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How does climate change adaptation impact
GHG emissions -
The case of Austrian agriculture

M. Kirchner, M. Schénhart, H. Mitter and E. Schmid'

Abstract - We analyse how adaptation measures to
climate change scenarios (2025-2040) affect GHG
emissions. A spatially explicit integrated modelling
framework (IMF) is applied to model climate change
impacts and adaptation in Austrian agriculture. GHG
emissions are calculated according to the National
Inventory Report. On national average, we find that
agricultural adaptation leads to intensification such
that total GHG emissions from the agricultural sector
increase between 0% and 3%. However, the regional
differences are considerable and show that agricul-
tural intensification and extensification are mainly
driven by the sign and magnitude of local climate
change impacts.

INTRODUCTION

Much research focus in agricultural ecosystem man-
agement has been put on either adaptation or miti-
gation measures. However, only few empirical anal-
yses focus on both issues simultaneously despite a
need to consider the interaction between adaptation
and mitigation: First, agriculture is significantly af-
fected by climate change impacts (Bindi and Olesen,
2011). Second, agriculture contributes about 10% to
the total GHG emissions in Austria (Anderl et al.,
2013). Third, measures of adaptation and mitigation
can have conflicting or synergetic effects which are
often diffuse and volatile due to the stochastic na-
ture of ecosystem processes and the heterogeneity
of site conditions (Falloon and Betts, 2010). It is
therefore not clear ex ante if adaptation and mitiga-
tion measures are complementary, conflicting or
independent of each other.

Therefore, we quantitatively analyse how agricul-
tural adaptation to different climate change scenari-
os until 2040 affects GHG emissions of the agricul-
tural sector in Austria.

METHODOLOGY

We apply a spatially explicit integrated modelling
framework (IMF) which sequentially links the Austri-
an Climate model based on Linear Regression Meth-
ods ACLiReM (Strauss et al., 2013), the agronomic
crop rotation model CropRota (Schénhart et al.,
2011), the biophysical process model EPIC (Wil-
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liams, 1995), and the spatially explicit bottom-up
agricultural and forestry sector model PASMAgid,
which is based upon PASMA (Schmid et al., 2007).
The IMF allows us to quantify climate change im-
pacts on yields and environmental outcomes consid-
ering the natural and economic heterogeneity of
agricultural production in Austria.

Four climate change scenarios are used for the
analysis. They all share a temperature increase of
1.5 °C from 2008 to 2040 but differ with respect to
precipitation patterns, i.e.:

e High: +20% annual precipitation sums

e Similar: assuming similar distributions of precipi-
tation sums compared to the past

e Shift: 20% decrease in summer precipitation
sums and respective increase in winter

e Low: -20% annual precipitation sums

We consider the period 2025-2040 and keep
prices, costs, and agricultural policies constant in
order to quantify pure climate change impacts and
adaptation.

GHG emissions are calculated using the IMF mod-
el output. We have developed a GHG module that
resembles the accounting methods of the Austrian
National Inventory Report (AIR) for GHG emissions
of the agricultural sector (Anderl et al., 2013). The
PASMA4iq1 production activities relevant for GHG
emissions (e.g. fertilizer use, legume area, livestock
production) are used in the GHG module to calculate
total GHG emissions for each scenario. Total GHG
emissions from agriculture comprise of (1) enteric
fermentation (ca. 43%), (2) manure management
(ca. 16%), (3) soil emissions (ca. 41%), and (4)
field burning (less than 1%). Almost all necessary
GHG activities can be represented by PASMA(gq;
except the distribution and usage of different ma-
nure management systems which are therefore kept
constant. Field burning is illegal in Austria.

The GHG module has been successfully validated
for the reference year 2008 using both AIR produc-
tion activity data (difference of -0.2% to the official
total GHG emissions from the agricultural sector) as
well as PASMA4q) production activities (difference of
-5.5%). Discrepancies between PASMA4q; activities
and AIR occur due to different activity levels and
livestock categories. The difference with regard to
GHG emissions remains reasonably small.



REsuULTS

Table 1 provides major IMF results on agricultural
adaptation to the climate change scenarios. EPIC
simulations show an overall increase in yields. This
leads to an increasing marginal added-value of ferti-
lizer use in PASMA4riq; and hence more fertilizer use
at national level but with ample regional differences.

In addition, we also observe an increase in more
intensive soil management measures as well as
decreases in the application of winter cover crops in
Similar, Shift and Low. The decline of winter cover
crops in these scenarios could be related to an in-
creased competition for water resources between
cash and winter cover crops in some areas. Finally,
changes in livestock production or crop choices re-
main negligibly small among the scenarios.

