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Table S1. The most important namelist settings of the COSMO model configuration used in the study.
For the details, please, refer to COSMO User Guide.

Namelist | Parameter | Value | Meaning | Comment
RUNCTL | dt | 10 | Time step [seconds] |
loldtur false | Switch for new ICON-based physical
PHYCTL package (false means than is activated)
- - Suggested based on
itype_vdif 1 Parameter to choose the type of preliminary test simulations
vertical diffusion calculation (-1 means
that turbulent diffusion is computed at
the end of the physics as in ICON)
itype_conv 3 Type of convection parameterization (3 | Typical for
means shallow convection scheme) convective-permitting
simulations
lemiss true Switch to use an external surface
ssivit
em%ssw1 y map — Recommended value for
Istomata true SW}tCh to use a minimum stomata ICON-based physics
resistance map for plants
itype_albedo | 3 Switch to choose the type of solar Recommended by
surface albedo (3 means to use the Jan-Peter Schults
MODIS-derived external fields, which | (DWD) in personal
give average values for every month) communication
itype_aerosol | 2 Switch to choose the type of aerosol
2 t Te 1
zrllig)a(tolr:)l ;;;1 5 fo Uise fegen aeroso Recommended value for
. ICON-based physics
itype_root 2 Parameter to select the type of root
distribution (2 means exponential
profile)
3 Parameter to select the type of soil heat
itype_heatcond conductivity
itype_evsl 4 Parameter to select the type of
parameterization for evaporation of
bare soil (4 means a new resistance
approach (Schults and Vogel, 2020)).
itype_canopy | 2 Switch to activate the skin-layer Selected based on
temperature formulation (Schults and | preliminary test
Vogel, 2020) simulations
rat_sea 7 Ratio of laminar scaling factors for heat
TUNING over sea and land
Recommended value for
a_hshr 2 Length scale factor for separate ICON-based phvsi
horizontal shear production of TKE “based physics
tkhmin & 0.75 Minimal diffusion coefficients for
tkhmi t heat active in stabl
i gzr(;iir;r?sm / heat active in stable Hardcoded default for
5.05 is used istead of
pat_len 100 Length scale [m] of sub-scale surface
attorns over land recommended value for
P for ICON-based physics
c_soil 1 Surface area density of the
(evaporative) soil surface
crootdp2 25 Scaling factor for rooting depth Introduced in COSMO
(similar to fac_rootdp2 in 5.0_clm 5.05urb according to
version) previous modelling
experience
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Figure S1. Spatial distribution of the nocturnal (21, 00 UTC) UHI intensity (temperature anomaly with
respect to mean rural value), averaged over selected period in June 2019 according to observations at
WSs (circle markers), AAQS (square markers) and modelling results (colored background) for DEF (a),
LCZa (b), LCZb (c), REFla (d), REF1Db (e), REF2b (f) model runs.
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Table S2. Daily-mean, nighttime (21, 00 UTC) and daytime (9, 12 UTC) modelled temperatures,
averaged over selected sub-periods in August 2017 and June 2019 for urban grid cells within the
major part of the city (within Moscow administrative borders for the year of 2011, that approximately
corresponds to Moscow Ring Road) and within the central part of the city (within a distance of 5 km
from Kremlin, that approximately corresponds to Third Ring Road), and the pairwise temperature
differences between the model runs.

Summer 2019 Summer 2017
Model run Daily-mean Daytime Nighttime Daily-mean Daytime Nighttime
temperature = temperature = temperature | temperature = temperature = temperature
City Center City Center City Center| City Center City Center City Center
LCZa 225 232 265 269 190  20.1 213 219 249 253 18.6 194
LCZ1b 225 232 262 265 194 2051 213 219 245 248 18.9 19.8
REF1a 228 238 266 272 194 210 216 225 251 25.7 190 202
REF1b 227 237 263 268 197  213] 216 225 248 253 193 205
REF2a 230 239 267 273 197 212 218 227 252 258 193 204
REF2b 229 238 264 269 200 215 218 226 249 253 195 206
Pairwise differences between the model runs
REF1a-LCZa
REF1b-LCZb

