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Abstract

Global historical GHG emissions from land use are currently considered to be the second
largest sources of emissions. Future potentials of global mitigation options in the land use
sector depend inter alia on land availability and product supply and demand in different
regions. The IIASA Forestry Program has developed a multi-model toolbox in a coupled
modelling framework (Fig. 1) that allows assessing interactions between different land use
related mitigation measures in an integrated way. As an example we show the impact of biofuel
expansion on crop prices and deforestation and the role of international trade (Fig. 2).

The Basic Framework

The framework establishes linkages between biophysical resource modelling and economic
optimisation designed at two levels: Model simulations (forestry G4M and agriculture EPIC)
quantify the biophysical implications of land management as well as mitigation strategies as
a basis of the economic optimisation in the global model (GLOBIOM, EU-FASOM).
Additionally, a regional economic optimisation model (BEWHERE) assesses the cost
competitiveness of bioenergy options. With this framework land use options and direct and
indirect implications of land use change can be analysed including cropland, grassland and
livestock management as well as afforestation, deforestation, forest management and
bioenergy production.

The application of the entire model cluster is essential to fully evaluate trade-offs of different
land uses. Also conflicts between alternative management options that are promoted in
national and international policy programmes (climate policy, land use, biofuels, etc.) with
respect to environmental criteria, the full GHG balance, impacts on food security, and
development can be assessed.

GGl scenarios, POLES and PRIMES model results:
[Population, GDP, energy demand, GHG emissions, carbon price, energy prices, ...]
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Scenarios and first results
Scenario 1: Deforestation is not prevented A- Free trade in biofuels
B- No trade in biofuels
A- Free trade in biofuels

B- No trade in biofuels

Scenario 2: Deforestation is prevented

+ Indirect land use effects can be large: if bioenergy is only produced
domestically (no trade), food production is reallocated to other areas leading to
deforestation (Fig. 2 a) and an increase in the crop price index (Fig. 2 b).

+ Avoiding deforestation reinforces the increase in crop prices.

* Free trade mitigates the negative impacts of biofuel expansion: about 10
million hectares of forest are lost when trade of bioenergy is not allowed.

Fig. 2 a) Deforestation: million hectares  b) Food security: crop price index

1.20
30

115
20

1.10
10 1.05
0 1.00

|:| With trade, allowing deforestation
- With trade, preventing deforestation
- Without trade, allowing deforestation
- Without trade, preventing deforestation

- World biofuel targets, no trade
l:l World biofuel targets, with trade
- EU biofuel targets, no trade
- EU biofuel targets, with trade

:saseqejep pajebaibbe |eqojg

climate change feedback
Uncertainty and risk assessment
probabilities

Real option
modelling
(decision rules,

Early warning
system models
(fires, land slides,
earth quakes)

Costs \

optimal
management )
Curves

Mitigation
Fig. 1: The multi-model toolbox is a major step to a comprehensive understanding of the
impacts of economically optimised mitigation strategies considered. For description of single
models see right.
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IIASA FOR Models

G4M Model

The Global Forest Model (G4M) provides spatially explicit estimates of annual aboveground wood
increment, development of aboveground forest biomass and costs of forestry options such as forest
management, afforestation and deforestation by comparing the income of alternative land use.

EPIC Model

The Environmental Policy Integrated Climate (EPIC) integrates a large number of biophysical processes
and is used to compare land management systems and their effects on water, nitrogen, phosphorus, and
green house gas emissions.

GLOBIOM Model

GLOBIOM is a global static partial equilibrium model integrating the agricultural, bioenergy and forestry
sectors with the aim to give policy advice on global issues concerning land use competition between the
major land-based production sectors.

EU-FASOM Model

EU-FASOM is a partial equilibrium model used for long term assessment of the economic, technical and
environmental potentials of land use options in Europe under different market and environmental conditions
and policies.

BEWHERE Model

The BEWHERE model calculates the optimal spatial distribution and size of bioenergy plants, pulp and
paper mills and sawmills given the spatial biomass supply distribution from biophysical models to assess
economies of scale and scope under poly-production.

FORMICA Model
The model FORMICA calculates carbon pool trajectories under current and changing forest management in
existing forests at a regional scale.

OSKAR Model
OSKAR estimates biomass, dead wood, harvest yields and costs for different forestry scenarios (thinning,
species, climate change) at plot level to regional scale.

GBPM - Growth and Biological Production Models
A spatially distributed set of four different types of growth and biological production models for major forest
forming species of Northern Eurasia has been developed by IIASA FOR Program.

Disaster Models

Disaster models developed for the GEO-BENE project (www.geo-bene.eu) include forest fires, earthquakes,
landslides, and tsunamis. The purpose of the models is to quantitatively assess the value of
observations/measurements for the reduction of disaster's impact on society and environment.

Real Options Models

Real options analysis is a tool for decision-making under uncertainty when there is flexibility to postpone
decisions and when irreversibility is involved. Examples of applications within FOR include optimal forest
rotation models in the face of fire risk, investment and operational decisions concerning biomass-fired
power plants, etc.

* Corresponding author:
Dr. Hannes Béttcher

Phone : +43 2236 807-538
E-Mail: bottcher@iiasa.ac.at

|$ Science for
w» Global Insight

I1ASA www.iiasa.ac.at

www.cc-tame.eu




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


