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ABSTRACT

For the establishment and comparison of environmental plans across various domains,
considering climate change and urban issues, it is crucial to build spatial data at the
regional scale classified with consistent criteria. This study mapping the Local Climate
Zone (LCZ) of Changwon City, where active climate and environmental research is being
conducted, using the protocol suggested by the World Urban Database and Access Portal
Tools (WUDAPT). Additionally, to address the fragmentation issue where some grids
are classified with different climate characteristics despite being in regions with
homogeneous climate traits, a filtering technique was applied, and the LCZ classification
characteristics were compared according to the filtering radius. Using satellite images,
ground reference data, and the supervised classification machine learning technique
Random Forest, classification maps without filtering and with filtering radii of 1, 2, and
3 were produced, and their accuracies were compared. Furthermore, to compare the
LCZ classification characteristics according to building types in urban areas, an urban
form index used in GIS—based classification methodology was created and compared
with the ranges suggested in previous studies. As a result, the overall accuracy was
highest when the filtering radius was 1. When comparing the urban form index, the
differences between LCZ types were minimal, and most satisfied the ranges of previous
studies. However, the study identified a limitation in reflecting the height information of
buildings, and it is believed that adding data to complement this would yield results with
higher accuracy. The findings of this study can be used as reference material for
creating fundamental spatial data for environmental research related to urban climates in
South Korea.

KEYWORDS : WUDAPT, Local Climate Zone(LCZ), Urban Morphology Parameter, Climate
and Environmental Planning
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FIGURE 1 Majority filter (left) and filtering radius (right) examples
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TABLE 1. Acquired data for LCZ classification

Satellite image Landsat scene identifier Image date Cloud cover(%)

LC81140362019022LGNO0O 2019-01-22 0.50

LC81140362019086LGNO0O 2019-03-27 9.08

Landsat 8 LC81140362019310LGNO0O 2019-11-06 0.10

LC81140362019342LGNO0O 2019-12-08 1.62

LC81140362020121LGNO0O 2020—04-30 1.00

LC81140362020233LGNO0 2020—08-20 0.31
F AgEE yepdith UAE Y £33 Sn) A WLlel F-gheh=A] vlaste] E=AIA oA
A BRS AE £E wde] Y Fehaw o Py YUMo wusnh oF 91
oS53 AA VE FE UF oz, Foju B TAA LY HR EXIEEE o]835}]
F Ao ARES #IE 5 Qs Amelh  100m AR IR 571K9 tE wARHAS
PAL 9 f9S Sule/ BRS UE FE 2 A48T E 2% 00 R WA g
AA B Ferol Fab= AA WE F= o](BH, Building Height)® LCZ 7#%&39
i @o®, AA Y F3e Sk AES o high, mid, low §3& &3k 2% =A18
v 2 o|S3=A] YER& X 3ko|t} Kappa Ejx]g=o]t}. o]= 100m ZAAF el Z+ A&
e kst S0 AEEE s 17 4 =o|(BHp el Z+ A& AABS)E A=

e SAGkolth F—1 scorex= PA9} UAS =%
sPES YEld gto=, 7389 J5e folrt

o=

9l& u) Hrlslr] Lol Zroluk

1 EAFEAS A 2

WUDAPT #aks g &7€ LCZ A3t
Stewart and Oke(2012) oA #|A|E ZAIE]

TABLE 2. Urban morphology parameters

sto] ARt FRloltt, FAXFH RS AE T
tolg & &8st AAdsielon, Ad=e 159
wole Ao AArE 7ES Farshod
(Kim and Eum, 2017) 3m= g3kttt +
WHAZ AHE(BSF, Building Surface Fraction)
& ARt WA (Agira) tH] AEC] 2pA|5H= WA
&S Uehd A2, LCZ9 2 A%
ol A& U¥(compact) FFACZ 1~3)}

N

|

ot 10

Parameter Definition Used data Calculation methods
o . ! . ) i}BSi X BH,
Building Height(BH) Area weggfhé(;ihmfggmbulrli((jjmg height Digital ;c;gograpmc BH = = )
g P S 5s,
i=1
Building Surface Building coverage ratio of each 100m Digital topographic E BS;
Fraction(BSF) grid map BSpF = i1
grid
Pervious Surface pervious surface fraction of each Laid cover map E PS;
Fraction (PSF) 100m gird PSF = "'11
grid

