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Greenhouse Gas Emissions by Sectors
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Figure 1.3b: GHG emissions by sector in 2004.
Source: Adapted from Olivier et al., 2005; 2006.
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Methods and Data

Alternative Frameworks

Food chain approach

Catering
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Fig. 2. Breakdown of food chain CHG emissions in the UK exduding land use
change. Souree: adapted from Camett (2008}

Source: Garnett 2011

An output-based intensity approach for crediting
greenhouse gas mitigation in agriculture:
explanation and policy implications

Brian C. Murray* and Justin S. Baker

Nicholas Insfitute for Environmental Policy Solutions, Duke University, Box 90335, Durham, NC 27708, USA



Methods and Data

IPCC Guidelines and Good Practice Guidance
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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

Emission Factor Database EFDB

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

Official Approval during UNFCCC
Annual Review



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

Agricultural Greenhouse Gases

Global Warming Potential (100 years)
CO,-equivalent

@ COZ Carbon Dioxide 1

- CH4 Methane 21
@ NZO Nitrous Oxide 310
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Agricultural Greenhouse Gas Emissions in
Switzerland 1990-2009
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Agricultural Greenhouse Gas Emissions in
Switzerland 1990-2009

Gg CO, equivalent
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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 N

Carbon stocks and changes in living biomass, in dead organic matter and in soils for the combination
categories (CC), disaggregated for altitude, NFI region, and soil type. The values are valid for the
whole period 1990-2009 with the exception of biomass and dead organic matter parameters of CC12,
which change annually (numbers given here are for the year 1990); cf. Table 7-5.
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Source: FOEN 2011 18




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

Carbon stocks and changes in living biomass, in dead organic matter and in soils for the combination
categories (CC), disaggregated for altitude, NFI region, and soil type. The values are valid for the
whole period 1990-2009 with the exception of biomass and dead organic matter parameters of CC12,
which change annually (numbers given here are for the year 1990); cf. Table 7-5.
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Accounting of Carbon Stock Change: Swiss GHG
— Inventory: Land Use Change

Cropland to grassland Grassland to cropland
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Fig. 1 Temporal dynamic of relative soil organic carbon (SOC) change (%) and forest floor carbon (C) accumulation (Mgha ™' yr™) after
land-use change with fitted carbon response functions ( = 95% confidence interval): (a) cropland to grassland, (b) grassland to cropland,

Source: Poeplau et al. 2011
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Accounting of Carbon Stock Change: Swiss GHG
— Inventory: Land Use - Carbon Stock changes

Carbon stocks and changes in living biomass, in dead organic matter and in soils for the combination
categories (CC), disaggregated for altitude, NFI region, and soil type. The values are valid for the
whole period 1990-2009 with the exception of biomass and dead organic matter parameters of CC12,
which change annually (numbers given here are for the year 1990); cf. Table 7-5.

4] = = = =
b ’ £ £ B == o o E . 2
= = % § E8 5 x & ¥ @ B E % =| E=
2 | = | 8§ 8E= |2528| 2% £2 2 |BEZ| &8s
e N @ B2 |BER I = = =R %
& - = oo . 2 = B - a8 e 85
: | E| 2| 2| Eex |ESE| EZ S g 52 (55| 5E
2 T | 5|3 58 |} 3 - £ i |sPs| s
= z | 512 u_ﬁ 32 @5 SE J|ecS| 3 |
Strata tC ha’ tCha” yr'
2 ns | ns | 0 454 0 53.40 0 0 0 0
ns | ns | 1 4.54 0 240.00 0 0 0 -B.52
] n.s i 745 0 62.02 0 0 0 0
n.s 1 7.45 0 240.00 ] 0 0 052
n.s 7] 0 6.26 0 67.50 0 0 0 0
n.s 2 1 6.26 0 240.00 0 0 0 D52
n.s 3 ] 4 .45 i 76.18 ] 0 a ]
n.s 3 1 445 0 240.00 0 0 0 -p.52
32 | ns | 1 | ns 12.00 0 58.23 0 0 0 0
n.s Z | ns. 12.90 0 6B.23 0 ] 0 0
n.s 3 | ns 12.80 0 6B.23 0 0 0 0
32 | ns | ns | O 374 0 53.40 0 0 0 0
ns | ns | 1 374 0 240.00 0 0 0 052
g 34 | ns | 1 | ns 12.00 0 6B.23 ] 0 0 ]
9 n.s 2 | ns= 12.90 0 6B.23 0 0 0 0
a ns 7 | ns 12.00 0 66.23 0 0 0 0
= % | ns | ns | O 24 83 0 64.76 0 0 0 0
< ns | ns | 1 24 83 0 240.00 0 0 0 D52
3G n.s. ns. | ns 452 0 26.31 0 0 0 0
ar ns. | ns. | ns 6.05 1] 6B6.23 ] ] 1] ]

