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ABSTRACT

The Urban Heat Island (UHI) Effect has intensified due to urbanization and heat management at the urban level is
treated as an important issue. Green space improvement projects and environmental policies are being implemented as a
way to alleviate Urban Heat Islands. Several studies have been conducted to analyze the correlation between urban green
areas and heat with linear regression models. However, linear regression models have limitations explaining the correlation
between heat and the multitude of variables as heat is a result of a combination of non-linear factors. This study evaluated
the Heat Island alleviating effects in Seoul during the summer by using a deep neural network model methodology, which
has strengths in areas where it is difficult to analyze data with existing statistical analysis methods due to variable factors
and a large amount of data. Wide-area data was acquired using Landsat 8. Seoul was divided into a grid (30m x 30m)
and the heat island reduction variables were enter in each grid space to create a data structure that is needed for the construction
of a deep neural network using ArcGIS 10.7 and Python3.7 with Keras. This deep neural network was used to analyze
the correlation between land surface temperature and the variables. We confirmed that the deep neural network model has
high explanatory accuracy. It was found that the cooling effect by NDVI was the greatest, and cooling effects due to
the park size and green space proximity were also shown. Previous studies showed that the cooling effects related to park
size was 2C-3C, and the proximity effect was found to lower the temperature 0.3°C-2.3°C. There is a possibility of
overestimation of the results of previous studies. The results of this study can provide objective information for the justification

and more effective formation of new urban green areas to alleviate the Urban Heat Island phenomenon in the future.
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B ATE WEe oISl Tl Hlolele) ool rlsle] F1Ee] EARAMA 0B E B olg e Rolel A FHE
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A FEe) 202 ol AFH & 4|9 W3, AT Ao u} A B2 Aeeks AlQreh At tiEA oIt (Joo ef al
2% 9 2L L9ER HEF L BAE B dvle W)
AEA o3 AR H T AE o3 3719 ofH R Fol EAFY B H5A7 2k 23 FYs] fEiM B A
EAGHEAS 99008 WEAT AtH(Yoon, 2012). EAIRL oINS FEARS ARSI e AR A= ATHKIm
o] A7} oks), ©A| EYo g ¢l e vy Yste] AR et al, 2014: An and Hong, 2015: Park and Cho, 2016a: Piao,
= ul U R Q8] oA JKEEE GAEA AElA Wa 2017: Kim ef al, 2018b). 4 AFelXe dFEAF At
Tol BAGHAGCE Qs B sk Fsoltt o]AH EA A9 ds AZsAY, dgERAL ATE FEe 5A 24
g0z ols) e ] 2wzl Yojuby] wEe] EAIXH o] o]Foix| 2 AAtHJo and An, 2006: Kim, 2012: Ki ef 4,
o) AL & =954 AT Yok 2012: Park ef al, 2017).

