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ABSTRACT
The purpose of this study is to propose effective scenarios for green areas in apartment complexes that can
improve the connection between green spaces considering wind flow, thermal comfort, and mitigation of the
urban heat island effect. The study site was an apartment complex in Godeok—dong, Gangdong—gu, Seoul,
Korea. The site selection was based on comparing temperatures and discomfort index data collected from June
to August 2020. Initially, the thermal and wind environment of the current site was analyzed. Based on the
findings, three scenarios were proposed, taking into account both green patches and corridor elements:
Scenario 1 (green patch), Scenario 2 (green corridor), and Scenario 3 (green patch & corridor). Subsequently,
each scenario's wind speed, wind flow, and thermal comfort were analyzed using ENVI-met to compare their
effectiveness in mitigating the urban heat island effect. The study results demonstrated that green patches
contributed to increased wind speed and improved wind flow, leading to a reduction of 31.20% in the
predicted mean vote (PMV) and 68.59% in the predicted percentage of dissatisfied (PET). On the other hand,
f0] =22 J021HE HE(ZSE)0| green corridors facilitated the connection of wind paths and further increased wind speed compared to green
AeloZ FiEciTAClo| QIS Hio} patches. They proved to be more effective than green patches in mitigating the urban heat island, resulting in
FRUE 7 |=AFARIAU(NRF-2021R1 a reduction of 92.47% in PMV and 90.14% in PET. The combination of green patches and green corridors

AGATAT0045235), 1=rishe S demonstrated the greatest increase in wind speed and strong connectivity within the apartment complex,
S| olo SRS resulting in a reduction of 95.75% in PMV and 95.35% in PET. However, patches in narrow areas were
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found to be more effective in improving thermal comfort than green corridors. Therefore, to effectively
mitigate the urban heat island effect, enhancing green areas by incorporating green corridors in conjunction
with green patches is recommended. This study can serve as fundamental data for planning green areas to
mitigate future urban heat island effects in apartment complexes. Additionally, it can be considered a method

to improve urban resilience in response to the challenges posed by the urban heat island effect.

Keywords: ENVI-Met, Green Network, Wind Corridor, PMV, PET

1. M2

1.1 & Hiigat =4

EAGHEE BARPE RSN 22 13 AE 950 18 AR 57} QFg AAo] S, 1
2 =2 9 o wAo] e TA W olE E T FAll TAI9] 57] gto] HsfiEef A Ak 9l
THHoffmann et al., 2012; Herath et al, 2018). 984 A& ZA9] 7128 AXHL}; Bt 232k w2 Ao=2
ZAEglon, AE £ 5ol E2Rl TAle 11 9] AFe] Hsh HelolA dd@/de] e AoR Skl
SUckhttp://data.seoul.go.kr). Al o1FE &2 HARE 71F BA @] 7HEEA Qo] T AR APHE
o S 94 W Qef A&Eo] i W gk 7] diRt 87 o1 Qlrk B9, oFE BRlE
TA W 0] I AFshs FRR0R EAGHE] tiRt th3e] iy a3t 83 2 4 lrKlee
and Chung, 2017). 3k, HT%VE‘% K] ke FEE A gl e S 22 2 w9 ofge ot
E 94 U 7179 2% e frideted HREE Asfeta, o= U0 14el= BT 9% nlA oltE
o2 Y 7|5 S peeh ke o 2} PAItKRyu and Ko, 2010). 1)71% 842 /HAdsl] 9l w2
o7 Higds 246 SfeliA =] 37 5ol didk 227F BaskHKim er al, 2004; Cha et
al, 2007; Park et al, 2017). & B0, FIE <A 4 US AL FA] ¢F2 F&3} Higte] 550] A%
Hog ofofl FL ALE A @ % ) heel, B4t FUS oA vl 2
42 A §id EAL 3719) £k dEoH & 4 S 57\1 g 7o) S 84vt F 4 QltkPark
et al,, 2017; Kim and Kang, 2018). &3, TA] W =2] Y P2 =79 dd&AS Eg)| vigkdo] AT}
<8lof 7]ofelo] mAIQAAAS ekt 4 ItHCha et al,, 2007; Sodoudi et al., 2018). w=hA, HiFAS 113
o TA W =2 YEHTS] @42 TA] Y debdat vigeldel dith w42 ol TAl dd@del oigt alEgt
IS IS o Se T87 I 7 4 Slok A EEA S AR IAY 2Rk SfRt e, &
Al Gl diet BEE FEE S kEor J|E AFES =Ao] gt e JiA aE RARE &
£0] FE olFo] gtom, tifE FFAY N HEde 24 e #Acke Zol S R 9l
(Matzarakis et al., 1999; Ketterer and Matzarakis, 2015 2015; Jo et al., 2017).

