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Abstract

The purpose of this study is to identify the spatial types for thermal environment
improvement considering heat flux and its spatial context through empirical orthodox
formulas. First, k-means clustering was used to classify values of three kinds of heat flux -
latent, sensible and storage heat. Next, from the k-means clustering, we defined a type of
thermal environment (type LHL) where improvement is needed for more comfortable and
pleasant thermal environment in the city, among the eight types. Lastly, we compared and
analyzed the characteristics of each classified thermal environmental types based on land
cover types. From the study, we found that the ratio of impervious surfaces, roads, and
buildings of the type LHL is higher than those of the type HLH (relatively thermal comfort
environment). In order to improve the thermal environment, the following contents are
proposed to urban planners and designers depending on the results of the study. a) Increase
the green zone rate by 10% to reduce sensible heat; b) Reduce the percentage of
impermeable surfaces and roads by 10% ; c¢) Latent heat increases when water and green
spaces are expanded. This study will help to establish a minimum criterion for a land cover
rate for the improvement of the urban thermal environment and a standard index for the
thermal environmental improvement can be derived.
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Figure 1. Research Flow
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Table 1. Input Data

Classification Input data Source
-air temperature, -Korea
Meteorology | .. - .
data for heat relative ~ humidity,| Meteorologic
flux -cloud cover,| al
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derivation to .
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be improved
2011
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(green space Environment,
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wetland, impervious .
Geographic
. surface) .
Spatial _sho. file of Seoul Information
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administrative ~Seoul
district -Building .
Information
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Figure 3. Land Surface Data
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Figure 5. Daytime Classification
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Table 2. Land surface ratio and Heat flux of Daytime types

(Unit: Ratio : W/m?)

Type |Green space| Building Imsp::fr;ck;us Wetland Road |Latent heat Sehn;:: e Storage heat
HHH 03++ 0.1++ 0.2++ 0.2+++ 0.2+++ 63:30 142,15 187.33
HHL 04++ 0.3++ 0.2++ 0.0+ 0.1++ 58:34 150+ 30 111215
HLH 04++ 0.03+ 0.2+ 0.3+++ 0.1++ 104.58 104.14 177-37
HLL 0.8+++ 0.0+ 0.1+ 0.02+ 0.04++ 107.46 64.27 67.39
LHH 0.1++ 02++ 0.5+++ 0.01+ 0.2+++ 20:1 153:22 174-34
LHL 0.03+ 04+++ 0.3++ 0.0+ 0.2+++ 20.06 16025 108-15
LLH 0.1++ 0.1++ 0.7+++ 0.0+ 0.1++ 20:1 105:12 204.48
LLL 0.0+ 0.2++ 0.5+ 0.1++ 0.2+++ 20.0.8 103:13 102.20
low level middle level high level
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Figure 6. Nighttime Classification
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Table 3. Land surface ratio and Heat flux of Nighttime types

(Unit : Ratio, W/m?)

Type (53";252 Building Im urrf\;icoeus Wetland Road |Latent heat Ser:;l; e | Storage
HHH 0.2++ 0.1++ 0.6+++ 0.03+ 0.0+ 189:4 -18.1:9 -76.6-15
HHL 0.1++ 0.1++ 0.5+++ 0.1++ 0.1++ 19.7:2 -8.0:15 -129.8: 21
HLH 0.1++ 0.6+++ 0.2++ 0.0+ 0.1++ 19.2:2 -44.0:-11 -799:12
HLL 0.2++ 0.2++ 0.3++ 0.0+ 0.3+++ 16.9.3 -385.7 -117.2. 11
LHH 09+++ 0.03+ 0.0+ 0.0+ 0.0+ 54:2 -28.1:1 -73.1:5
LHL 0.3++ 0.0+ 0.3++ 0.14+ 0.2++ 51:2 -282:1 -120.6:4
LLH 0.9+++ 0.03+ 0.04+ 0.01+ 0.02+ -49:6 -36.1:5 -859.8
LLL 0.0+ 0.0+ 0.0+ 1.044+ 0.0+ -22:7 -37.5:5 -121.1:12

low level  middle level high level

7FS W2 HIg08) 782 LHLE F&E A
Agg RYolt. Fol 20%01(1" 5)2 AR
oo &+ HRE AT 300 AEolk= 7id
EgX|Ho] @il oRMol= Zido] EQst X%0]
#agiT) ORLO] ZRHEQ A9 AoR BE
L= AEdo] Bil(-1206) FHo| FHoj tiVlE
of o] duFez B AYoltt o] K2
EFTEHUE0] HnA w2 AYoz A#H
S8 s Adsie &9 tir] & 9E0]
jEam

