


Investigating the effect of a
dedicated scheme for
urban areas (TERRA_URB)
In a kilometre-scale ICON
forecasting configuration

Yann von der Weid — Master’s Thesis

Supervised by: Dr. Christian R. Steger / Prof. Dr. Oliver Fuhrer
28th COSMO General Meeting

15.09.2026




w MeteoSwiss

ICON Model Configuration

* 1 km resolution (also 500 m)

* Deterministic forecasts

* 48h lead time

* Verification 24-48 h (spin-up)

* Verification with default MCH
stations & urban station selection
* Domain: Alps

* Rest according to standard operational
MCH configuration
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Urban Station selection

Il 11 - Consolidated surfaces [0 17 - Mix of small structures I 35 - Permanent garden plants and brush crops
Il 12 - Buildings [ 21 - Grass and herb vegetation Il 41 - Closed forest
N 13 - Greenhouses N 31 - Shrubs Bl 42 - Forest edges
" 14 - Gardens with border and patch structures [l 32 - Brush meadows Il 43 - Forest strips
15 - Lawns B 33 - Short-stem fruit trees B 44 - Open forest
BN 16 - Trees in artificial areas 0 34 - Vines N 45 - Brush forest

05.05.26 Master Seminar 2 - Yann von der Weid

46 - Linear woods
47 - Clusters of trees
51 - Solid rock

52 - Granular soil

53 - Rocky areas

e 20 stations

61 - Water

62 - Glacier, perpetual snow
63 - Wetlands

64 - Reedy marshes
Stations
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Difference TUT-TUF

2025-08-13T05:00 2m Temperature [K]
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Difference TUT-TUF

2025-08-13T05 Lead-time: 54 h

2m Temperature [K]
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Land-Cover Comparison Reference Zurich

15.09.26

Latitude

Reference

47.44

47.42

47.40

47.38

47.36

47.34

47.32

47.30

28.8 % urban

8.550 8575 8.600 8.625
Longitude

Arealstatistik NOLC04 100m

14 - Gardens with border and patch structures Il

15 - Lawns

W 16 - Trees in artificial areas -
17 - Mix of small structures -
21 - Grass and herb vegetation -

W 31 - Shrubs

W 32 - Brush meadows W 36 - Linear woods.

33 - Short-stem fruit trees
34 - Vines

35 - Permanent garden plants and brush crops.
41 - Closed forest

42 - Forest edges

43 - Forest strips.

44 - Open forest

- Clusters of trees
52 - Granular sail
53 - Rocky areas

61 - water

63 - wetlands.

64 - Reedy marshes
Partner stations

I Urban
B Anthropogenic
EEl Forest
N Water
Other

Latitude

GlobCover2009

GlobCover 2009 300m

47.32

8.450 8.475 8.500 8.525 8.550 8.575 8.600

Longitude

GlobCover 2009 300m
W 50 - Open needieleaved decid.jevergr. forest
100 - Closed to epen mixed broadl./neediel. forest
110 - Mosaic forest-shrubland (50-70%) / grassland (20-50%)
BN 120 - Mosaic grassland (50-70%) / forest-shrubland (20-50%)
140 - Closed to open grassland

14 - Rainfed croplands
20 - Mosaic cropland (S0-70%) / vegetation (20-50%)
30 - Mosaic vegetation (50-70%} / cropland (20-50%)
W 50 - Closed broadleaved deciduous forest
W 70 - Closed needleleaved evergreen forest

20.5 % urban

150 - Sparse vegetation
W 190 - Artificial surfaces (urban
200 - Bare areas

N 210 - Water bodies

Partner stations

Il Urban
N Forest
. Water

Other



Land-Cover Datasets Comparison Zurich

Reference

ealstatistik NOLCO4 100m

8550 8575
Longitude

tistik NOLCO4 100m
- Prar——

Femanen garden pians and

fores edoes
G 3nd herd vegetation - et stres - Rosay marshes

Urban
Anthropogenic

15.09.26

GlobCover2009

S 20 Open nadiolevin o peveryr ot

8550 .4 8625
Longitude

ECOCUMAP-SG 300m
erate oot seciducus
empecsts nevdieins svergrean

cmpct hghrme W 31

mpersce grasand 2. Cempoct mure e

Urban
Anthropogenic

ECO-SG-ML
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CLC+ Backbone 10m

8.475 8.500 8525 8550
Longitude

CLC+ Backbone 10m
- s -
20 Weody needhe leaved trees

- Urban
- Forest
[

Other




Latitude
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Land-Cover Datasets Comparison

Reference GlobCover2009
Arealstatistik NOLC04 100m 5.1 % urban GlobCover 2002 300m 0.9 % urban

