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LULUCF options considered

1. Conservation, prevent emissions from 
existing carbon pools, e.g., avoided 
deforestation

2. Sequestration, increase stocks in existing 
carbon pools, e.g., longer rotations (FM), 
afforestation on agricultural land

3. Substitution, substitute fossil fuel products 
with renewables, e.g., sustainable bioenergy:
ethanol, biodiesel, fuel for combustion



LULUCF mitigation model tree
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Data Flows between Models
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Modeling: Main data sources 

Data Res. Year Source

Landcover, GLC 2000 1x1 km 2000 Bartholom  and Belward, 2005

Litter and Soil C, 
Dead Trees

0.5ox0.5o 2005 Kindermann et al., 2008 based on 
FAO data

NPP 0.5ox0.5o Av. Alexandrov et al. 1999

Aboveground biomass 0.5ox0.5o 2005 Kindermann et al., 2008 based on 
FAO data OR =f(NPP,A)

Protected areas 0.5ox0.5o 2004 WDPA Consortium, 2004

Agriculture suitability 0.5ox0.5o 2002 Ramankutty et al., 2002

Population density,
GDP

0.5ox0.5o 1990
2100

Grubler et al., 2006
(IPCC Scenarios)

Buildup,
Cropland

0.5ox0.5o 2010
2080

Tubiello & Fisher, 2006
(IPCC Scenarios)



Modeling: Main data sources

Data Res. Year Source

Afforestation and 
deforestation rates

Annex-1
Country

2000
2005

Countries’ reports to UNFCC 
(processed by K.Aoki)

Net forest area 
change rate

Country 2000  
2005

FAO, FRA 2005

Forestry harvest 
statistics

Country 2005 FRA, 2005

Agricultural 
production, 
consumption, prices

Country 2000-
2005

FAOSTAT, 2008

Afforestation and 
deforestation rates

Global 2000 
2005

FAO, FRA 2005



G4M: Modeling Approach
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G4M: Modeling Approach
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– Hurdles (multiplicator of 
Forestry NPVi)

– DeforRateCoef (multiplicator of 
Defor Ratei)

– AfforRateCoef (multiplicator of 
Affor Ratei)

to match (average 2000-2005)

 global FAO Defor and Affor
Rates

 non-Annex 1: FAO Net 
Forest Area Change

 Annex 1: UNFCCC reported 
values on Defor and Affor
Rates



GLOBIOM: Model description

Global Biomass Optimisation Model

Coverage: global - 27 world regions

3 land based sectors:
Forestry: traditional forests for sawnwood, and pulp and paper production
Agriculture: major agricultural crops
Bioenergy: conventional crops, forest, and dedicated short rotation plantations

Economic optimization model (FASOM structure)

Output
Production
Consumption
Prices, trade flows, etc.



GLOBIOM: Modeling Approach

Wood Processing

Bioenergy Processing

Livestock Feeding

Unmanaged Forest

Managed Forest

Short Rotation
Tree Plantations

Cropland

Grassland

Other Natural 
Vegetation

Energy products:
Ethanol (1st gen.)
Biodiesel (1st gen.)
Ethanol (2nd gen)
Methanol
Heat
Power
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Fuel wood

Forest products:
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Woodpulp

Livestock:
Animal Calories

Crops:
Barley
Corn
Cotton …



Marginal abatement cost curves:
Afforestation until 2020
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Deforestation
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Marginal abatement cost curves:
Avoided deforestation until 2020
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Comparison to other studies: e.g. US

Afforestation
Avoided 

deforestation Forest management
USEPA 7.4 - 75
our study <1 <1 65

• Afforestation to begin later in our model 
• Baseline for afforestation is similar (USEPA 19, GAINS 12  

MtCO2/yr)
• Forest management of our study does not (yet) take market 

feedbacks into account
• FM results from us preliminary

Comparison of USEPA (2009) versus GAINS estimates at about 
10 US$ per t CO2 (MtCO2/yr)



G4M sensitivity study

Sensitivities to wood price, % / $/m3

Year 2005 2020

Deforestation Rate -5.39 1.96

Afforestation Rate 1.81 0.30

Sensitivities to agriculture land price, % / $/ha

Year 2005 2020

Deforestation Rate 0.02 0.01

Afforestation Rate -0.04 -0.01



GLOBIOM sensitivity: CHP with grasslands
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GLOBIOM sensitivity: CHP without grasslands
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Limitations and caveats

• Baseline assumptions
– Forest management, deforestation
– Not all countries reporting
– Future crop yields

• Data issues
– Global land cover, NPP, climate change
– Forest inventories 
– Countries’ reports to the UNFCCC
– Global statistics on forests, products, etc.
– System switch cost

• Market
– Market feedbacks are included for Afforestation & 

Deforestation
– Forest management: costs expected to rise in case of timber 

shortage
• ………………..



