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A Study on Urban Scale High-Resolution Sky View Factor Mapping and
Applications

or<% 1k An Seung Man**

Abstract

A sky view factor (SVF) is a dimension-reduced urban canopy parameter (UCP) that captures three-dimensional
urban surface morphologic form through a horizontal fraction. This study developed an urban scale high-resolution
(2 m) sky view factor (SVF) raster mapping method and discussed it for further applications. The study site is
Suwon administrative area, South Korea (121.04 km?), with a population of close to 1.3 million. In this study,
airborne LiDAR-based three-dimensional point cloud (3DPC) data were used as an input to build urban scale
high-resolution SVF raster maps. Two types of SVF maps (GB and GBH) are compared to describe the tree effect
using Zonal statistics quantitatively. Results visually and statically explain a relationship between land-use-based u-
ban surface form and the SVF difference map derived from two SVF raster (GB - GBH). The SVF difference average
value explains the tree effect which mitigates micro-climate as a land cover lessens solar radiation on hot summer
days. A further application research study about the high-resolution SVF map should follow to develop scientific
knowledge and support climate-friendly urban planning.
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Figure 1 _ Study Site: Suwon City
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Table 1 _ Land-use Zone Area in Suwon
UQA L3
T No. Sum Sum
pe €@ | tha | @
Class 1
Eusive | UQALL| 4 16.1 0.1
Class |
UQAI21| 120 | 1,1353 | 8.
General Q 1353 3
. Class I
Residential A122 | 1 2,1533 | 15.
sidenti; General UQ 58 ,153.3 5.7
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A12 1 1
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Table 2 _ Land cover Class and Area in Suwon
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Figure 2 _ Study Work Flow
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Figure 3 _ Suwon High Resolution SVF Maps

Suwon_GB

Value .
High : 1

Low : 0.00208315

(b) 01 2 4 Kilometers
[ IR >
Suwon_GBH

Value .
High: 1

ow 1 0.0020759

Suwon_Diff

Value -
“High : 6.75673

Low : 0

Note: (a) SVF from QUQ.
(b) SVF from QUU®), (c)=(a)-(b).
® Ground Points, @ Building Points, @ Tree Points.
Red Rectangle: <Figure 5> Site Area.

FGA Aele] F2 FXlAE ol 7t
<Figure 3(b)>= AF, 7=, 1 2m oV 5
S BT o9l AR skaAARe Aeg, 4
YA Bt 05601k A= AHe H Y= €2
& QI W steAAR B2t Bt <Figure
3(2)>2] gkl <Figure 3()>9] g2 ARt LHA] gt
= AU 2HE 0] 2m o1Fe] AP oJgt shsA
ARle ks ARt (<Figure 30> HX).
efol] =AM 2m oV EE0] B AR

EAFR oY StEAARIE XEQ 75 3 28U VA

ohl 594 SHEAAAS BRE 0.16 F7HE Aol
o}, oleld SHsAARRS) F7He INF LR AT
St PAT SpEe] F4s) W v, AEe B
£ AL A3 S 7o) g 1EE 5
LS AT

>

B3 Bl olele B4S SRIT 4 9l ohs
AARA] 3 R AR ZeR olF = A
9] 4=F(Tree Species), T U (Crown Leaf Density),
F=11(Tree Height) B A @3} 22 42| EA4of| whet
A gepac,

<Figure 3(0)>%} <Table 4>0]4] BHX0] YA
O] 5o OJgt SHaAARIG Wl B2 0.16°]
29t ZH 0 2 0~0.767k4] TSttt sFEAA
A%t PRIG AISE anict ohg Aol

Table 4 _ Suwon SVF Statistics

i

Basic Stats (b) (a) ©
Min 0.00 0.00 -0.05
Max 1.00 1.00 0.76
Mean 0.56 0.71 0.16
Std. 0.22 0.20 0.16

Note: Suwon SVF Raster based Statistics.
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Table 5 _ Land-use Zone Mean SVF of the Suwon Urban Area

UQA_L1 UQA 12 UQA L3
Land-use Type b | @ | © Land-use Type b | @ | © Land-use Type b | @ ©
Exclusive | UQAI110 | 0.55|0.79] 0.15| Class I | UQALLL | 0.64| 0.79| 0.15
Class T | UQAI121 | 0.54| 0.63 | 0.09
Residential

Jone Arca | UQAL | 052/ 0.60| 0.08 |  General | UQAI20 | 052060 | 007 | Class I | UQAI22 | 053] 0.59| 0.06
Class T | UQAI123 | 0.48| 0.56| 0.09
Quasi UQAI30 | 0.56| 0.67 | 0.11|  Quasi UQAI30 | 0.56| 0.67 | 0.11
Central | UQA210 | 046 | 0.50 | 0.04| Central | UQA210 | 0.46| 0.50| 0.04
sz:;n:rif UQA2 | 055 | 0.62|0.07 | General | UQA220 | 058 | 0.66 | 0.08 | General | UQA220 | 0.58| 0.66 | 0.08
Neighboring | UQA230 | 0.60 | 0.67 | 0.07 | Neighboring | UQA230 | 0.60 | 0.67 | 0.07
Industrial General UQA320 | 0.68 | 0.73 | 0.04| General UQA320 | 0.68] 0.73 | 0.04
Zone Area | D | 068 | 072 004 Quasi UQA330 | 044 | 052]007| Quasi | UQA330 | 0.44| 052 0.07
Conservative | UQA410 | 0.39 | 0.80 | 0.41 | Conservation | UQA410 | 0.39 | 0.80 | 0.41
Green UQA4 | 0.57 | 0.80 | 0.23 | Productive | UQA420 | 0.82 | 0.87 | 0.05 | Agricultural | UQA420 | 0.82| 0.87 | 0.05
Natural | UQA430 | 0.55] 0.79| 0.24| Natural | UQA430 | 0.55| 0.79 | 0.24

Note: MOLIT Land-use Map based SVF Raster Zonal Statistics.