LCZ1b-LCZ1a
REF1b-REF1a
REF2b-REF2a
REF2a-REF1a
REF2b-REF1b

0.14
0.12

0.17
0.16

0.12
0.11

0.13
010  0.08

0.21
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Figure S2. Comparison between observed and modelled daily-mean temperatures, averaged over the
selected period in August 2017 for DEF (a), LCZa (b), LCZb (c), REF1a (d), REF1b (e), REF2b (f) model
runs. Circle and square markers represent the WSs and AAQSs respectively, the color of the marker

represent the ISA for the corresponding grid cells (blue-to-yellow colormap indicate ISA values from 0

to 100%). Red dotted lines indicate the linear trends, and digits at the lop left corners indicate trend

determination coefficient RZ, slope coefficient k and model mean error ME.
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Figure S3. Same as Figure S2, but for daily-mean temperatures for selected sub-periods in June 2019.
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Figure S4. Same as Figure S2, but for mean nocturnal (21, 00 UTC) temperatures for selected

sub-periods in June 2019.
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Table S3. Model verification scores for air temperature.

Temperature RMSE Temperature ME
Period and Model Rural Urban sites Ce.nt.ral city sites Rural -Urban sites Ce_ntral city sites
time of the Al sites (within 25 km from  (within 5 km from Al sites (within 25 km from  (within 5 km from
run
day sites the center) the center) sites the center) the center)
WS WS AAQS Al WS AAQS Al WS WS AAQS Al WS AAQS Al

DEF 1.60 1.49ﬁ 154 170 117 120 120 | 056 0.01 030 062 058

LCZa | 130 141 139 119 124 116 112 112| 031 050 009 021 018 -047 040 -040
August [LCZb | 131 142 146 118 125 121 105 107 | 031 050 008 021 018 051 043 044
2017, |REF1a | 130 140 142 118 124 | 105 106 106| 007 033 014 013 013 016 001 -0.01
alltimes |REF1b | 132 142 15 118 126 111 401 102 009 -034 009 010 010 020 004 -0.08
REF2a | 132 140 147 120 128 105 106 106| 002 029 021 024 024 009 011 0.09
REF2b | 133 142 154 120 129 142 401 102| 000 030 021 021 020 014 007 004
DEF | 182 165 ﬁ 168 196 116 114 1.5 o.7o_m
LCZa | 13 133 13 133 134 094 131 127 | 021 013 034 045 026 -049 091 -085
August 1y czp | 132 134 141 126 130 079 112 108 | 003 008 057 016 002 013 059 -053
m;g:;me REF1a | 136 140 151 127 133 084 112 109| 011 o014 064 -005 012 003 -0.38 -0.34
(21,24uTc) [REF1b | 137 142 188 127 134 [08 106 108 024 019 074 017 031 021 015 011
REF2a | 138 142 158 130 137 087 110 108 | 022 0200 071 010 025 007 -024 -0.20
REF2b | 141 142 167 132 140 080 106 1.04| 037 024 033 047 031 001 005
DEF | 126 119 110 | 140 133 1.10 E 140 | 028 038 007 072 0.15

LCZa | 142 124 120 | 102 106 109 107 1.07| 020 -05 050 015 001 -028 026 0.19
August |)czp | 145 127 131 102 109 134 107 110 | 042 060 072 021 03 08 020 028
d:g:;’le REF1a | 143 121 112 109 110 108 117 146 | -0.05 -048 036 039 021 -0.14 048 040
(9,12uTc) |REF1b [ 113 124 122 (408" 107 121 108 10| 026 054 0§ 006 010 08 008 000
REF2a | 145 121 141 143 112 109 119 117 | 001 045 028 047 029 010 056 047
REF2b | 112 123 119 | 108 107 121 107 108 | -021 052 049 011 -004 054 012 003
DEF | 205 200 ﬁ 198 214 187 164 167 | 079 o.sgm
LCZa | 180 189 173 173 173 164 170 169 | 002 018 028 013 -004 -008 037 033
LCzb | 179 18 176 170 172 163 158 159 | 001 017 024 015 005 011 041 -0.37
REF1a | 180 191 177 170 172 166 157 158 | 018 024 038 013 020 048 001 006
REF1b | 179 191 1.8 168 171 168 | 150 15| 018 025 039 011 018 042 006 001
REF2a | 181 1% 181 171 173 170 15 158 | 029 030 05 028 03 05 011 0.18
REF2b | 181 191 18 170 174 168 | 149 152] 028 0% 050 025 031 047 004 010