Aigel 271(#3)E Hiws] HH, 78 HHL
QA XHo] HthEoz 71e #oF AgE0] K|EH
Hiog @o] ¥ERE 2011 LHHZF 7F ot
A dERE A8 9uigtt. HHLY} LHHE] 1]
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¢hd, oK1l g, AgEW [AO| BF ¥
2 XQl 78 HHH= S8 2 ZgRoAL U
Aot o] A% EF-HEHE0] =1l +3
HIg0] Won =27t A9 gl AYoltt. E9
e AEEY, FHo] HinE 2 FRIE A
Aletal gy AgIe thg 7ol sl 1+
A7y EAE 8479 @@ E Zh=tt o= 3t
9] ¥O] SEIR= HHiE TGS AR IR
7b FHAIGHED 2o RERE do] fti=
2011 AZLe R okl Hog {ES
1l Q= ZOILHIH 6).

v, ORIl RF LLLS ¥Y, /EY, &
O] BF Kol ¢EAIH0] dtisoz W2 K]0
HEE ANYeg, +32 HIB0l w50 &6t
1 Fol AR QEERE fYo] "ok Ed
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AZE HIgW 2504 30 HIgo] Wol ASE
HIE0] &2 A|9HL} o Aad Fo] FHof
OR) dbE= 0] ATh LLLFES FHO
ZRE dg FFEPeitt 53l LLLFSolA
AEAE57 AFHA tV1E5es WER:=
on)e X#H o FE WESK| FthR|7}
CI2 {800 Hisl A WEECHHESI).

ATFoZ oKt GREE AHEH, $E9)
8%, BF 258 Ay g ZAE 90 /¢
e SNE LERID Atk FAE9 EL, 219
FY(LLH, LLL)O] S4& LERR Ol A1, 5
A, #3007 FEo] JouE Ho| AHAQR
oA Cto® [{YErh= Qmjojct.  THo] A
LIERt X2 09] {F(HHH, HLH, HHL, HLL)
OF A2 U0 U= Fhks gy F2
AIZER] RI9O2 LRI o= oRtol AlE0] &
g olo Isg sRe EE dshde
24 olLXI7} EE]7] eiEolct

2. 7fMx|Yg =& 2 o 8

1) g8 e ER X[Y(LHY) 473

k-means A0 OJgt BEHE JHARISI9)
st 2ol olgt 871 {8 & JHdo] gQst
FEe AUFoR Fdi AEdo] Wil ddol
ATEOR %2 LHL FEC2 A Ao Ht
At o] K9 EXjmlE FHQLE THE) B
FREEH HIE) C2HIE) mAg ) S3HIE
£OF UERITE B¢ IRl 2, 8Y, A%
& (20.1, 160.1, 107.5W/m2)0IACt

2 dF0IM T=EE JiA 8 X9 AIZIR]
GA10 BB 7IE A0l A E TAl
9] BFAl RIS FA( 80W/m2), FY (
150W/m2), AZAA ( 120W/m2)3t HuFES o,
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8lgo] A AEES  HrK
Spronken-Smith, 2002).

&= ®al

2) gtg M TRX|He| /o7ty

£ g3 gt 0%

FolA ORIOZ ARFE ofHo] wHglo) wh
g} B oX|Q] Wel2 Il FYT WIS
Ch T2 AR e Y, 89, Agd9 +
A Hsh= It Aol o)t FEE9] AFSEQl
HolZI} opd E4A] QA4S0 FEE NXE
WHES0IA 71018t Rol7h ot & 4= ATk 5,
T4 Biske ZH EEEC) wist Ro|Z ojojK|E
Z EA 18Q40N: o] rk ojof FHgH]
HloA] cEAREC] FoRio] welZE Y,
g9, AFE st HHRoR Hsleolor gl
JEA] S/ACE

aig §89Q LHL: o] o 7 : &
g AEE =1 : 8 : 59 HIEOJA] OFol= 5
D40 2 2 FH0] Bo] RRJshs EOE HHY
RACHE 4). o714 FA [BE] Hept 8
9] Hig ®HsiErt 9sde UERith AlRo]
S0 W} SAI180] 90%9! oA HIaA i
9 AE BB mE daE E & ATK
Williams, et al, 2015).

