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Outline

* Global C pools and fluxes
* Sectorial emissions
e 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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Understanding the global C balance
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Update: Global C budget in 2010
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Fast “recovery” after last financial crisis

World Food System
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Sectorial GHG emissions
vrocus RN

FOOD SECURITY

Summit urged to
clean up farming

Leading scientists say that agricultureis a ‘poor relation’ in
global-warming negotiations.

BY NATASHA GILBERT

elegates meeting this month in
D 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

31.1% Agriculture
contributor to greenhouse-gas pollution on

= 15.2 Gt CO.eq/a
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-

= 6.6 Gt CO.,eq/a
—OR -

(data from 2004)

17 NOVEMBER 2011 | VOL 479 | NATURE | 279
© 2011 Macmillan Publishers Limited. All rights reserved
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FARMING FOOTPRINT

Greenhouse-gas emissions from forestry are largely
caused by creatinginew farmland. When added to
emissions directly fipm agriculture, farming is the
largest source of man-made greenhouse gases.

Waste and
wastewater

2.8% Energy supply

25.9%

Forestry

17.4%

Transport

13.1%

Agriculture

dustry Buildings
19.4% | | 79%

*49 gigatonnes of carbon-dioxide equivalent per year; 2004 data

(Gilbert 2011)
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Sectorial GHG emissions: Agriculture

Sector End Use/Activity

Residential Bulldings

HFCs, PFCs,

- WORLD RESOURCES INSTITUTE
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Quantification of GHG fluxes

Chambers - soil or vegetation scale

Aircraft Famidny emsons

Gew point mirror
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Modelling, inventories
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Biosphere—atmosphere gas exchange

\ A v/
“o

Another approach: Land-based measurements

Fcop, = Netecosystem exchange NEE

R = Respiration

A = Assimilation, photosynthesis

C sink: Assimilation >> Respiration

C source: Respiration >> Assimilation

A

: ..'./ AR 7. '
Fruebuel, CH, ~

o
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Measurements of net CO, exchange

Eddy Covariance method:

Measurements of

* Radiation,

* Temperature, humidity,

* CO,, H,0 concentrations,
*  Wind direction,

* Wind velocity,

» Calculation of CO, flux:

. | |
FCO2 = VW €
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Measurements of net CO, exchange

44 * Continuous measurements
"‘ (24 h/day, 365 days/year,

multiple years)

Fco2
* Spatial integration

A W

2004

100

/
17\ -100

¢ ‘ - ',\C‘hama u, CH

‘ '
o /
/ /o

Calas — FiBL, December 15, 2011 Eugster & Buchmann

/[
/

-200



eugsterw
Line

eugsterw
Line


ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Swiss Fluxnet

World Food System

@ Frucblel (grassiand) @ Oensingen (cropland & grassiand @ Davos(forest @ major aties in Switzerland
@ Chamau (grassland] @ Ligeren (foeest) O HRietholzbach (grassiand)
@ AlpWeissenstein (grassland) @ Dischma (grassland - winter only @ Basel (urban area)
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Annual carbon fluxes of a cropland?
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Annual carbon fluxes of a cropland?
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4 years of CO, fluxes for crop rotation
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(Kutsch et al. 2010)
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Confederazione Svizzera
Confederaziun svizra

Agroscope Reckenholz-Tanikon
Research Station ART

Oensingen: Intensive vs. Extensive Grassland
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Agroscope Reckenholz-Tanikon
Research Station ART

Oensingen: Intensive vs. Extensive Grassland
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Soil Processes: Importance of N,O and CH,

Chemically Reactive, Short Lifetime GHG Inert
—4— NO  =---- NO, Yang & Meixner,1997 —o- N20 Qe N2
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(mod. after Meixner and Eugster 1999)
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Combined anproach to estimate Euronean GHG budget

CO, inversion 1
Carbontracker EU

CO, inversion 2
LCSE

CH, inversions +

N,O inversion -

CO, inversion 3
MPI

\x

—_——

Atmosphere-based fluxes

European
biological GHG
flux

Land-based fluxes

S

Three cropland models +
agricultural statistic +
remote-sensing products

One grassland model +
agricultural statistic +
site studies +
remote-sensing products

YASSO soil carbon model +
flux + site studies +
specific data
for CH, and N,O

(Few) regional soil carbon
inventories +
flux + site studies +
fuzzy logic model for
N,O based on UNFCCC