Conclusions

• Integrated LULUCF Model cluster is developed

• Mitigation potentials for Annex-I comp. to 1990
– Avoided deforestation < 1% (for some countries up 

to 15%)
– Afforestation < 1%
– Afforestation is expected to increase substantially 

after 2020 

• Bioenergy potential 
– Agricultural crop biofuels – 25% above baseline
– Wood-based bioenergy – 75% above baseline

• Large uncertainties specific to the biosphere



Additional information
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G4M: Carbon pools and fluxes

Pools:

• Aboveground biomass 

• Belowground biomass = f(Ab,Ezone)

• Litter 

• SOC

• Dead trees

Kindermann et al., 2008 based on 
FAO data

Kindermann et al., 2006 
based on FAO data OR 
=f(NPP,A)



G4M: Carbon pools and fluxes

Emissions and sinks:

• Burning of slash, dead trees and coarse roots

• Loosing and accumulation of litter (0.5tC/ha)

• Changes in SOC (±40%)

• Changes in products

• Ab and Bl Biomass increase



Nijnik and Bizikova, 2008 G4M

2 289 2 588

Forest  area change project i ons for  2010-2050 at  C pr i ce 
0 $/ t C, t h .ha

Comparison to other studies: 
Projections for Ukraine

SP “Forests of Ukraine” in 
2002-2015

G4M

300 500

Forest  area change project i ons for  2010-2015  at   C pr i ce 0 
$/ t C, t h .ha



G4M: Carbon value mechanisms

• Carbon “Tax”

– Pay money for lost C due to deforestation

– Get money for accumulated C due to 
a/re-fforestation

• Regular incentive payments

– Get money every e.g. 5 years for C in forest 
phytomass

Kindermann et al. 2006



G4M: Calibration

Adjust country specific

– Hurdles (multiplicator of Forestry NPVi)

– DeforRateCoef (multiplicator of Defor Ratei)

– AfforRateCoef (multiplicator of Affor Ratei)

to match (average 2000-2005)

global FAO Defor and Affor Rates

non-Annex 1: FAO Net Forest Area Change

Annex 1: UNFCCC reported values on Defor and 
Affor Rates



GLOBIOM: Model description

Global Biomass Optimisation Model
Coverage: global, 27 regions
3 land based sectors:
Forestry: traditional forests for sawnwood, and pulp and paper 
production
Agriculture: major agricultural crops
Bioenergy: conventional crops and dedicated forest plantations

Optimization Model (FASOM structure)
Recursive dynamic spatial equilibrium model
Maximization of the social welfare (Producer plus consumer surplus)
Partial equilibrium model (land use sector only): endogenous 
prices

Output
Production
Consumption
Prices, trade flows, etc.



EPIC: Model description

Crop related parameters: SimU  EPIC (Schmid, E.)

Major inputs:
Weather
Soil
Topography
Land management

Major outputs:
Yields
Environmental variables

4 management systems:
High input, Low input, Irrigated, Subsistence

EPIC

Rain, Snow, 
Chemicals

Subsurface 
FlowSurface 

Flow

Below Root 
Zone

Evaporation 
and 

Transpiration
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Marginal abatement cost curve:
Forest management until 2020
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G4M sensitivity study

Sensitivities to wood price, ha/year/$/m3

Year 2005 2010 2015 2020

Deforestation Rate -755,124 -353,742 -187,405 134,413

Afforestation Rate 104,637 92,027 61,707 16,020



G4M sensitivity study

Sensitivities to agriculture land price, ha/year/$/ha

Year 2005 2010 2015 2020

Deforestation Rate 3,378 914 1,119 375

Afforestation Rate -2,061 -1,190 -1,549 -696



Marginal abatement cost curves:
Afforestation until 2020

Percent annual potential of 1990 total emissions

Afforestation
Afforestation

0

50

100

150

200

250

300

0 1 2 3 4

MtCO2/yr

$/
tC

O
2

Australia
Canada
EU 27
Japan
Russia
United States



Marginal abatement cost curves:
Avoided deforestation until 2020
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