Table 4. Heat flux proportion rate by type
(Unit: Ratio)

Day(14:00) Night(22:00)

Type | Latent |Sensibl|Storag | Latent [Sensibl| Storag
heat |e heat|e heat| heat |e heat|e heat

HHH | 016 | 036 | 048 | 042 | 035 | 0.24
HHL | 018 | 047 | 035 | 046 | 040 | 0.15
HLH | 027 | 027 | 046 | 044 | 031 | 0.24
HLL | 045 | 027 | 028 | 047 | 035 | 0.18
LHH | 006 | 044 | 050 | 041 | 034 | 0.25
LHL | 0.07 | 0.56 | 0.37 | 045 | 0.38 | 0.17
LLH | 006 | 032 | 062 | 041 | 035 | 0.24
LLL | 0.09 | 046 | 045 | 045 | 0.37 | 0.18
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ORIIZINY LHLS 87IK] |§88 & 33t
HIE0| 7} w1l 1 Q] AFE, EF-EEY ©
2, 5A8 HIE80| BF WrHHE4). o= g9
gE9] 4 Wsl Higo] @A Feke Fal
Q71 mEolct

B JA7olA Fost ggE Jid "erYge
gede Seazle dile 3] Ql6lo] E5A
E HigoR ¢ EXuEQ4AE 18 VEE &
ofok sith Aoi] AEHE 1)E FFRE XS
W 4S9 FHA] BAHS ARSoi] /8E 3
NQAEC HRIE APst BhH(Stuart and Oke,
20122 €8 & Ut B 7oA AEE
g EXulE Q459 F8A Hde EFAY
AT/AAE + Uk B0 Y R¥e ¢
gloks EAREQAEN A9 Adde 2l
ACHE 5).

Table 5. Regression Analysis of Latent heat,
Sensible heat, Storage heat and Land Surface
Element

Standard error of the

R estimate i
Model| R |Squ Sig.
are | Adjusted F| mean |
R Square square

QE |.748(.560| 34.23 |.56|19600.18| 4 |[0.0
QH |.727(.528| 3114 |.53|17250.57| 4 |00
QS [.649(.421| 4627 | .42 (1121555| 4 |00

3) nEe4s¥ EX| FY AHHIEE &

gh Th g HAl

MES =A9F SHO| oA & o] g5
gt XYeg TAECE AHEU GALRINQ
LHLYR= 9HhQl Fdat Agdo] a1 §do] &
€ HLHREOIT}L [HL X9 gulsh] flsiils
ol HLHQ! A9t Rol= [HL ASo|Reut
WolH HLHZ} Bl= A9 15 Q48 AHE

Q7 ACKHHES).
Table 6. Daytime Land surface element

ratio/Heat flux of LHL and HLH
(Unit :W/m?

M. | M. | M
Type| gr |bldg.| im | wt | rd. | Late |Sens|Dtor
nt | ible |age

HLH [ 03]002 | 02 | 03 (0.1 104 | 104 | 177

LHL |0.03| 04 | 03 | 00 |02 | 20 | 160 | 108

grgreen space, bldgbuilding, im:impervious, wtwetland,
rdroad

M. Latent : Mean latent heat
M. Sensible : Mean sensible heat
M. Storage : Mean storage heat

LHL7&9 F/0Rt Wal(1g 7NE AmHH
2o LHL &2 X|H0] g TE fEsz ®
SiSILE. Ol EQOILIXIS] HBI2RE 71016k
Ot EX| uji=0] ot SgoRiale & 4 ATk

Day

Figure 7. Day and night change of LHL

EAl 10 Jgke HiFEg 42, BZoUXA]
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AF23 TRHIES OF RAITh | S99 &
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ofxt Hiulsl & o, Arisioz FAO] of 3ul, A
EE 0.24) S7kstal ojol wet FHo] OF 05
o2 ZASITHEG). ol o] +3370] B
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W 250 dojoh=s AP HIwA Wil K
W ORE S2¢& ¥o] #O} FI0) HlwA Y
gt Stoletal & & Ak

BIFOT, A9 FEA FEdo] IeHE
7 EaRKeR [HE FEH0] At SOl6HA
R 2819 AR E'td i B9
ooz EFERICL o] N9 EFY =8
A%E HIZ0| E} AHo] Higl dEeR &2
HOE 118 FAXOICL

Fo) FHE d#FJo] w2 1EQAE
So|al FEN HEF0] {2 Q4= =AM
29 A0l 0] =RV BErSE FHo| |’
ORdIC: S MEKIZ AEdol Be Bge
UAE Q4 FE6 =Agolth. TElal +3710]
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HoH FHo] =opal, =A7F AoAHE AL
AEdo] Wolritt. ¥ ARKHol= B4
HHHIE0| =HOIH Fo] Lol AFEHIE
O] =OIKH FHO| OIK[1!l E2E0] =OKH
REHO| =opzict,