Figure 4 _ Suwon SVF(GB) Map and Land-Use Map Overaly based Survey Case
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Table 6 _ Areal Mean SVF Value of the Land-cover Type Area in Suwon
L1 12 L3
SVF mean SVF mean SVF mean
Code Code Code
GBH GB Diff GBH GB Diff GBH GB Diff
111 0.55 0.60 0.05
110 059 0.63 0.04
112 0.66 0.69 0.03
120 0.71 0.74 0.03 121 0.71 0.74 0.03
131 0.59 0.63 0.04
130 0.59 0.63 0.04
132 0.63 0.65 0.02
140 057 0.66 0.09 141 057 0.66 0.09
100 151 i i i
(Urban 0.54 0.60 0.07
Area) 152 . B B
150 050 058 0.08 153 0.69 0.78 0.08
154 0.49 0.57 0.08
155 0.71 0.75 0.05
161 0.66 0.73 0.08
160 0.63 0.69 0.06 162 0.64 0.69 0.06
163 0.62 0.68 0.06

(continued)

ZATR TSHYE SEEAAKI: XIEQ P& B S8WE NE: SAUSYMS HHCE 65



Table 6 _ Areal Mean SVF Value of the Land-cover Type Area in Suwon (continued)

L1 L2 L3
SVF mean SVF mean SVF mean
Code Code Code
GBH GB Diff GBH GB Diff GBH GB Dift
211 0.89 0.92 0.03
210 0.85 0.90 0.05
212 0.75 0.86 0.10
221 0.85 0.91 0.06
200 220 0.69 0.82 0.13
222 0.66 0.81 0.14
(Agricultural 0.77 0.86 0.10
Land) 230 0.77 0.86 0.10 231 0.77 0.86 0.10
240 0.66 0.86 0.20 241 0.66 0.86 0.20
251 0.70 0.81 0.11
250 0.65 0.85 0.20
252 0.64 0.86 0.21
300 310 0.45 0.77 0.32 311 0.45 0.77 0.32
(Forested 0.42 0.78 0.35 320 0.37 0.79 0.42 321 0.37 0.79 0.42
Land) 330 041 | 078 | 037 331 041 | 078 | 037
410 0.51 0.75 0.24 411 0.51 0.75 0.24
400 421 0.67 0.85 0.18
0.54 0.69 0.15
(Grassland) 420 0.54 0.68 0.14 422 0.50 0.81 0.31
423 0.54 0.67 0.13
510 0.73 0.80 0.07 511 0.73 0.80 0.07
500 0.73 0.80 0.07 521
(Wetland) ’ ’ ' 520 _ _ _
522 - - -
611 - - -
610 0.67 0.78 0.10 612 0.68 0.78 0.11
600 . 613 0.64 0.72 0.09
(Bare Land) 0.63 0.78 0.15 21 i
620 0.63 0.78 0.15 622 0.55 0.64 0.09
623 0.63 0.79 0.16
711 0.66 0.73 0.07
700 710 0.75 0.82 0.07
0.75 0.82 0.07 712 0.79 0.87 0.07
(Water)
720 - - - 721 - - -

o) BHFS & % Gk A el 4B BR Bl AZBRZAGLS HeREE 0.07

stshe &
a7t &2 AQTHO staAARS ko] 042 5210.07) B 5%0.07)2% BlE0] A2 213
2 7F 33, 281 037, 28549 032 =0tk 5 4’5 Hapr} 71 24, ZebAlS- A 20.09) 2%
AR FEF Brrolae =2 §igko] 0.052 7t Ao k2 58 Egohs WEA90.09)°0] dizo
%2, o] F ZAA=7E oF H =0.10)0] FA1 2 3t} SR EX TS BaolAs 3dA9e ¥

7} 5l 1=(0.03) T} 34 o) At v 2 7]EAY sf=Fo] 0.03.0= 7P 2, AR EX0E Foo
i z] o] ot 3RS 0.200]11, H4- A A28 9 AE A W S8 Hsleol] 0.022 71 2t

A 95ko.11)°] 71eF AElA|0.2)E} 2t o

o

Q1E ZA(code: 420)2] HBFFS 0.142 ZZ|(L1)
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Figure 5 _ SVF Maps around Paldal Mountain
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Source: Kakao Map Street View.
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Figure 6 _ Suwon Eco Survey and Maps
(Mamals, Birds, Amphibians)
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Source: Suwon City Environmental Policy Division.
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Figure 7 _ Urban Utility Field Survey Case

Location-based Winter solstice

Sky view Factor Image

Note: SOLWEIG 1D based Simulation.
Source: Authors’ elaboration.
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Figure 8 _ Urban Micro—climates Data Fusion

3 Spatio-temporal

Fusion Fin

Urban-Scale

Urban-Scale Synthesized

Low- resolution Fine Data Urban-Scale

Data Set (ex. SVF) High- resolution
Data Set

Source: Varentsov, Samsonov and Demuzere 2020.
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