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Urban climatemodellingwithin theprojectADAPT-UHI

ÅIdentifying ĸHot spotsĶ with past and future climate 
simulations of each city

ŀ Mödling(21 000 inh.),

ŀ Salzburg(152 000 inh.)  

ŀ Klagenfurt (100 000 inh.)

Å Modelling local climate with local building typology and 
vegetation 

ŀ Using actual landuse- and landcovermaps (URBAN ATLAS, 
Land Information System Austria and City government) as 
input for the microscale model MUKLIMO_3(DWD) with 
varying grid size cell (from 20 to 100 m)

Å Climate adaptations: simulation of changes in energy balance 
at the surface

ŀ Evaluation of the effectivity of each adaptation measure

ADAPT-UHI, EGU 2019



3D Microscale Urban KLImaMOdell (Sieversand Zdunkowski, 1986; Sievers, 1990; Sievers, 1995) 

Å Resolution: horizontal 20-200 m, vertical 10 ı100 m
Å Input: Evaluation model, meteorological and landusedata
Å Output: Diurnal cycle of wind, air temperature and relative humidity, 

short und longwave radiation 
Å Using cuboid method to derive climate indices (Früh et al., 2010) 

Urban climatemodelMUKLIMO_3
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Landuse- andlandcoverdataset

shownfor Klagenfurt
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Landuseclassification- Klagenfurt

Å Initial landuseclassificationof URBAN ATLAS (100 m spatialresolution) 09.04.2019
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Error sourcein landuse/landcover- Klagenfurt 

Å ReducingerrorsfromURBAN ATLAS andcity datasetsusinglandcoverdataof LISA

LISA (2016)OrthophotoıPart of Klagenfurt
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Treecoverdensity[%] 
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Landuseclassification- Klagenfurt

Å Newlanduseclassificationwith LISA dataset(Land Information System Austria) 09.04.2019
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Landuseclassification- Klagenfurt

Å Initial landuseclassificationof URBAN ATLAS 09.04.2019
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Average number of summer days/year (1981-2010) 
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Withnew, reclassifiedlanduseclass. With initial landuseclass. (URBAN ATLAS)
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Differencein summerdays/year(1981-2010)
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Reference simulations

shownfor Klagenfurt, Salzburg andMödling
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Reference simulationsfor Klagenfurt, Salzburg andMödling

Average numberof summerdaysper year
(1971ı2000) 

ADAPT-UHI, EGU 2019

Station Meas. Model Bias

Airport Salzburg 50.8 47.6 -6%
Airport Klagenfurt 54.6 52.5 -4%

Gumpoldskirchen 56.0 57.6 +3%



09.04.2019
Slide 13

Reference simulationsfor Klagenfurt, Salzburg andMödling

Average numberof summerdaysper year
(1981ı2010) 

ADAPT-UHI, EGU 2019

Station Meas. Model Bias
Airport Salzburg 54.8 53.7 -2% (-6%)

Airport Klagenfurt 62.8 62.4 -1% (-4%)
Gumpoldskirchen 62.1 66.8 +7% (+3%)



Future scenarios(RCPs)

shownfor Klagenfurt, Salzburg andMödling
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Climateprojectionswith RCP 4.5 und 8.5

1971-2000 2021-2050 2071-2100

Average numberof summerdays/year(TmaxƑ 25 °C), ensembleaverage(RCP 8.5)

ADAPT-UHI, EGU 2019

Å EURO-CORDEX - Coordinated Downscaling 
Experiment - European Domain (EUR-11)
ŀ CNRM-CERFACS-CNRM-CM5

ŀ ICHEC-EC-EARTH
Á KNMI-RACMO22E

Á SMHI-RCA4

Á DMI-HIRHAM5

ŀ IPSL-CM5A-MR

ŀ MOHC-HadGEM2-ES

ŀ MPI-M-MPI-ESM-LR

ŀ NCC-NorESM1-M
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Future scenarios, IPCC RCP4.5

min.: 1.5 max.: 78.6 avg.: 62.7SD

min.: 5.8 max.: 96.1 avg.: 80.3 SD

min.: 9.0 max.: 103.8 avg.: 88.3SD

ADAPT-UHI, DACH 2019

min.: 0.1 max.: 64.0 avg.: 43.9SD min.: 13.8 max.: 68.9 avg.: 54.5SD

MödlingSalzburgKlagenfurt

2021-
2050

min.: 23.3 max.: 86.5 avg.: 71.0 SD

min.: 28.9 max.: 93.8 avg.: 78.0SD

min.: 0.5 max.: 81.4 avg.: 59.8 SD

min.: 3.7 max.: 90.6 avg.: 67.9SD

1971-
2000

2071-
2100

avg. meansaverage
numberinsidethe black
square
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Future scenarios, IPCC RCP8.5