EFFEEH0| oRi9] T 71E Be ¥
kg nEol BEREMRUo] AZSE Fol
LIOIK|A] €It} E=5F oRIo] dge dEkE M
IRAYE Astls AthHOR WHaPt 416K
&k

083 I /M =QRYoA EXuEE
Sall Fggo] gsst RYoz JAAF|7] Slal
QA QAFSH YSA|9 EXEE FOHIES A
gFoith. 879 MIES GFAl Q4ES AH¥st
7] 98l ARBEE AEE AHES ISA|Y,
NAEQAY Z12te] {8 sidts Buge
EE3IACL DI E, BT 24, FFA| Q49
HelE g AE9 ZFERRE S8 AEE0|
L} 7|2dgog movE YSA|goz HAs|
gt MIE, EAl 1584, Al Q489 H
52 ISAYE 7IECZ /MARINoIA Rkt
Halgolrt,

QA BAISH EFA] QA0 OiEE B &
AFE - 80W/m2, HE  150W/m2, AJEE-

120W/m2)ES efsiRH, IS0 thist &
0| 00 olslolEE FitolAl IA Hojd $X]
7b itk ®ie Ech metA ZiK0] Igest XY
o] MIE(SVFL 057 ot g5dt X9 HE
£0] 0852 O] 7idE0] U= A|olck
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Table 7. Basic direction to improve thermal

environment of type LHL (Unit : Ratio, W/m?)

Classificati HLH LHL

o Basic direction

SVF  |0.85(0.13)|0.57(%0.08) p'efefag'f SVF:

gr | 04(+0.35) |0.03(+0.13)[9-min. 15% A
bldg.|0.03(+0.07)| 0.4(+0.11) |bldg- 10% ¥

im | 0.2(+0.27) | 03(%0.11) im-10% ¥

wt | 0.3(£041) | 0.0(£0.01) [wt-max. 30%A
rd | 0.1(£0.15) | 0.2(+0.11) |d-10%w

Land
cover

103.6(+58.1 1.Changing a
Q (7) 201(£057)|gomooaition

1035(£ 136 160.1g:)t 24,5ratio of land

Heat Q,

balan cover

2.Need max. Q.

value of Qs
4. Need max. Q

0, [177.3(+:363(107.5(+ 152 3. Decrease Max.
s 6) 3)

* Seoul ordinance of building coverage, floor area, 2017
commercial area 60%, residential area 40~60%, green 20%
** R. A. Spronken-Smith, 2002
-SVF:Sky View  Factor, grgreen
imimpervious, wtwetland, rd:road

space,

712HSHET)ONA 1) DZES 0.38% HIMA|
7ick  23ES ALV FIst SR8E 10%
E/NECERN FEEE MAFIE TAE Y
A 2 ARAElE EQE S EETAEH
HIEW 28 10% AAARICE HFEE =0
7] Qe TAAIMN 37 SFARICL
geg 8 LeRYe EEEe A
7] flslo @4 A Sde fisilo |88t
ARIQt EXNEQAE s VIES TR
Ao EEE &+ Uk 2 EFolx Ao
KEAl AR} Aol AFRE HIFORZ SlARMS 2
1h, GFA GEO IAKE thet Zo] et
WCHEA] 2~4).

Q =6186 * gr - 571 * bd - 023 * im +
53 % wt - 4.04 * rd + 24.77 (2)
), =-47.08 * gr + 32.94 *bd - 11432 *im
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bldg:building,

- 3201 * wt - 5821 * rd + 34243 ()
AQ, =4461 * gr - 6742 *bd + 90.80 *im
+ 62.86 * wt + 91.68 * rd + 199.09 4

getd WIRolM EAl mEE 885
Iogt Aoz REE oA Y, 8, A8
Gl tigt EX] m1F 57IK9] JERle Yot
IFgo] EQslt). oo FAl QA ARQAE
9] AXS FHslaxt RS S8t SFIRAS Al
dalo] ux Higd Zt EA Q4] niXle &
e AgRoR AHEUTL

e WIRNQ] Fol FAS =X1(61.86)
o B7H63)0] B7tEE O Al &
tigrol 7ve 2 %19 ggol 7k ©ol 'l 1
ol 2 EFTEH Fo| et Fg=o] 7}
g A Aug, t2HIg EFeday HIEol
s FEe AT, dg2 A
0] Skl €9l AP Skl 71K ulE
40l =X, #32, EFTEY k& WH g
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wslo] g0l 71 ATHAR). AgEe ==
v Higo] 718 & S8 Wil SA8ERE 5
7R 1Be4aE Vi AA gge et dH
& HI80| Z4olH S7ketal LA 471K @4
Q L2HIE, EFEET HIE, +3HIg, SA
0] T7IolH & HEFH ASTITHA4).

