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A Fundamental Study for Urban Canopy Layer Analysis and Application
: Focusing on Seoul Metropolitan Area Urban Weather Service Domain
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Abstract

The purpose of this study is to perform Seoul Metropolitan Area (SMA) urban weather service domain building
cluster analysis in the urban canopy modelling framework and to develop urban building cluster management
application. Major results show SMA urban weather service model domain(7,114ki) covers 7% of the national terri-
tory, 1/5 buildings in the nation located, which has 1/3 of the national building total volume area. We found
a relation between urban canopy parameters (UCPs) with land use zone type and urban temperature such as LST.
Quantile 5 class roughness length group mean LST showed a gradual increase as building clusters become higher
but most high group showed about 0.5 decreased value. In addition, we found South-North directional frontal
area fraction shows 10 % higher value than East-West, which is mainly due to the unique Korean apartment culture
and residential preference. Building cluster study is important for major urban issues such as climate change adapta-
tion, air quality, revitalization, green new deal, smart eco-city. Hence, as a further project, we propose building

cluster-based vertical information (indicator) development and monitoring development study should follow.

Keywords: Seoul Metropolitan Area, Building Cluster, Urban Canopy Layer, Urban Canopy Model, Mean Winds,
Monitoring
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Figure 1_SMA Urban Expansion with the National
Policy Document on Spatial Planning
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* CNTP: Comprehensive National Territorial Planning
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Figure 2 _Urban Canopy Layer Energy Balance(top)
and Mean Wind Effect by UCL Type(bottom)
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Source: Chrysoulakis, Grimmond, Feigenwinter, Lindberg and
Gastellu-Etchegorry et al. 2018; Oke 1992.
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Figure 3 _Urban Canopy Layer Energy Balance(top) and Mean Wind

Effect by UCL Type(bottom)
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Table 1_Five Major Urban Canopy Variables(UCPs) Used for Urban Roughness Length Study
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2) BHAH|(plane area fraction: ApyE W% FAIHA thH] Ud<s HHA H[E]
3) OFHAH](frontal area fraction: Aff= WH<E BEAAA s vlHgl] nf&sis Wd4: oA H1E<]

4) FHALR)zero plane displacement: z, )= % AXHELG D th7] 255 0] S5Eo] tieggE2ntdo] (o] B &0l
A7)0 (roughness length: 2= AW A Bet3(38) R TP 21 High ZRafdolx F&0] ol2Xor
0°] St o] T BHH] ol 5d 247 JRHE A Wil o] ‘0o] S olel. Beld Zof ohje] Wl
AA7IE 7hecke AR

o) Al o] oft B49] 2s) Aol H85IE Aelglont WMelee] H8HIe.

5

=

6

=



exp [— (C’dZQ)\f)"'5 — 1]
Rau, ;= [1—0—{ (G5 X H,
a2y

24 U,
Rau,= |[1— 7 |exP —ku—-HPh

av

X H,,

Bottema and Mayer(1998)= EAIZFolA M«
o] araero] o] Athd JFs niAle Zo=w
Horom Wig<o] Pahzo|, drazH|e} g7 e
AulE B4 Altel] Sk

Macdonald, Griffiths and Hall(1998)%. ©] Al| QIAE
= A Bt Al E ol {daE
=l o A0 ©] 7S S8tk ks, ©
T4, ol 20155 oA 4, EHIR, B, X9

Q] 2015)(<A] 3> FZ).

=

r,

Mac,; = [1 -‘raﬂ”()\p *1)]HM

Mac,,=

((1 ;d ) X exp

av

<Al 3>

Kanda, Inagaki, Miyamoto and Gryschka et al.(2013)
S Macdonald, Griffiths and Hall(1998)2] 7]¥Ho] 2
< U A=59] FalEolet BFHARE 24 Alte]
F7loldts (<Al 4> Ax).

Kan,, = [COXQ-I-(aO)\;f’—cO)X] H,

nax

o, +H
o714, X=% (for0< X<1)

max
Kan,, = (b, Y*+¢, Y+a,) Mac,

A
o7 A], y="071 (for0 < V) <Al 4>

H

av

Tl W9<% DBE F=okal Htrle IS w4
ob7] SlaiAl AEAZHEANGIDANA AlFsh=
1/5,000 2] 2] A E(ver 2.0) ZAZ(N3A_B0O1) A=
&} 717 AARD 5 H(Unifed Model)oll A A
Sohe e A E(grd da)E AH ARE AL
Bkt

Tl F9L ok 71 AR (<Figure 4>

I

top AT a0l WHw2 Habeol, BHAH], o

5

=

o7 ro] 519t O Macdonald, Griffiths
and Hall(1998)¢] At 7I%(<A] 3>)7 Kanda,
Inagaki, Miyamoto and Gryschka et al.(2013)2] At
7IR(<A 4>) 082 JHHSIeL AR LolE Fofl 3
ek S FA5TE YE B dnput/Output, 1/0)
< Shapelib ver. 2.7(C library), QT ver.5.12(GUI
library, 64bit), Visual Studio 2017 C++E 7N,
Arde)E ol8ste] A=A

7) BEEAS O, 1.2), BEd5a0IAHS: 443 09:3.59), B2A00ETE: 1.0 942059

8) V&I FAAFE B 0y(1.29), by(0.36), ¢((-0.17), ay©.71), by20.21), ¢;(:0.77)7F ZEEIE.