min.: 1.5 max.: 78.6 avg.: 62.7SD

ADAPT-UHI, DACH 2019

min.: 0.1 max.: 64.0 avg.: 43.9SD min.: 13.8 max.: 68.9 avg.: 54.5SD

MödlingSalzburgKlagenfurt

2021-
2050

1971-
2000

2071-
2100

min.: 5.8 max.: 98.0 avg.: 81.4 SD

min.: 9.0 max.: 126.8 avg.: 112.5SD

min.: 0.5 max.: 81.2 avg.: 59.6 SD

min.: 3.7 max.: 115.6 avg.: 93.2SD

min.: 23.3 max.: 87.8 avg.: 72.1SD

min.: 41.2 max.: 116.2 avg.: 101.5SD

avg.means average 
number inside the black 
square



Climate adaptation measures

shownfor Klagenfurt, Salzburg andMödling
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AdaptationsforĸWhite CityĶ andĸGreen CityĶ

Å Potentiallyrealizableadaptationoptionsfor all 3 cities

ŀ Albedo imperviousareas from0.2 to 0.4 (LU-classes1 bis 7, 13 bis 17)

ŀ Albedo of walls from0.3 to 0.5 (LU-classes1 bis 7)

ŀ Albedo of roofs from0.2 to 0.5 (LU-classes1 bis 7)

ŀ Imperviousareas -30% (LU-classes1 bis 6)

ŀ Amountof greenroofs 50% (LU-classes3, 4, 5 und 7)

ŀ Amountof trees +50% (LU-classes8 bis 10 und 15 bis 19)

ŀ Low vegetationincreased from85% to 100% (LU-classes1 bis 7)

NÖM

JAHN Stuttgart, researchgate

greenroofsaustralasia

archiexpo

ADAPT-UHI, EGU 2019



09.04.2019
Slide 20

Climateadaptationsfor Mödling

ADAPT-UHI, EGU 2019

Differencein averagenumberof summerdaysper year(1981-2010) 
througha combinationof climateadaptationmeasures

ҟ{ǳƳƳŜǊdays
Adaptation Avg. % Min. %

ὥÒÏÏÆ=0.5 -1.5 -2.1 -3.7 -4.4

ὥ×ÁÌÌ=0.5 -0.9 -1.3 -2.8 -3.3

ὥÓÔÒÅÅÔ=0.4 -0.8 -1.3 -3.6 -4.4
Impervious 
area -30%

-0.3 -0.4 -1.7 -2.7

Green roofs
50%

-0.5 -0.7 -1.8 -2.6

Numberof
trees+50%

-0.7 -1.0 -6.8 -11.0

Low
vegetationto

100%
-0.5 -0.7 -1.9 -2.7

Combination -5.0 -7.3 -9.9 -13.2
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Climateadaptationsfor Klagenfurt

ADAPT-UHI, EGU 2019

Differencein averagenumberof summerdaysper year(1981-2010) 
througha combinationof climateadaptationmeasures

ҟ{ǳƳƳŜǊdays
Adaptation Avg. % Min. %

ὥÒÏÏÆ=0.5 -2.7 -4.1 -6.4 -8.4

ὥ×ÁÌÌ=0.5 -0.9 -1.4 -3.3 -4.3

ὥÓÔÒÅÅÔ=0.4 -2.1 -3.2 -5.6 -7.3
Impervious 
area -30%

-0.7 -1.1 -2.0 -2.7

Green roofs
50%

-1.3 -1.9 -4.7 -6.5

Numberof
trees+50%

-0.5 -0.7 -3.5
-5.8 to
-8.2

Low
vegetationto

100%
-0.7 -1.0 -2.7 -4.9

Combination -9.1 -13.6 -15.1 -18.5
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Climateadaptationsfor Salzburg

ADAPT-UHI, EGU 2019

Differencein averagenumberof summerdaysper year(1981-2010) 
througha combinationof climateadaptationmeasures

ҟ{ǳƳƳŜǊdays
Adaptation Avg. % Min. %

ὥÒÏÏÆ=0.5 -4.2 -8.3 -9.8 -14.5

ὥ×ÁÌÌ=0.5 -2.0 -4.0 -4.4 -12.9

ὥÓÔÒÅÅÔ=0.4 -2.4 -4.8 -7.0 -13.2
Impervious 
area -30%

-1.4 -2.8 -4.4 -12.9

Green roofs
50%

-2.7 -5.3 -6.3 -13.1

Numberof
trees+50%

-1.6 -3.2 -7.0 -20.8

Low
vegetationto

100%
-2.1 -4.1 -4.1 -6.0

Combination -11.5 -22.8 -19.3 -28.5
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Motivation for furtheractivitiesin Klagenfurt

Picture ĸThe unabatedgravityof nature" (1971), Max Peintner

Å Forestin soccerstadium(art installationin Klagenfurt)

kaernten.orf.at

ADAPT-UHI, EGU 2019
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Afforestationin thesouth-west of Klagenfurt

Differencein averagenumberof summerdaysper year(1981-2010) comparedto reference

ADAPT-UHI, EGU 2019

Stadium