olg|gh o] FE ZAAH ] ¥ SR Fd % 579 99 A¢E FUh fAke B2 A7 A EHAT Lin
ael Add A7rh gol YA FAE R B el al(2015)2 &) tEel wel YAHeE EYske 9
AR ENE FA8= A7 (Park and Cho, 2016a) 7} Al £ 283133, Cheng ef a/(2015) F= Astold] TAZY
510H, Oh and Hong(2005)¢] A+AH 3¢ - 54 2 E o 7o} FH EXDEFY E AxH 2E8 2L &
Ao o] &FH, XY, AA & T Mg AxH 2= ¥ EAZEHE A8 Kong ef a/(2014)2 5= Aol 9l
S #Hske A7 JgE bk ATk Koo ef al(2011) & &% A EAF LS dFER 5A9 25 ] AR AA
A GaAee Axd e WAE LA 3k, el me A 3 mAlY] v B4 AAlEt
Yun ef a/(2013) % Piao(2017) 5 =2 o] 35 A% Feyisa ef al(2014)& olE]3ole] 2170 FdS YO R o
Ao 2 B3t Yoon and Ahn(2009) Ao €8 2% T AF 37 B2 ARgste] Wzt Ao 3] =Y 5
Azel dopuhi= F7He) FEWA Y Q7S &AL, Kim - A 7] @S AR,
et al(2018a)& EAF-He] TRt Fefof what FHA ol o FHAE EAFY B =47 ddelo] viAE adE got
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o] WA YA o zmr Yeh b g SA4o] Aol 39+ 2 9= eI, A RSle BAEA RS Hsrt
Hoge A4 B¥S 37] oJ¥rh(Kim and Hong, 2004). 7P A3 1~899] ogo® AAssiTh
olgg FAFe Bebety, ¥ B9y W] & Held BAS A% syue A% AE F 39l A4
o] ¥ Aol aiA o] 7k Hed Eeo](Kim and Lee, AePsidich 12k =g F2AMe 9=, SEAeET,
2008) 39 % =49 aE HAsh=t AH-E ? »‘E} e o=t 5 T8 97E FAlA A AhE BAW
Y BY2 7153 2AS 9] wistet 7‘°l HEdEe] o TE T Table 13} Zo] F&3815th 22k SHHS F300A4
FetaL, dlolE o] o] W }04 714 Eﬁlv‘i“ﬁ Mii% T AR F7Fs 9% F, GISHAIA 37 AR F50] 7}
48] el EopllA S 7 Sl TEA AFE Adsigih A A AR, AATEE
A 2 ATl E e 39 B 54 55 FAHOE wol| A A elE it 32 SHHT FEME Hsd de
T 3 =29 54 3 30 AR we A 23 Zhe Werse Aesta, A7 529 A of ol wet Al
£ Azd 2% Holgg dyd B gF9 A=A 3}tk Normalized difference vegetation index (NDVI)¢] 7
(DNN: deep neural network)& ©]&8fe] AEH2E(LST: S, BEAo| &AL R 9ote = gl= AN H4] H]ES BN
land surface temperature) 9 2% @3 W 7] H3Hzl et F-83817] WEol(Ko ef al, 2019) HA& 2 598 £
AL BA8, APAre Bl EAS FallA 24 542 =9 Stele WSE B9l W4}t 81913, Normalized dlfference
skt built-up index (NDBI)2| 72§, 29 EXTES & ¥4&
A f8387] Wzl (Lee ef al, 2010) I& FF/F J?{raé
II. Qi ol HHHy R G8aiqith A ArolM ARE Y HAEE B
T Ve BEs] AT < glol Al I 3tttk o5 B3l =
| ool gl B LMK 29 S9N T 399 W, 3499 3%, NDVI, NDBI, 213
&, FU7HAE] Aol
=W Park and Cho(2016a)¢] 9174 AiEH L& && T B 59 54 53 ARl whet Ad e el A
gto] Ao T o A Z3 W97} 50~150m = LSTR 39 2ot 39 o 2o Aol 5 F45u
ol Aoz YERY 91X, =919 A% Lin ef al(2015) 9] A+ TE AAshs o] itk & dFelxe T o 4
oA 300m=z WAL ek olol] & AFolX e o= A & T Agis § tE 245FY 5] 245
Table 1. List of studies and variables that have verified the cooling effect of park and green space
2 lolelslelal=|8|lc|BlB|l® |0 |2|al|B|& Q
QQELQQQ%;&;gEE%@.&ﬂaiigé
sle|gle|g|s| |Z|EIZ|2IEIE| |g8|5lale|El®
=lglg|elg| = g1 |88 SlE|E|=|T 8
5 5| 127 N -
Shape of park 0 0 0
Area of park 0 0 0 0 0 0 0 0 0 0
Elevation of park 0
Land cover 0 0 0 0 0 0 0
NDBI
NDVI 0 0 0
Vegetation type 0 0 0 0 0 0
Vegetation structure 0 0 0 0 0
Green area ratio 0 0 0 0 0
Building 0 0
Distribution of green space 0 0 0
Distance from park 0 0 0 0
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TEE - TS R e
412 s
= M, X Qo + (4 1)