(Few) eddy flux sites +
site studies +
fuzzy logic model for N,O
based on UNFCCC +
PASIM model
for CH, and N,O
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European CO, fluxes and NBP (Net Biome Productivity)

2000-2004

NBP

Land ecosystem CO, flux
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European GHG budget for agricultural lands

Carbon flow and trace gas emissions in eco

Heterotrophic Other
a Autgtro.phic respiration DOC/DIC GHGs
respiration Harvest  Manure 70% (CH,4, N5O)
Fire
Gross ‘
primary I ; Net primary Soil i
productivity productivity oil inputs
Net biome Net biome Net greenhouse- Net greenhouse-
productivity productivity gas balance gas balance
(biomass) (CO, soil) (NGB soil) (Total NGB)
€ Grasslan
593 217 _40 508 7 43
(£297) (£43) ‘ (:152>(+g 5y =35 (£14)
1343 s0 A I 4 Grasslands
(£269) (+150) (172> are a sink
o) -57 -14
(x34) (x18)
’ &
Croplan
570 -257 319 7 30
(£171) (£23) -26 (£89) 3 (£3) (9)
‘ (€3]
1120 I 550 A Croplands
(£224) (x50) (+64) are a source
@) 10 40
(x9) (x40)

(Schulze et al. 2009)
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Afforestation vs. pasture in Panama

Sardinilla, Panama

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

Dry season

Pasture

Afforestation

Wet season

(Wolf et al. 2010)
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Afforestation vs. pasture in Panama
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Panama: Dry vs. Wet Season CO, Fluxes

Dry Wet season
400 2007
—— 2008
—— 2009 - S
= 200 - %)
< 2008: 261 g C m2
0 2009: 260 g C m™2
LLl
= 0 —
(O]
=
© ™
£
3 —200 — <
wn
2008: —442 g C m—2 .
~400 — J Afforestation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
(Wolf et al. 2011)
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Impact of overgrazing

DAGRL
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Pasture, June 2008 - January 2010
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World Food System

C-Losses from Organic Soil: Rigi-Seebodenalp
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Mitigation options “on land”?

Maximum value Minimum value

GHG mitigation potential

# ¢

Biological potential Economically

constrained
Biologically/physically potential
constrained potential
(e.g. land suitability)

Socially/politically
constrained

potential — estimated
realistically achievable
potential (~10% of
biological potential)

(Smith et al. 2005)
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World Food System

Mitigation options “on land”?

According to IPCC (WG Ill, 2007): For agriculture
* Reducing emissions in agriculture

* Enhancing GHG removal through management

* Avoiding emissions

Calas — FiBL, December 15, 2011
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Mﬁitig_aﬁ_tvivoﬁndqpti'ons “on agricultural land”?

World Food System

Mitigative effects’

ey . 2
Net mitigation

(confidence)
Measure Examples CO, CHy | N;O | Agree- Evi-
ment dence
Cropland man- Agronomy + +/- Aok ek
agement Nutrient management + + e ok
Tillage/residue management + +/- = i
Water management (irrigation, drainage) +/- - * *
Rice management +/- - +/- e ok
Agro-forestry + o R .
Set-aside, land-use change + + - e ¥
Grazing land Grazing intensity +/- - +/- d *
management/ Increased productivity (e.g. fertilization) = +/- *% *
pasture im- Nutrient management + +/- o ¥
provement Fire management + + +/- & *
Species introduction (including legumes) + +/- * ok
Management of | Avoid drainage of wetlands + - +/- i *H
organic soils
Restoration of Erosion control, organic amendments, nu- + +/- o kK
degraded lands | trient amendments
Livestock man- | Improved feeding practices + - i k¥
agement Specific agents and dietary additives + *¥ kk
Longer term structural and management - - e *
changes and animal breeding
Manure/biosolid | Improved storage and handling - +/- Aok k ot
management Anaerobic digestion - +/- kg *
More efficient use as nutrient source + - ok ok
Bio-energy Energy crops, solid, liquid, biogas, resi- + +/- +/- i *E
dues

(IPCC, WG I,
2007
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Global GHG abatement cost curve for the Agriculture sector
Societal perspective; 2030
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1800
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1400 Bco,
Thereof
1200
89% enhanced soil C
1000
9% mitigation of CH, emissions
800
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600
400 -
200 - .
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& s @ & Q}@\ & & (IPCC, WG I,
s & &
P
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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 CO,-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)
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