Source: FOEN 2011 21




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

Carbon stocks and changes in living biomass, in dead organic matter and in soils for the combination
categories (CC), disaggregated for altitude, NFI region, and soil type. The values are valid for the
whole period 1990-2009 with the exception of biomass and dead organic matter parameters of CC12,
which change annually (numbers given here are for the year 1990); cf. Table 7-5.
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Agricultural Greenhouse Gas Emissions in
Switzerland 1990-2009

10'000

9'000

8'000

7'000

6'000

5'000

Gg CO, equivalent

3'000 -

2'000 -

1'000 -

0

v
=}
]
o
v
()
t
=]
<

4'000 -

= o o
40 B S OEE e e e

1990

1991

1992
1993
1994

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

CO,

Land Use and Land Use Change: Grassland
Land Use and Land Use Change: Cropland

Ull=

Agricultural Soils: Indirect Soil Emissions

Agricultural Soils: Direct Soil Emissions

Enteric Fermentation 23




Accounting of Carbon Stock Change: Swiss GHG
— Inventory: Measuring Data NABO - Grassland
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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.
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Source: FOEN 2011
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Accounting of Carbon Stock Change: Swiss GHG
— Inventory: Measuring Data NABO - Cropland
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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.
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Source: FOEN 2011
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Accounting of Carbon Stock Change: Swiss GHG
— Inventory: Long Term Field Trials- Cropland
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Accounting of Carbon Stock Change: Annex |

Countries: csc 2009: tC*hal*yrt
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Accounting of Carbon Stock Change: Annex
Countries: Reporting

Methods and emission factors (EF) used for CO, emissions in
National Inventory Reports for the six land-use categories. Tier 3
methods are shaded in blue, Tier 2 methods in light blue.