Impervious Surface
Fraction(ISF)

Impervious surface fration of each
100m grid

Land cover map ISF = 100— PSF — BSF

Areal mean SVF of non—building

Sky View Factor(SVF) areas of the each 100m grid

3 svE

i=1

Digital topographic
map

SVF =
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FIGURE 3. 100m resolution LCZ classification maps

A= A3 (open) FIB(LCZ 4~6)= T3t Fraction) < A#F W 2pxsh= A& 43}

U Qo] FR# WAFo|th(Zheng et al,  FAENE AF A wAom A

2018). & =HEH o7}t 7—3|7<}°ﬂ/\1 i}ﬂ%}b t} mpxeko ®  SVE(Sky View Factor) & &

‘?ﬂ’ﬂ% T3] S8, FAAFES] AE HolE AAYPEL] T tlojEel HE dolEE &

£ g&sto] AsIeith Al HAR, F E‘?ﬂ ] £319] 10m e DSMS 158 5 o=

& (PSF, Pervious Surface Fraction) 2%} SAGA GIS?] ¢J¥ dHloJg= /\}%5}0% 10m 3}

RS I=lL] E’*i‘ﬁ(PS)-J Hl&S Akst 4 Rl SVEE ANkt A& A4 SVEE

]“1 AN EXELES 25 7ESs Fast TEEHA] Gk A FaEnk 28] AzpE ¥
]Oﬂoﬂ sk AL” T FE3E & ks ARESESITE

ﬁx]’e Forawvss APgsiich ol AR,

EEEWn]&(ISF, Impervious  Surface
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TABLE 3. Number and ratio(%) of cells by LCZ type on each map

LCZ 2 3 4 5 6 8 A B D E F G

Not Num 918 1,701 3787 647 1572 3972 40272 8885 10522 283 367 1,709
Filteed Rato 1.23 228 507 087 211 532 539 11.90 1410 038 049 229
Filtered Num 575 2,004 3485 442 1041 4340 43,033 7103 10,383 120 184 1,925
(Trad) Rao 077 269 467 059 139 581 5766 952 1391 016 025 258
Filtered Num 687 1,745 3,444 312 700 4581 46442 4548 9,747 79 94 225
@rad)  Ratio 0.2 234 461 042 09 614 6223 609 13.06 0.1 013  3.02
Filtered Num 318 1935 3202 276 424 4647 48387 3375 9209 61 109 2,603

(3rad) Raio 043 259 441 037 057 623 6483 452 1234 008 015 349
Az 9 w3 W, oJojA] LCZ 4(Open high—rise) 7}

4.41~5.07%, 1.CZ 3(Compact low—rise)©]

1. 287 v me IA47| 5 &7 A 2.28~2.69%2] Wl&-S e

T7HIAE 100m X 100mQ) LE] uAo) I9 4= LCZ EFAEE guiste] JEH
mE A LCz BiAvis a9 39 o el W LCZE] WSE AERRE slold.
o, ¥ 3 7 598 ek A s BHTE flol R A3k TR 49 Aol
WA BeS FEY vl ulel UElhd Axjo) T & R A &dEe LCZ E,
th 92 M, 2wy xedel ¢z WOl sieEE LCZ F, T Aol s
A(Dense trees) 7} 53.96~64.83%i 7V LCZ G fr¥ol shisteo] wasialrt. dE™
o HES AHElon, 7 tReow E=7A|, o] S7FeE dhist dade] Eojsal, 2
AR, 242 JeR)= LCZ D(Low plants) Ash= WA vlgo] w2 E FPOE Wil

7} 12.34~14.10% ¥ ¥&S etk 1%
f8o= LCZ  8(Large low—rise)©]
5.32~6.23%= 7V B& HEES AAEKS