106 =ZEAT HMI1057(2020. 6)



Figure 4 _SMA Grid Model Doamin(top) and Two 4, =@ ddl&
Different A, Calculation Methods(bottom)
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Table 3 _SMA UCPs Values(min, max, std) Derived from Building Cluster

SMA UCP Max. V Mean Standard Deviation
lambda_p 0.464 0.05452 0.080249
lambd_f ew 0.079 0.00821 0.012398
avg_hei 73.010 6.76272 6.837048
max_hei 369.000 26.65358 33.299846
std_hei 40.680 3.38286 4.867560
mac_zd 17.930 1.18820 2.176530
kan_zd 60.260 5.86661 8.024711
mac_z0 4.014 0.08471 0.269879
kan_z0 3.129 0.06923 0.212606
kan_zo/ah 0.064 0.00341 0.008036

Note: East-West Direction, 1.5kmXx1.5km grid statistics(n=3,975).

9) 1:5,00054 FAAE 2.0 TE HO]oIN3A_B0010000) THEA S (shape feature).
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Figure 6 _Major SMA UCPs Zonal Means by Land Use District
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Table 4 _Land Use Zonal Means of the Major SMA UCPs

Zone Type Code Av_Ht. Ap A f(EW) A f(SN) Zd 20(EW) 20(SN)
Exclusive Residential Area UQA110 3.83 0.26 0.05 0.04 1.70 0.04 0.03
1st Class Exclusive Residential Area | UQA111 4.93 0.13 0.04 0.04 1.51 0.17 0.17
2nd Class Exclusive Residential Area | UQA112 8.78 0.09 0.07 0.07 2.52 0.87 091
General Residential Area UQA120 14.42 0.12 0.12 0.12 3.81 1.83 1.80
1st Class General Residential Area | UQA121 7.51 0.17 0.07 0.07 2.69 0.44 0.44
2nd Class General Residential Area | UQA122 13.37 0.28 0.16 0.15 591 1.14 1.17
3rd Class General Residential Area | UQA123 26.76 0.17 0.25 0.26 8.73 4.41 4.69
Semi-Residential Area UQA130 11.13 0.19 0.12 0.11 4.78 1.12 1.08
Central Commercial Area UQA210 21.67 0.21 0.22 0.19 10.61 2.55 2.32
General Commercial Area UQA220 15.18 0.26 0.18 0.16 7.77 1.34 1.26
Neighboring Commercial Area UQA230 10.99 0.17 0.11 0.11 4.69 0.84 0.87
Circulating Commercial Area UQA240 7.00 0.23 0.07 0.06 3.54 0.29 0.26
Exclusive Industrial Area UQA310 8.14 0.15 0.04 0.05 1.64 0.47 0.93
General Industrial Area UQA320 4.86 0.32 0.06 0.05 2.77 0.09 0.08
Semi-Industrial Area UQA330 10.97 0.24 0.13 0.12 5.07 1.04 1.03

7% FHHSIe}t A" o] Altol At Figure 7 _Mean LST of Land use district(Top) and
Sk Zo] S 7)ol 95 Wiolo} ChE o] B Roughness Length Class(Bottom)
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Figure 8 _SMA LST Map(Top) and Roughness Length Class Map(Bottom)
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Table 5 _ Different SMA UCPs due to the Wind
Directions and Frontal Area Fraction Measurements

UCPs EWmean SNmean *Difference
(E-W wind) | (S-N wind) (%)
lambd_f 0.00821 0.00752 8.4%
mac Z0 0.08471 0.07401 12.6%
kan Z0 0.06923 0.06003 13.3%
new lamb f 0.04246 0.04684 —10.3%
new mac Z0 0.47982 0.54566 —13.7%
new kan Z0 0.40988 0.46233 —12.8%

Note: *difference=(EWmean-SNmean)/EWmean.
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Figure 12 _ Inverse—Design Urban Planning(SIGRAPH
ACM 2012) and Smart City Projects in Korea(Busan,
Sejong)
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Source: Vanegas, Garcia-Dorado, Aliaga and Benes et al. 2012;
https://smartcity.go.ke/ (accessed March 1, 2019).
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