Table 1. Changes in management measures in %.

Climate change scenarios

Management measures High Similar Shift  Low
. High intensity 64 36 35 8
Fertilizer i i
) . a Moderate intensity 2 9 6 4
intensity’ ) ’
Low intensity -24 -21 -19 -11
Soil Standard tillage 11 15 13 20
oi
p Reduced tillage -8 1 3 11
measure
Winter cover crops 3 -14 -15 -32

®Refers to fertilizer intensity on both crop and grassland.
PRefers to cropland only.

Changes in fertilizer intensity as well as soil man-
agement measures affect important environmental
indicators (see Table 2). As expected, due to intensi-
fication of land use more nitrogen is applied to agri-
cultural soils (from +1% in Low to +8% in High),
which correlates with small increases in total GHG
emissions (from +0% in Low to +3% in High). In
addition, we also observe changes in topsoil organic
carbon stocks (SOC) in agricultural soils. SOC is very
sensitive to the climate change scenarios as it is
highly influenced by changes in temperatures, rain-
fall, soil management measures, soil erosion pro-
cesses, and carbon residues from crops.

Table 2. Changes in environmental outcomes in %.

Climate change scenarios

Environmental indicators High Similar  Shift  Low

Nitrogen applied to soils 8 6 5 1

Total GHG emissions 3 2 1 0

Topsoil organic carbon stock -3 1 1 4
Similar

Change in
GHG emissions
<-10%
-10% to -1%
1% 10 1%
% 10 10%
. 0%

Shift Low
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Figure 1. Change in total GHG emissions at NUTS3 in %.
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Notably, our spatially explicit IMF reveals considera-
ble regional differences. Particularly in the eastern
semi-arid crop production regions, agricultural adap-
tation leads to lower fertilizer inputs and thereby
also lower GHG emissions (Figure 1).

CONCLUSION AND OUTLOOK

Our analysis shows that adaptation measures in
agriculture can have considerable impacts on GHG
emissions. These impacts differ by climate change
scenario and the heterogeneity of agricultural pro-
duction in Austria. At national level, climate change
could lead to slightly higher GHG emissions from the
agricultural sector until 2040. Further, the higher the
GHG emissions in the scenarios the lower is the SOC
in agricultural soils. Although not accounted for in
the AIR, changes in SOC in agricultural soils can
substantially affect GHG emissions. This strongly
indicates that adaptation and mitigation measures
are interdependent.

Future analyses will focus on agri-environmental
measures to incentivize farmers to adopt mitigation
measures (e.g. low fertilization and winter cover
crops). This allows us to (i) trace the effects of miti-
gation measures; and (ii) reveal measures and re-
gions with low marginal abatement costs.

ACKNOWLEDGEMENT

This research has been supported by the project
CC2BBE (Vulnerability of a bio-based economy to
global climate change impacts) funded by the Aus-
trian Climate and Energy fund within ACRP, and has
been prepared in the framework of the Doctoral
School Sustainable Development of the University of
Natural Resources and Life Sciences Vienna.

REFERENCES

Anderl, M., et al. (2013). Austria’s National Invento-
ry Report 2013. Report No. 0416. Vienna: Environ-
ment Agency Austria.

Bindi, M. and Olesen, J.E. (2011). The responses of
agriculture in Europe to climate change. Reg. Envi-
ron. Change 11, 151-158

Falloon, P. and Betts, R. (2010). Climate impacts on
European agriculture and water management in the
context of adaptation and mitigation—The im-
portance of an integrated approach. Sci. Total Envi-
ron. 408, 5667-5687.

Schmid, E., Sinabell, F. and Hofreither, M.F. (2007).
Phasing out of environmentally harmful subsidies:
Consequences of the 2003 CAP reform. Ecol. Econ.
60, 596-604.

Schoénhart, M., Schmid, E. and Schneider, U.A.
(2011). CropRota - A crop rotation model to support
integrated land use assessments. Eur. J. Agron. 34,
263-277.

Strauss, F., Formayer, H. and Schmid, E. (2013).
High resolution climate data for Austria in the period
2008-2040 from a statistical climate change model.
Int. J. Climatol. 33, 430-443.

Williams, J. (1995). The EPIC Model. In: Singh, V.P.
(Ed.). Computer Models of Watershed Hydrology, pp.
909-1000. Colorado: Water Resources Publications.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


