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Abstract Urban air mobility (UAM) is emerging as a solution to alleviate traffic congestion in
urban areas. For the successful implementation and stable operation of UAM, acquiring high-
resolution meteorological data, particularly wind, is essential. Despite the existence of various
studies that have assessed meteorological downscaling systems, there is little research focusing
specifically on the urban environment, where the dynamics of wind and weather patterns are
more complex. In response to this need, our study advances and introduces a sophisticated
downscaling system designed to facilitate high-resolution (100 m) wind speed simulations based
on module in IMPROVER (Integrated Model post-PROcessing and VERification) from Met
Office. This system takes into account intricate surface details, including orography, and the
characteristics of urban landscapes are represented to enhance simulation accuracy and realism
by incorporating the indirect effects of urban buildings. The system is quantitatively evaluated
by Pearson correlation coefficient, root mean square error, and mean bias error, demonstrating
better correlation and improved predictability relative to raw meteorological data. These results
emphasize the significance of downscaling system specialized for urban areas, highlighting its
contribution to reliable and realistic wind conditions.
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system), AWS (automatic weather station) 52| =]/
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Centre for Medium-Range Weather Forecasts, 38 %
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2.1 FEAMSH 7|8

TFEFM SHdownscaling) 71H-2 A (global) =
A ¢ (regional) T+22] 71HFE FA (local) T2 5
o2 yEsEle AS 2, 24 SAH +=
A kel g8kd FRAAM S E Y th(Hewitson and
Crane, 1996). BA14 2 JAIS= Jojdez & &~
ALz} 22 2ALL] 714Ag ko] #AE AT
T2 HEsH EHOZ 3|7 (regression), EX &
F(weather classification) 5°] ) TthHoward and Clark,
2007). W 7ke] AAA ol Z9kE FaL Q7o 3
o] Zhgt Aol gloy WEe] & F§ 7174 ol
gk Al SAE A AT

At RS E AL sdEe] AE 54
Aget o) E EFele RS 7We R gt B 7
A TS T B AFA ] dAHJA vt 7k
gk Aol ey ALk Hlge] Eom, WRF-ARW
(Weather Research and Forecasting-Advanced Research
WRF) 52| 2do] thE ot}

B Aea= 93] Met Officecl A 7e 3
2] A]&" <l IMPROVER (Integrated Model post-
PROcessing and VERification) W w2/H 3} ZES
uleto 2 Howard and Clark (2007)°14] #| A8 X%
AR wE F& AAER ofE AE BE 5
TAe] i BAAE F7F vt BRIl A
Z(100 m) F5 AE 2dS &3 THRoberts et
al., 2023).
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al,, 2021).
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ARG AXEH2)= AR 89 WelA 7HE =
2 AFYe y=9} 7P e XY A& 7he] Aol
= 9u)3iy, A PIwo] XFE Hiop)S T8 =T
3}e 4= thH(Webster et al., 2003).

o}AA= 1.5 km x 1.5 km Z7|2 A st BA
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= Fig. 13} Z2om, A7 i AZ7|e AF9=
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(b) Orography [m]
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Fig. 1. Spatial distribution of surface features for wind downscaling, vegetative roughness (a), orography (b), silhouette

roughness (c), and peak-trough height (d).
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Fig. 2. Spatial distribution of urban building area (a) and
height (b) in Metropolitan area.
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Fig. 3. Vegetation (a) and with urban building (b) roughness in Metropolitan area (MTP, upper), Seoul (middle), and Incheon

(lower).

= ARE 30 m % 343 x=2] SRTM (shuttle radar
topography mission; Farr et al., 2007)2 100 m 4%
Y ER WAatste] At on, AA8S E33E A
E 95 HS olE 83 AZY] Aole e
AT R M| 2 (egis.me.gokr)ollA AFEE 30m
A= A% 95 FEF AFEE MORUSES (Met
Office Reading urban surface exchange scheme)®] E}
Yol mpe} FEBHaL o] & uRo R =] A4
A-E71E 23 tH(Porson et al., 2010). $FF =+
EXYAHRYL FEHHZYE(map.ngii.goknS F
3 A5 WA 2 AE 2ol P, 44 59 F
HZ AFstal ok AEYRENES T3 B A+
oM F&EE FEU A9 e A2 FEo A=
ol 15 WA AR5E 53Uk 71EANY

ZY(datakma.gokr) S F3 FE=H X5 ASOS
o} AWS % IZ#= A5 E A77]7H 202149 1€
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sl g5siden F5 A7 H1S 2 Hrtol| &83)

it

25 AT 47 ¥ AS5-8It 4y

Az A7) o] wkgel tigh Asid=(100 m) ¥
& RS 35S 9130 Table 13} 7o) vhiro]
TE AAsG 715 A4 A7) Adolvke &8
skl tEgAstE s 2l 1, AdE Ad7] Ao
g F7IR st RAAEE Y 2 2=
thro] dE Agstich AR Aol wstel ue
TR S S ERASSE FR/GASE 2 7Ee] A

Table 1. Experiment details for verifiying downscaling models by surface roughness types.

Experiemnt Description
ERAS Input Meteorological data
. Model 1 Wind speed downscaled using vegetative roughness
Downscaling - - -
Model 2 Wind speed downscaled using vegetative and urban roughness

Atmosphere, Vol. 34, No. 4. (2024)
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Fig. 4. Location of KMA observation stations, ASOS (blue) and AWS (red).
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Fig. 5. Wind speed (green-blue) and roughness length (rainbow) distribution in Namsan (upper) and Gangnam (lower) of ERAS
(a), Downscaling Model 1 (b), and Downscaling Model 2 (c).
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Table 2. Evaluation of 10 m wind speed using correlation
coefficient, RMSE and MBE

ERA5  Downscaling (Model 2)
Correlation coefficient (0.923** 0.791**
RMSE (ms™) 2.178 1.770
MBE (ms™) 1.633 1.002

*p-value < 0.05, **p-value < 0.01
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Fig. 6. 10 m wind speed timeseries of Observation (light gray bar), ERA5 (gray dotted line), Downscaling Model 1 (gray line
with circle), and Downscaling Model 2 (black line with X marker), averaged by stations within MTP.
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Fig. 7. Wind profile timeseries of Observation (gray bar), ERAS (gray dotted line), Downscaling Model 2 (black solid line).

Table 3. Evaluation of wind speed profile using correlation coefficient, RMSE and MBE

Correlation coefficient RMSE (ms™) MBE (ms™)
e pras Downmealieprag Downmeilieppas  Downseline

50 m 0.371 0.499%* 2.282 1.974 0.459 0.132

100 m 0.437* 0.471* 2.840 2.268 1.531 0.703

200 m 47099 0.433* 0.433* 3.941 2.649 2.679 1.092
47122 0.826%* 0.827%* 1.933 1.421 0.965 -0.827

300 m 0.382* 0.382* 4761 3.179 3.379 1.553

400 m 0.372% 0.372* 5.286 3.492 3.952 1.960

500 m 0.528%%* 0.528%* 5.330 3.427 4246 2.108

600 m 0.429%* 0.429* 6.369 4.164 5.376 3.090

*p-value < 0.05, **p-value < 0.01
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