| Forest | Cropland | Grassland Wetlands Settlements Other land
Method Method Method EF Method EF Method EF Method EF
B Australia CSM NA NA NA NA NA NA
Austria T2 [ T2 cs T2 [ T2 cs
Belarus T1 CS.D T1 D NA NA T2 Cs NA NA NA NA
Belgium CS,T1,72 [ CS,T1,712 [ CS,T1,72 [ CS,T1 cs CS,T1 [ CS,T1 cs
Bulgaria T1T2 CS.D T1,12 CS.D T1 cs T1 Cs T1 [ NA NA
Canada CsD NA [T e I e S NA NA
Croatia T1,T2 D NA NA NA NA NA NA T1 D NA NA
gzzzznc cS,T1T2 csb cs,T1,T2 ) cS,T1T2 csb T1 cs,D T cs,D NA NA
m Denmark cs T2 D NA NA
Estonia T1,T2 D D T1,T2 D T1 D NA NA NA NA
GJ Finland CS.D T2 Cs NA NA NA NA
" m— France CR,CS,T2 [ CS,T2 [ CS,T2 [ CS,T2 cs CS,T2 [ CS,T2 cs
o Germany CS,T1,72 CS,D CS,D,T2 [ cs Ccs CS,T1 D CS,T1 ) NA NA
+ Greece T1,T2 CS,D T1,T2 CS,D NA NA NA NA NA NA NA NA
C Hungary T1,T2 CS,D T1 D TLT2 CS,D NA NA TLT2 ) NA NA
celand T1,T2 CS,D RA,T2 cs NA NA NA NA
3 reland T1 D T1 D TLT2 ) D,T1 CS,D
o CS,D NA NA T1 CS,D NA NA
CS,D T2 CS,D Tia,T1b,T2 CS,D T2 CS,D
‘ ' Kazakhstan T2 [ 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 [ T2 [ T2 [ T2 cs T2 [ T2 cs
- Lithuania T1,T2 Cs,D NA NA NA NA T1 D T1 D
>< Luxembourg T1,72 CS,D T1 CS,D T1 CS,D T1 CS,D T1 ) T1 CS.D
Malta [ D cs D NA NA NA NA NA NA NA NA
GJ Monaco NA NA NA NA NA NA NA NA Tia D NA NA
C Netherlands Ccs Ccs NA NA NA NA
New Zealand | T1,T2 CS.D T1,T2 ) T1,72 CS.D NA NA T1,T2 ) T1,T2 CS,D
C Norway CS.D T Cs T1 Cs Cs
Poland T2 D,T2 ) T2 D D.T1 CS,D T1 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
g_ Romania T1,T2 CS.D NA NA NA NA NA NA NA NA NA NA
8 N E;’;:'rzzon_ cs T2 cs T D - csp T D cs cs NA NA
8 q— Slovakia T2 [ T1,T2 CS,D T2 [ NA NA T2 [ T2 CS
E, Slovenia Cs,D,PS D,T1,T2 cs,D DT1T2 csb NA NA T1LT2 cs,D NA NA
< Spain Cs,D T2 CS,D T2 Cs,D NA NA T1 Cs,D NA NA
Sweden CS NA NA
Switzerland T2 [ T2 [ T2 [ T2 Cs T2 [ T2 cs S ource: U N F C C C 2 O 11
Turkey T1,T2 Cs,D
Ukraine T1,T2 CS,D CS,T1,72 CS,D CS,T2 CS,D T1,T2 CS,D T2 [ T2 CS
mz‘lm cs D cs cs NA NA o8
United States cs T1 D cs NA NA
L




Accounting of Carbon Stock Change: Annex |
Countries: suggested Method IPCC

EQUATION 3.3.3
ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS FOR A SINGLE CROPLAND SYSTEM

ACCC (SOCO SOC(O T}) ® A] /T
SOC= SOCREF efiyeFyce L

Vrce: IPCC 2003

Input of Organic
Matter

Land Use |

Management
Regime (Tillage)
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Accounting of Carbon Stock Change: Annex |
Countries: suggested Method IPCC

EQUATION 3.3.3

ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS FOR A SINGLE CROPLAND SYSTEM
ACcc,,  =[(SOC;—SOCq_ 1)) ® A]/ T

KAnimal manure

« Crop type (N-fixing crops)
» Crop yield (fertilization)

COover crops)
Irrigation

crop rotations

KFarming system

Improved vegetated fallows (green manure,

Frequent use of perennial grasses in annual

N\

Source: IPCC 2003

ut of Organic
Matter
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Accounting of Carbon Stock Change: Annex |
Countries: suggested Method IPCC

Soil Carbon ,,naged = Soil Carbon . X Base factor x Tillage factor x Input factors

.172

COEFFICIENTS USED IN DEFAULT CALCULATION PR;?ZE[L)TJ:!ElstOR ESTIMATING CARBON STOCKS IN MINERAL SOILS

System SGP BF€ Tillage Factord Input Factors®
No- | Reduced Full Low Medium High Mature | Shortened
tillage tillage tillage input input input fallow fallow