47.75 4 47.75 -
47.50 47.50 -
47.25 47.25 A
47.00 47.00 -

()

T

=
46.75 - T 46.757

—
46.50 - 46.50 1
46.25 4, 46.25 1
46.00 - 46.001

6 7 8 9 10
Longitude Longitude
10
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Land-Cover Datasets Comparison

Land Cover distribution — Switzerland

CLC+ Backbone 10m _. 58.2%
Arealstatistik NOLCO4 100m o moew  asw 54.0%

0 20 40 60 80 100
Fraction [%]

Il Urban I Anthropogenic Il Forest Il Water Ice & Snow Other
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Latitude

g MeteoSwiss

ombining GlobCover2009 & ECO-SG-ML

GlobCover2009

GlobCover 2009 300m

47.44
47.42
47.40
47.38
47.36
47.34

47.32

8.450

8.475

8.525 8.550

Longitude

GlobCover 2009 300m
90 - Open needleleaved decid./evergr. forest
100 - Closed to open mixed broadl. /needlel. forest
110 - Mosaic forest-shrubland (50-70%) / grassland (20-50%)
120 - Mosaic grassland (50-70%) [ forest-shrubland (20-50%)
140 - Closed to open grassland

14 - Rainfed croplands

- Masaic cropland (50-70%) | vegetation [20-50%)
- Masaic vegetatian (50-70%) / cropland (20-50%)
W 50 - Closed broadieaved deciduous farest

W 70 - Closed needleleaved evergreen forest

20.5 % urban

150 - Sparse vegetation

47.44 4

47.42 4

47.40

=
™~
w
@

Latitude

47.36 4

ECOCLIMAP-5G 300m

W 190 - Artificial surfaces (urban >50%)

200 - Bare areas
W 210 - Water bodies

8.500

B 2 - Lakes

BN 8 - Temperate broadleaf deciduous
13 - Temperate needieleaf evergreen

BN 15 - Shrubs
17 - Temperate grassland

* Collapse GlobCover2009 to primary labels
secondary GlobCover label for this pixel

15.09.26

ECO-SG

22.2 % urban

Urban areas: Keep ECOCLIMAP LCZ (variable classes)

8.600

8.625

8.525 8.550 8.575
Longitude
ECOCLIMAP-SG 300m
19 - Winter C3 crops B 26 - LCZ3: Compact low-rise
20 - Summer C3 crops BN 28 - LCZS: Open midrise
w21 - C4 crops 29 - LCZ6: Open low-rise
W 24 - LCZ1: Compact high-rise 31 - LCZ8: Large low-rise
M 25 - LCZ2: Compact midrise 32 - LCZ9: Sparsely built

47.44

47.42

47.40

47.34

47.32

ECO-SG-ML

ECOCLIMAP-5G-ML 60m 37

% urban
. 3

8.550 8.625
Longitude

8.475 8.500 8.525 8.575

ECOCLIMAP-5G-ML 60m
W 15.0 - Shrubs.
17.0 - Temperate grassland
19.0 - Winter €3 crops
20.0 - Summer C3 crops
BN 21.0 - C4 crops.
24.0 - LCZ1: Compact high-rise
MW 25.0 - LCZ2: Compact midrise

B 1.0-Sea and oceans

20 - Lakes

3.0 - Rivers

0 - Bare land

0 - Temperate broadleaf deciduous
12.0 - Boreal needieleaf evergreen
13.0 - Temperate needleleaf evergreen
BN 14,0 - Boreal needleleaf deciduous

26.0 - LCZ3: Compact low-rise
27.0 - LCZ4: Open high-rise
28.0 - LCZS: Open midrise
29.0 - LCZ6: Open low-rise
31.0 - LCZ8: Large low-rise
32.0 - LCZ9: Sparsely built
33,0 - LCZ10: Heavy industry

Find for every ECO-SG-ML 60 m pixel closest GlobCover pixel with same primary label and use the
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LCZ10: Heavy industry
LCZ9: Sparsely built
LCZ8: Large low-rise
LCZ6: Open low-rise

LCZ5: Open midrise

LCZ4: Open high-rise

LCZ3: Compact low-rise

LCZ2: Compact midrise

LCZ1: Compact high-rise COCLIMAP.SG urban classes
No data (burnt areas, clouds,...) ¢

GlobCover
Permanent snow and ice

Water bodies

Bare areas
Artificial surfaces and associated areas (Urban areas >50%)

Closed to open (>15%) grassland or woody vegetation on regularly flooded or waterlogged soll - Fresh, brackish or saline water
Closed (>40%) forest or flooded - Saline or brackish water

