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Scenarios for Hydrological and Scenarios for Hydrological and LandcoverLandcover
Modeling in Modeling in MountainousMountainous RegionsRegions
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Demand Demand forfor mediummedium--toto--large large scalescale
datadata andand scenariosscenarios

Approaches Approaches toto downscalingdownscaling
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Approaches Approaches toto downscalingdownscaling

Innovation Innovation andand improvementsimprovements
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Change in Change in monthlymonthly precipitationprecipitation
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ApplicationApplication DomainsDomains

ClimateClimate changechange impactimpact analysisanalysis
Hydrological Hydrological analysisanalysis

HydropowerHydropower
Irrigation potentialIrrigation potential
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gg
Land Land UseUse dynamicsdynamics
CarryingCarrying capacitycapacity

ScalesScales

GCM .. 150GCM .. 150--300km300km
RCM .. RCM .. tenstens ofof kmkm

LocalLocal Modeling   (Modeling   (catchmentcatchment, , 
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communitycommunity, …) .. 1km , …) .. 1km andand betterbetter

ScaleScale changechange isis not trivial!not trivial!

gu
re

s/
do

w
ns

ca
lin

g.
jp

g

>> www.oeaw.ac.at/GISciencewww.oeaw.ac.at/GIScience
Josef Strobl Josef Strobl andand AinuraAinura NazarkulovaNazarkulovaht

tp
://

w
w

w.
so

ut
hw

es
tc

lim
at

ec
ha

ng
e.

or
g/

fil
es

/c
c/

fig

SpatialSpatial DownscalingDownscaling

Downscaling is a method for obtaining highDownscaling is a method for obtaining high--resolution resolution 
climate or climate change information from relatively climate or climate change information from relatively 
coarsecoarse--resolution global climate models (GCMs). resolution global climate models (GCMs). 

Many impacts models require information at scales of 50 Many impacts models require information at scales of 50 
km or less, so some method is needed to estimate km or less, so some method is needed to estimate 
locally relevant information.locally relevant information.

Statistical downscaling first derives statistical Statistical downscaling first derives statistical 
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Statistical downscaling first derives statistical Statistical downscaling first derives statistical 
relationships between observed local scale variables relationships between observed local scale variables 
and larger (GCM) scale variables, using simulation and larger (GCM) scale variables, using simulation 
methods, regression analysis, or neural network methods, regression analysis, or neural network 
methods. Future values of variables obtained from GCM methods. Future values of variables obtained from GCM 
projections of future climate are then used to drive the projections of future climate are then used to drive the 
statistical relationships and so estimate the local details statistical relationships and so estimate the local details 
of future climate.of future climate.
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Approaches Approaches toto DownscalingDownscaling

FromFrom GCM GCM toto Regional Regional C.ModelsC.Models
= ‚= ‚dynamicaldynamical downscalingdownscaling‘‘
Statistical Statistical DownscalingDownscaling

Interpolation (Regression, Interpolation (Regression, KrigingKriging, …), …)

FromFrom GCM GCM toto Regional Regional C.ModelsC.Models
= ‚= ‚dynamicaldynamical downscalingdownscaling‘‘
Statistical Statistical DownscalingDownscaling

Interpolation (Regression, Interpolation (Regression, KrigingKriging, …), …)
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NeuralNeural NetworksNetworks
Support Support VectorVector MachinesMachines
GISGIS--basedbased / / numericalnumerical rulesrules

SensitivitySensitivity AnalysisAnalysis

NeuralNeural NetworksNetworks
Support Support VectorVector MachinesMachines
GISGIS--basedbased / / numericalnumerical rulesrules

SensitivitySensitivity AnalysisAnalysis
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Key Key AssumptionsAssumptions

ClimateClimate changechange ‚‚signalsignal‘ ‘ availableavailable
Region / Region / locallocal behaviorbehavior isis knownknown andand
will not will not changechange significantlysignificantly
((stablestable relationshiprelationship predictorpredictor--predictandpredictand))
SS //

>> www.oeaw.ac.at/GISciencewww.oeaw.ac.at/GIScience
Josef Strobl Josef Strobl andand AinuraAinura NazarkulovaNazarkulova

ScalingScaling / / calibrationcalibration parametersparameters areare
availableavailable
RelationshipsRelationships areare retainedretained
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Inputs Inputs toto DownscalingDownscaling

Digital Terrain ModelsDigital Terrain Models

Sensor Sensor datadata

Area (Area (catchmentcatchment) ) balancesbalances
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Area (Area (catchmentcatchment) ) balancesbalances

GradientsGradients, , andand

.. .. otherother ‚‚rulesrules‘‘
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Special Special CasesCases

Extreme Extreme eventsevents

Change in Change in principalprincipal patternspatterns
Different Different feedbackfeedback mechanismsmechanisms
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PredominancePredominance ofof locallocal climatesclimates

Global ChangeGlobal Change––
Future EnvironmentsFuture Environments
Global ChangeGlobal Change––

Future EnvironmentsFuture Environments
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Future EnvironmentsFuture EnvironmentsFuture EnvironmentsFuture Environments

Geoinformatics – our main set of tools!Geoinformatics – our main set of tools!