Not filtered

Satellite photograph

Lcz

B A Dense trees [ B Scatter trees

2 radius filter

I 2 Compact mid-rise [l 3 Compact low-rise Il 4 Open high-rise Wl 5 Open mid-rise
D Low plants

gelslgict. & 32 WY vlgel 57
]/\1“ LCZ 3,
B ggelrte

1 radius filter

3 radius filter

6 Open low-rise 8 Large low-rise

M E Bare rock or paved F Bare soil or sand Il G Water

FIGURE 4. Example of classification map according to filter radius in this study
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LCZ B, D, E 39 W ugo] ey w3 2. BE|Y 9] wE 107 BF A% wa
°l S7reTs Atk LCZ As 8 A3 I% 5& FEY WA wE 7 10z BF
35 AEE o] Ades T LCZ #8°) A %8 F1 score, OA, Kappas YERA 1832
BREAWA WA HEe] AX= slow vt otk F1 score, OA, Kappat® 534S 7]
ohoohe mASels FURHLCZ §)7E o goe mawgon, A8 W B Lz
A el AFRHLCZ Al 7P BHA pgqne) graghe e a3 29 gk

SHAl ExshE ATIVIRAY 344 54do] Wb OA %} Kappaiﬂ Ao FEE ue] wE 7S

=

e Ao by LCZ 3, F o B¢ ] 2Pgekalal, Fl scores #7419 H34E &
@ MRS bl i AR WS SOl g geee gy wel det a4+ 9
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APPENDIX

Built types

Compact highrise
[ad ol :

or no trees. Land cover mostly pa

steel, stone, and glass construction materials.

Compact midrise

L Dense mix of midrise buildings (3-9 stories). Few
2 (| gﬁ' or no trees. Land cover mostly paved. Stone,

brick, tile, and concrete construction materials.

Compact lowrise
Dense mix of lowrise buildings (1-3 stories). Few
or no trees. Land cover mostly paved. Stone,
brick, tile, and concrete construction materials.

Open arrangement of tall buildings to tens of
stories. Abundance of pervious land cover (low
plants, trees). Concrete, steel, stone, and glass
construction materials.

Open arrangement of midrise buildings (3-9
stories). Abundance of pervious land cover (low
plants, scattered trees). Concrete, steel, stone,
and glass construction materials.

Dense mix of single-story buildings. Few or no
trees. Land cover mostly hard-packed.
Lightweight construction materials (e.g., wood,
thatch, corrugated metal).

=l e Open arrangement of large lowrise buildings (1—

3 stories). Few or no trees. Land cover mostly
paved. Steel, concrete, metal, and stone
construction materials.

Tz

Sparsely built

Sparse arrangement of small or medium-sized
buildings in a natural setting. Abundance of
pervious land cover (low plants, scattered trees).

Heavy industry

Lowrise and midrise industrial structures

- (towers, tanks, stacks). Few or no trees. Land
I 0 cover mostly paved or hard-packed. Metal, steel,
and concrete construction materials.

FIGURE 1. Local Climate Zone

Land cover types

B Heavily wooded landscape of deciduous and/or

gy evergreen trees. Land cover mostly pervious (low
plants). Zone function is natural forest, tree
cultivation or urban park.

Scattered trees . Lightly wooded landscape of deciduous and/or

L evergreen trees. Land cover mostly pervious (low
plants). Zone function is natural forest, tree
cultivation, or urban park.

Bush, scrub Open arrangement of bushes, shrubs, and short,

woody trees. Land cover mostly pervious (bare
‘ " soil or sand). Zone function is natural scrubland
" or agriculture.

Low plants
Featureless landscape of grass or herbaceous

plants/crops. Few or no trees. Zone function is
7 natural grassland, agriculture, or urban park.
Bare rock or paved

I ’ natural

Bare soil or sand

pe of rock or p
or plants. Zone fur
(rock) or urban transportation.

Featureless landscape of soil or sand cover. Few
or no trees or plants. Zone function is natural
desert or agriculture.

Large, open water bodies such as seas and lakes,

lagoons.

G or small bodies such as rivers, reservoirs, and

£ P

VARIABLE LAND COVER PROPERTIES

Variable or ephemeral land cover properties that change significantly with
synoptic weather patterns, agricultural practices, and/or seasonal cycles.
b. bare trees Leafless deciduous trees (e.g., winter). Increased
sky view factor. Reduced albedo.

s. snow cover Snow cover >10 cm in depth. Low admittance.

High albedo.

d. dry ground Parched soil. Low admittance. Large Bowen ratio.

Increased albedo.

w. wet ground Waterlogged soil. High admittance. Small Bowen

ratio. Reduced albedo.

WUDAPT

definition(Demuzere et al., 2020)
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FIGURE 2. Confusion matrix for LCZ classification of Changwon
(From the top Not filtered, 1 radius filtered, 2 radius filtered, 3 radius filtered)