Closed to open (>15%) broadleaved forest regularly flooded (semi-permanently or temporarily) - Fresh or brackish water
Sparse (<15%) vegetation

Closed to open (>15%) herbaceous vegeratian (grassland, savannas or lichens/mosses)

Closed to open (>15%) (broad| d or or deci ) shrubland (<5m)

Mosaic grassland (50-70%) / forest or shrubland (20- 50%)

Mosaic forest or shrubland (50-70%] / grassland (20-50%)

Closed to open (>15%) mixed broad\eaved and needleleaved forest (>5m)

Open (15-40%) el d or forest (>5m)

Closed (>40%) needleleaved evergreen forest (>5m)

Open (15-40%) deciduous for
Closed (>40%) broad|eaved deciduous forest (>5m)

Closed to open (>15%) broadleaved evergreen or semi-deciduous forest (>5m)
Masaic } (50-70%) / crapland (20-50%)
Mosaic cropland (50-70%) / ion (grasslar ) (20-50%)
Rainfed croplands

Post-flooding or irrigated croplands (or aquatic)

(=5m)

GlobCover (300 m)

GIobCover with ECOCLIMAP-SG-ML prlmary labels (60 m) ECOCLIMAP SG urban subclasses wlthin GlobCover urban pixels (60 m)

47.44°N

47.42°N

47.34°N

47.32°N

g.570%. BFH°E 8.525°E 8.55°E 8.575°E 8.6°E 8.625°E 8.46°E 8.49°E ‘ 8.52°E 8.55°E 8.58°E 861°E 8.64°E  8.46°E 8.49°E 7 8.52°E 8.55°E 8.58°E 8.61& 8.64°E
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Land-Cover classes comparison

Comparison of land-cover class fractions
Domain: Zurich

190 - Artificial surfaces (urban >50%) - +33.8%
50 - Closed broadleaved deciduous forest - -9.3%
120 - Mosaic grassland (50-70%) / forest-shrubland (20-50%) -9.3% |:
140 - Closed to open grassland - -7.3% |:
14 - Rainfed croplands - 5.8% [ |
110 - Mosaic forest-shrubland (50-70%) / grassland (20-50%) -1.5% I
30 - Mosaic vegetation (50-70%) / cropland (20-50%) A -1.2% [
—210 —|20 0 2IO 4|0

Fraction difference [%] (GlobCover ECO - GlobCover2009)
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Verification with urban Station Data

15.09.26

ME [degC]

MMOD [degC]

0.0

—0.3 1

—0.6 1

—-0.9 1

27.5 1

25.0 1

17.5 1

T_2M Verification June 2025
T_2M: ME, LT: 25-48

GC_TUF (ME=-0.5 degC)
—$— GC_TUT (ME=-0.5 degC)
—— GC_ECO_TUT (ME=-0.1 degC)

0 4 8 12 16 20
T_2M: MMOD, LT: 25-48

—— GC_TUF (MMOD=21.8 degC)

—6— GC_TUT (MMOD=21.9 degC)

—— GC_ECO_TUT (MMOD=22.2 degC)
—e— Observation (MOBS=22.3 degC)

0 4 8 12 16 20
Hour (UTC)
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Verification with urban Station Data

T_2M Verification June 2025 T_2M Verification January 2025
T_2M: ME, LT: 25-48 T_2M: ME, LT: 25-48
0.6 —¢— GC_TUF (ME=-0.3 degC)
Q\Q —&— GC_TUT (ME=-0.1 degC)
0.0 —— GC_ECO_TUT (ME=0.2 degC)
0.31
© 0.3 = G_M
35 $ 0.0
= = 4 %
= =
-0.6 1
—0.3
GC_TUF (ME=-0.5 degC)
—0.9 1 —©— GC_TUT (ME=-0.5 degC)
—— GC_ECO_TUT (ME=-0.1 degC) —0.6 1
0 4 8 12 16 20 0 4 8 12 16 20
T_2M: MMOD, LT: 25-48 T_2M: MMOD, LT: 25-48
27.5 1 -
—— GC_TUF (MMOD=21.8 degC) - 6.01 o GC_TUF (MMOD=2.7 degC) R
—6— GC_TUT (MMOD=21.9 degC) —6— GC_TUT (MMOD=2.9 degC)
—6— GC_ECO_TUT (MMOD=22.2 degC) —6— GC_ECO_TUT (MMOD=3.2 degC)
25.0 —e— Observation (MOBS=22.3 degC) —e— Observation (MOBS=3.0 degC)
— — 4.5
@) O
o 5
T 22.5 T
) [a)
S S 30
s 20.0 s
17.5 1
1.5 1
0 4 8 12 16 20 0 4 8 12 16 20
Hour (UTC) Hour (UTC)
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