DEF 247 238 ﬁ 229 265 217 161 169 0.30 0.47

June 2019,
all times

LCza | 195 198 200 191 194 134 18 179| 018 05 070 028 -0.03 -0.12- 0.93
June2019, [LCZb | 195 201 210 187 193 \& 169 163 | 038 003 027 023 069 -056
nighttime |REF1a | 199 207 214 187 194 170 164 165| 045 0.07 082 048 -0.29
(21,24UTC)IREF1b | 199 207 220 18 195 18 155 159 062 080 0.33 025 0.08
REF2a | 202 211 223 189 19 174 15 160 | 062 0.31 031 013

REF2b | 204 212 234 191 202 185 151 15
DEF | 174 18 165 177 174 173 170 170
LCZa | 157 | 179 144 144 14 146 138 139
June2019, [LCZb | 153 476 143 138 139 137 127 128

0.57 -0.03

032 021 024 020 027 027

daytime |REF1a | 1.60 \ 180 147 149 148 158 141 144 063 0.72
(9,12UTC) [REF1b | 155  4.78 143 141 141 144 130 1.32 047 042
REF2a | 1.60 \ 180 150 149 149 165 149 151 065 079
REF2b | 154 ' 177 148 139 141 144 129 131 049 048

DEF | 175 194 15 15 15 135
LCZa | 222 204 18 244 233 231
Janyary |LCZb | 224 204 187 247 236 235 26
2017, |REF1a | 171 189 144 156 154 125 145 143 | 057 045
alltimes |ReF1b | 172 189 144 157 155 | 126 147 145 | 059 -0.46
REF2a | 170 189 143 153 151 128 143 141 | 054 043
REF2b | 171 189 144 15 153 | 125 145 143 | 056 -0.44

1.52
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Table S4. Model verification scores for UHI intensity, defined as a temperature anomaly with respect
to the mean rural temperature.

UHII RMSE UHII ME
Period and Model Rural Urban sites Ce:nt!'al city sites Rural .Ul.'ban sites Ce.nt!'al city sites
time of the Al sites (within 25 km from  (within 5 km from Al sites (within 25 km from (within 5 km from
run
day sites the center) the center) sites the center) the center)
WS WS AAQS Al WS AAQS Al WS WS AAQS Al WS AAQS Al
DEF 151 121 [ 202 164 173 124 14 142 069 013 -0.16 043 074 0.70