d= gdeg MIRYolA FEa [FAo]
E1 §H0] A2 g5 AYeR Mgkl E
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€ 4% #HEe TP fdke a3 B
LR =AdRE 7K1 Agae 7RIV
Pkl ==HAE S7APIAL, AGE AP
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Appendix

XA (1oom < 100m'E
(AHAS)

=HAIE P8 M8

U7 We] dul=AlEgtal, Afduhe
Allen(1998)2] TubAPAAJALE  Cloud Radiation
Model(CRMEEE 018310] 4AFEsiRion, Zut
BEARFS Offerle(2003)2] NARP ZEe 0]&310
APSSIHCHTE A9l D).

710N QA B HE T et FuRsAt
g2 TAl § ok =9 I@KKshading),
k0l @y A= F-FIFE, SV, tRie
(albedo) S9| EFFQ FEe Wol HiNgAL
2HS, 1t TETREARK(L,)9 FHE "o, o]
E Bl 3o] TAISTMo] "ol = g9l
TEARHNet radiation, Q,)0ILHE4] 1, I8 A
9 @).

Q =8,+L, ()

»

Boundary
’ Layer
@ _L
Net

Radiation’ Urban
> Canyon
= o

» Longwave Radiation
» Shortwave Radiation

Figure A. Urban Canyon and Net
Radiation 1

Figure B. Urban Canyon and Net Radiation
Concept 2

THIEARKS,)2 B9 JdRpt gl XY
(1- Shade, ,;,) EEol= ZEUARKS, )t ks
o] ¥l FE(SVRO) HiZlohs ARKIRKE(S, ), A
2o ARl ulEAlE(s,, +5,,,) & A=
AEO(ey) TIEAPY Qi WEo EE6eR=(-
Shade, ,,;,, A20] HOl= FEE 1-SVF) ThilEA}
ge g% U, AFEHo| HRIEE Higa)ol 3
Sh= s AQSt Zoltks4] 2, I8 B).

S, =((1—Shade,,,;,) % Sy, +SVFXS,, +
(1—SVF) x(1— Shade, o;,) X (Sg, +Syipp) X)) X (1—a)

412

THINEARKL,) 2 dHsol g'l FAL(SVRol H]
k= FuEBARRKLW ), A=) TEek= Fu}
BEARKL W )it HalEARolA AutEAlE Hgy]
B B, xSy, +Syy,)) B BB FFEJCPHI-
o) ABHO| THoKe 2(1-SVRE 8 oS, &
& BIBARKIW )E AQst Aotk 3, 1
g B).

L, =[LW XSVF+(LWi +f,%x(Sy, +8;,)) 3
x(1—a,) X (1— SVF) — LW
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olet Z2 g Sall AFEE SBARNQIE &
Al9] TEit 22 I 54t dAGHH, Tl |
A(Sensible heat, @,), A (Latent heat, Q,), AZ
(Storage heat, AQ,)E TEE ¢ UTHFA] 4).

Q=Q+Q+aQ, @

4, AZEe RNgHo AR 924, &
BEAlE & Hlg0] 71 YOLKS. Kato, et al,
2007 REH %o gge nirct 58 3
ol A& 7F D Exish, 2t HE HEo
foletal g w, 33 Ui &8ARKE,), 37 U
THARES HElKAQ,), MEE FEH d+
8Hay, ay, o) O185I0] AFEE <+ tt
(OHME¥; Grimmond, 1991; 4] 5)

I
AQ = Z%f. x(aliQn tay, AQ, +a3i) (5)

CHEOE Sge Algo] 2 &+ A= g=2A
712z 718 & dge nxH E HEL
= #EY0] Eh FEES Bk s
AR ou ouX] AEIE WtATle &
Z2A SA 2 £ Il @o] AEEH g
(@) FLE(Q)E cEAIRA AFES A9
gt A(Q,—AQ)IIN AFHR(y), 2SSV
& 71€71(s), B4 (a, HE OI18310] =Hll
ErHPenman-Monteith Approach, $+4] 6-7).

Q = (Qn AQ)+20 (6)

1+( /s
(1—a)+(y/s)

Q=
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