4714 p,'= AR TARE (reflectance) 013, M, = T
Wi =0l 3] 5l Reflectance multiplicative scaling factor A4
o, A, aF W=ol thg Reflectance additive scaling
factor eIt Q< T T4 FE on|gith

9 AR A 15 HlEOE Al WRIEE T B st
A2 s A 28 ol &ste] 49E BRI
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- — A
P~ sin (0,.)  cos(d,,) (42)

A7IM p, T BAE wALEolY, 0, = HYY] A 4=

ko] dx ZToltt BAE YMIEE E3 NDVI
(normalization difference vegetation index)$ NDBI(normali-
zation difference built index) & AlAtsle= 41 47 v} 2+
(4] 3, 4] 4, Figure 1, Figure 2 3%).
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NIR (band5) — RED (band4)
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NDVE NIR (band5) + RED (band4) (43)
_ SWIR (band6) — NIR (band4) Al
NDBI= SWIR (band6) + NIR (band4) (4 4)
Figure 1. NDVI
Figure 2. NDB
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Table 3. Permutation importance

FREE e 7o) AatE ek NDVIE]
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T A, Ao Y7}
3} dXgom, oA E
2 0002302 04
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Evaluation index Value Conversion value
Mean absolute error(MAE) 0.0496 121C
Mean absolute percentage error(MAPE) 10,0932 89.90%

24 s=Rx7sk|X| N 46H 45 (20201 8Y)

Independent variable Value Percentage
NDBI 0.0061 44.52%
Area 0.0033 24.08%
Elevation 0.0025 18.24%
Distance 0.0011 8.02%
Building 0.0006 4.31%
NDVI 0.0001 0.72%
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Figure 4. Cooling effect by green space proximity
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SRR 1 150m A ol F thA] 712717} 7HE A A 25T} HAE) WA E 085km et 1.2kmPAbel 9] o] 7}
EoHlE P OIE} ol HAZRE HofXl oF 100m A & BEHoIHA AT F Sirt M dTY] A7 AT} v s
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ARTE 712717F A E AE 91T Ak ol ¥ 29 NDVI 2 0.36019 EFHAH= 01001, ©ol&
o] ARASFE Y7 AXNA T AHo] 23km™1 e ¥ g3t Aol EAldhs EAFHe ﬂ&ﬂ 345 24
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Figure 5. Cooling effect by area Figure 6. Cooling effect by NDVI
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Table 4. Statistics of NDVI of urban parks in Seoul

Count: 61,578

Frequency Distribution

e Min: —0214079
6,000
4,000 i Max: 0.624756
2,000

0 Mean: 0357649

-02-01 01 02 03 05 06

-01-0001 03 04 05

Std: 0.104622

@ Ao SFP O, Feyisa ef al(2014)9) A7k vzt
A2 NDVIZ AZSFE B2t AAE Aol =i,
e 3o WA S A 6,000~100,000m" HA 3F5

Tl WAYES} 230 AAE EET AYgAL
Park and Cho(2016a) A= EAH 9 ‘GPH]E 2l :6}04 >4
o] WAz} NDVIO| dao] £ 3
o}, 100,000m* B2 o] Fhe] WAl
o)1, o] w] NDVIZ} 060]2H 2.0°C
o YAREE ZHA Hk ole A
B WolE= vz} vk Azt
NDVI®] §&o] xslo] 3o A
Ao s

M?LOM xiwfﬂ 2 3c
H, MPArelM EH
Aol o] FHujH7He

4) NDBI(HAI7HAIA 7)), A&
NDBIS} 28 &2 Al7HAHl el = NDBI & A#H &0l &

LST(C)
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2] ]
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NDBI

7Fell wheh LSTVF S7h8ke 743s Ho|a ok AA|
A& 70687 0592 vEbskth mEba 229k NDBL &59%
A9 &9 e 4o FAIAE HI 3, T HFE 2%
Feodolge As ¢ F Atk B & S HE 9
NDBI+= ¢ 6C, Ad &2 <F 14T o7t U= AL Hol =
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(Figure 7, Figure 8 #%).
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Figure 7. Cooling effect by NDBI
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Figure 9. Cooling effect by elevation
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