LCZa | 118 108 131 124 126 118 123 12| 020 001 010 030 033 004 011 010
August |LCZb | 145 108 134 117 121 143 408 109 019 000 010 029 03 001 008 007
2017, |REFMa | 121 [ 140 131 129 129 114 127 126 023 003 -020 043 043 014 031 029
alltimes |REF1p | 118 440 132 121 124 [ 411 115 144 020 -005 022 039 039 009 025 023
REF2a | 124 111 137 133 134 115 129 128| 033 001 013 055 05 022 042 039
REF2b | 120 411 137 125 128 140 117 116] 030 001 014 051 051 015 036 034
DEF 152 140 | 282 | 138 161 0% 103 101| 050 018 018 047 078 008 -0.14 -0.11
LCza | 121 120 128 121 123 08 12 118| 007 001 002 031 011 -035 076 -071
August Niczn | 121 120 135 147 122 | 076 108 104| 006 001 003 007 011 004 050 -044
nlzg:;me REFfa | 123 123 132 120 123 087 117 113| 009 006 022 025 -008 -023 -058 -0.54
(21,24UTc) |[REF1b | 128 125 137 118 122 (082 110 107| 003 008 031 010 004 006 042 038
REF2a | 124 125 138 121 125 08 113 109| 002 000 018 010 005 -013 -044 -0.40
REF2b | 124 125 143 120 125 082 107 104| 009 0.4 021 005 019 003 -027 -0.23
DEF 126 099 107 | 157 145 100 160 153 | 069 003 -o.m“
LCZa |09 o097 091 102 100 079 109 105| 029 004 013 065 049 021 075 068
August 1) czn | 091 o097 092 087 08 08 08 08| 012 005 010 03 021 030 035 027
d:g:izr’le REF1a | 103 09 091 115 109 08 121 117 | 039 004 010 08 064 030 092 08
(9,12UTc) [REF1b [ 095 0% 0% 0% 09 08 097 0% 023 005 006 05 03 008 05 04
REF2a | 107 097 09 122 115 0% 128 124| 046 001 002 092 073 035 100 092
REF2b | 096 095 089 100 097 | 081 100 097 | 030 002 001 062 047 -004 062 054
DEF 170 155 | 221 | 173 18 161 15 15| 031 010 023 040 058 048 006 0.12
LCZa | 153 146 152 160 158 164 170 169 | 021 005 038 036 027 -031 -060 -056
LCZb | 153 145 155 161 159 166 1.64 164 | -021 005 037 037 027 034 064 -059
REF1a | 151 149 151 154 154 157 15 15| 012 006 031 017 011 047 -031 -0.24
REF1b | 152 148 154 155 155 161 154 155| 014 007 032 021 014 010 -038 -0.31
REF2a | 151 150 15 154 154 157 155 155 | 008 007 016 -009 -003 019 -0.26 -0.19
REF2b | 152 149 158 15 15 158 152 153 | 010 006 027 013 006 009 -0.33 -0.27
DEF 192 173 | 270 | 189 210 147 173 169 | 033 022 100 013 061 044 -082 -064
LCza | 171 155 159 189 181 147 221 211 | 047 -0.06] 110 094 -069
June2019, [LCZb | 168 158 161 18 175 431 200 190 | 032 -007) 103 068 -044
nighttime |REF1a | 170 161 165 180 177 | 131 19 18 | 037 006 072 075 -053
(21,24UTC)|REF1b | 167 159 165 176 173 | 134 18 179 | 027 -0.08 068 05 -0.35
REF2a | 168 162 163 176 173 | 130 18 179 | 027 006 059 -058 -0.35
REF2b | 166 160 169 172 172 | 133 177 171| 016 005 052 039 019 023 -0.99 -082
DEF 128 137 111 130 125 097 119 116 | 011 011 012 000 004 019 019 019
LCZa | 128 139 118 122 121 108 115 114 | 037 014 031 048 048 -026 -031 -0.30
June2019, [LCZb | 136 139 130 13 134 130 132 13| 05 015 035 076 073 068 070 070
daytime |REF1a | 125 | 140 114 147 116 107 110 109 | 026 -015 -028 -0.27 -030 005 -0.09 -0.07
(9,12UTC) |REF1b | 131 140 | 120 126 124 147 118 118 | 043 017 038 058 057 -040 -046 -046
REF2a | 124 139 116 114 115 112 113 113 | 030 020 024 028 032 000 013 -0.1
REF2b | 129 138 125 122 123 118 120 119 | 043 018 036 055 05 -041 -049 -0.48
DEF 138 142 115 135 132 110 134 131| 025 011 010 034 026 -032 -046 -0.44
LCza | 170 147 132 199 187 181 221 217 | 08 0.8 -0.57_
Janyary |LCZb | 171 148 133 | 201 188 184 224 219| 087 027 059
2017, |REF1a | 136 144 109 135 130 095 128 124 | 039 027 014 -057 -049 02 060 -056
alltimes |REF1b | 137 144 110 136 131 [ 095 120 125| 040 -027 015 058 -050 023 061 -057
REF2a | 136 144 109 133 129 | 094 127 124 | -038 027 013 -054 047 021 -058 -0.54
REF2b | 1.3 145 109 135 130 | 095 128 125| 039 027 014 056 -048 -02 -059 -055

June 2019,
all times
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