Temperate
Long-term cultivated | A,B,C,.D 0.7 1.1 1.05 1.0 0.9 1.0 [.1/1.2
Long-term cultivated | E 0.6 [.1 1.05 1.0 0.9 1.0 [.1/1.2
Improved pasture All soils [.1 ND ND ND
Set aside (<20 years) | All soils 0.8 ND ND ND
Set aside (>20 years) | All soils 0.9 ND ND ND

Source: IPCC 1997
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Accounting of Carbon Stock Change: Annex |
Countries: suggested Method IPCC

Soil Carbon ,,naged = Soil Carbon . X Base factor x Tillage factor x Input factors

TABLE 5-122
COEFFICIENTS USED IN DEFAULT CALCULATION PROCEDURES FOR ESTIMATING CARBON STOCKS IN MINERAL SOILS

System SGP BF€ Tillage Factord Input Factors®

No- | Reduced Full Low Medium High Mature | Shortened
tillage tillage tillage input input input fallow fallow

Temperate

Long-term cultivated | A,B,C,.D 0.7 1.1 . 1.05 1.0 0.9 1.0 [.1/1.2

Long-term cultivated | E 0.6 [.1 1.0 0.9 1.0 [.1/1.2

Improved pasture All soils [.1 /O 267 t*ha'l* 1

Set aside (<20 years) | All soils 0.8 . ) y )

_ . For Cropland in Switzerland
Set aside (>20 years) | All soils 0.9 \_ /

Source: IPCC 1997
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Agricultural Greenhouse Gas Emissions in
Switzerland 1990-2009

Gg CO, equivalent
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Agricultural Greenhouse Gas Emissions in
Switzerland 1990-2009
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100% compensation of agricultural emissions
(77000 Gg CO, equ.) with cropland and favorable
grassland carbon sequestration:
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ANNUAL CHANGE IN CARBON STOCKS IN MINERAL SOILS FOR A SINGLE CROPLAND SYSTEM
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Countries: other Methods
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Accounting of Carbon Stock Changes:
Tools & Models

Table 3.3 Agricultural Activities and Their Associated Quantification Tools

Agricultural

Activity L2

AQS Tillage

APEX

Australian Farm GAS

Carbon Trust

CASA Express or CASA CQUEST

CCX — Agricultural Best Management Practices
CLA CALM

Soil Management | COMET-VR/ -FARM

Cool Farm Tool

DAYCENT/ CENTURY

DNDC/ DNDC NUGGET

FAO Carbon ExACT

Holos

RothC

V(S Grassland Management
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Accounting of Carbon Stock Changes:
Tools & Models

Leading Carbon Ltd, ClimateCHECK Corporation, KHK Consulting

Agriculture Sector
Greenhouse Gas
Practices and
Quantification

m— C-AGG: Coalition on Agricultural
Greenhouse Gases
http://www.c-agq.org/index.html

ClimateCHECK Corporation
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Agricultural Greenhouse Gas Emissions in
Switzerland 1990 vs. 2009
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Compliance and Confidence: Uncertainties
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Source: Jonas and Nilsson (2007)
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Compliance and Confidence: Uncertainties
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Mitigation Strategies in Agriculture

anure
Applied to NH3+
Soils
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kg CO.Aqg./kg Milch

Mitigation Strategies in Agriculture

B G=biude/Einrichtungen [ Maschinen Energistriger
M saatgut (Zufuhr) M psm

M Tiere (Zukauf)

DangungfMahrstoffe
Futtermittel (Zufuhr) M Tiere (Emissionen Stall etc.)

M Eigenen Tiere abwesend M weitere Inputs

Abbildung 28: Treibhauspotenzial pro kg Milch der 68 Betriehe der reduzierten Stichprobe, aufgeteilt nach Inputgruppen.

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

= Baseline Method
= |PCC 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

» | eakage (displacement of activities)

» OQutput based approach

» Permanence

» Reliability (how to deal with uncertainties?)
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