inventory 1990–2009: National Inventory Report, CRF tables, Kyoto 

Protocol LULUCF tables 1999-2009, SEF and SIAR tables from the National Registry. Submission of 15 April 2011 

under the United Nations Framework Convention on Climate Change and under the Kyoto Protocol. Federal Office 

for the Environment, Bern. 

 

Garnett, T. 2011: Where are the best opportunities for reducing greenhouse gas emissions in the food system 

(including the food chain)? Food Policy 36 (Supplement 1): 23-32. 

 

Holenstein, H. 2010: Humusbilanzen in Schweizer landwirtschaftlichen Dauerfeldversuchen: Validierung von 

Humusbilanzmodellen. Masterarbeit: Geographisches Institut der Universität Zürich. Zürich, August 2010. 

 

Hermle, S., Anken, T., Leifeld, J., Weisskopf, P. 2008: The effect of the tillage system on soil organic carbon 

content under moist, cold-temperate conditions. Soil & Tillage Research 98 (1): 94-105. 

 

Intergovernmental Panel of Climate Change (IPCC) 1997: Greenhouse Gas Inventory Reference Manual, 

Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories. Reference Manual (Volume 3). 

Intergovernmental Panel on Climate Change. 

 

Intergovernmental Panel of Climate Change (IPCC) 2003: Good Practice Guidance for Land Use, Land-Use 

Change and Forestry (IPCC GPG LULUCF). 

 

Intergovernmental Panel of Climate Change (IPCC) 2007: Fourth assessment report: Climate Change 2007: 

Working Group III: Mitigation of Climate Change (eds. Metz B. et al.). Cambridge University Press, Cambridge; 

852pp. 

 



52 

References 
 

Jonas, M., Nilsson, S. 2007: Prior to an economic treatment of emissions and their uncertainties under the Kyoto 

Protocol: Scientific uncertainties that must be kept in mind. In: Lieberman, D., Jonas, M., Nahorsky, Z.T., Nilsson, 

S. (eds.): Accounting for climate change: Uncertainty in greenhouse gas inventories – verification, compliance, and 

trading. Springer, Germany. 

 

Müller, M., Schafflutzel, R., Chervet, A., Sturny, W.G., Zihlmann, U., Weisskopf, P. 2007: Soil organic matter 

content after eleven years of no-till and plough. AGRARForschung 14 (9): 394-399. 

 

Murray, B.C., Baker, J.S. 2011: An output-based intensity approach for crediting greenhouse gas mitigation in 

agriculture: explanation and policy implications. Greenhouse Gas Measurement and Management 1 27-36. 

 

Poeplau, C., Don, A., Vesterdal, L., Leifeld, J., Van Wesemael, B., Schumacher, J., Gensior, A. 2011: 

Temporal dynamics of soil organic carbon after land-use change in the temperate zone - carbon response functions 

as a model approach. Global Change Biology 17 (7): 2415-2427. 

 

UNFCCC 2011: Synthesis and Assessment Report on the Greenhouse Gas Inventories Submitted in 2011. 

FCCC/WEB/SAI/2011. 

 

 

 

 

 