AFAAELE S B9 oFA AR, AEAS LA T ksl SALE(ED), FROELT
(SED), S1S4-2%(WBGT), UTCI(Universal Thermal Climate Index), PMV(predicted mean vote),
PET(physiologically equivalent temperature) 2] Tt Z|E7} 7idE]o] AREE|T QJtKJeong, 2016). 4]24/\4
& el FFS mAlE 71 891 712, BHEEARE, F4 55 A4tk o s Hdsle <
A7t QAJeh= H9let F90ell digt WS aA2 ARt Ze%, PMVeF PETE H7Pt 71‘60}E]<Fanger,
1970). PMV®} PET= ThE AEST th2A] dafalde] 93ke Fv 984 84 del= 2o, 2539 /i
2 @4717] Aesh| o] thg AES. E} IRk A i g7p glo] AAAER] Aol 7hsshHAE, 7491
2 g4 Aol mE FAdol WE 4 QItkKim et al, 2011). PMVO] 7, E2o= At AEo] Wel=
-0.5-0.50]9 2.5-3.5& 7t @4 /\—Eﬁﬂi |, 3.58 ZIoH Hrhd SE= AP 943 AEYAE ¥ A
B2 EREthFanger, 1970). PETE 18-23TC0| dligold dxo= et Aejold 35-41CE 79t G2 AEd|
2 A 41CE 298 39 I A% 47 AEHAS = AElE ER%HMatzarakis et al., 1999). PMV
9} PETY] 7|%& 2= QHA/dS Fdohe dkter gt 3719 552 59 A S 7Hﬁ%l’ S
v &S AXE 4 ok
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S8 A9 A FoR, UY - SRS Al B4 grtoz FRerkEum, 2019). %, wxio}
B 4e Hige] 552 Bl TA] Ul Ol A, o U B0 48k Ak &
of wRH 42 7] oot B AE & A 5o P

L

Hf
a 9lem, 3719 &ghe FAA BA Wi 1R3lE STl AE 7P 4 lthElgamal, 2017). o]
2 [e)

o} FAll Tk Fefe] HEEZ &2 v SES Aokl HEEY o5 ¥goH] slof Wil F719 2%
5 5= 988 o 4 tHCha et al., 2007; Sodoudi et al., 2018). TIA] Hol|, v 552 vlFd4S

o] SIal =219 Zo)7] wizol, HAQ AR A} A1 A A FS 237t =2] HES]

£ Jfolo] Highdes ZAohs Aol TAIGARY A4l 7K aatAl Aos Azie 4 Qlck mepa A
ol ERS 52 £33 HiE s f3e sk, ddee AR 52 311 Zele= AHojsin oY - &
AR HARQ] =] FTRI p:

ole} T2 EAAHFY 2
F& AMgdh= ENVI-met, Solweig, Rayman 57 22 Algefold Z2Is o 4
et al, 2017; Aboelata and Sodoudi, 2019). E3], ENVI-metS 37t 845 vlelet 2dlg] 9 njy|s RoAld
of ket meaHoR AlZoA 7|2 Tt 9 dE4S EFoH w2 4550] AT} AlEdo] Qlo] =
3} AlEgolAdo] n)7|5 @t B4 wo] ARgEl= T2 J#o|tKSimon, 2016). ENVI-met Z& 7312 njA|z] =
Hol| At ofjet AXZ] ZHoME BAo] 7155]10d(Sodoudi et al., 2018; Kwon et al,, 2019), 7}&24= A4 o
Elof| T2 2L HEE BAGH= njAA BAolWKKwon et al, 2019) TA] U AQ9] &2 YEYT 32 &3] 1
Hol M2 g2k HA gl digt B4 S(Jiang et al,, 2018; Sodoudi et al., 2018)0] 7}53tc)

wEpA] 2 AollMe ZAGHBY AEE ARt B2 f3S ARG 9RE =4 AlE §39] AUR|eE AlE
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2. O U

W) EAGHRA AL $IF 54 99 mESP] 919 2 Aol ENVI-mer V4 olgstel @4
opgA1] e BRI Bt of2 wioR dxel TS A RPL wele Atele R A

Select Study site
Tool : ENVI-met Spaces

Modeling Data : 2021 Gangdong-gu DTM 1:5,000(Source: NGII)
actual situation S-MAP 3D satellite map(Source: Seoul) (for plant modeling, instead of field investigation)
Model Area: 560m x 520 x 330m (112 x 104 x 55grids)

Simulation Tool : (simulation) ENVI-guide, ENVI-core
& Analysis (visualization, analysis) ENVI-met Leanardo
actual situation Input : AWS(Source: KMA) (temperature, wind speed, wind direction, relative humidity data)

Scenario Planning

Scenario Modeling

Tool : ENVI-met Spaces
Model Area: 560m x 520 x 330m (112 x 104 x 55grids)

Tool : (simulation) ENVI-guide, ENVI-core

Scenario Simulation Input : AWS(Source: KMA) (temperature, wind speed, wind direction, relative humidity data)

Result Analysis

Figure 1. Flow chart

Tool : (visualization, wind analysis) ENVI-met Leonardo
(PMV, PET analysis) ENVI-met BIOMET
Result : wind speed, flow, PMV, PET
= Comparing results of actual situation and scenarios (measuring height : 1.5m)
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2.2 Gt LR

= GTE SRt AR RE A Sfetel AREEAICIA 71V AWSS] 2020 6-8€ 712t =3l
€ sl 7t 2RaTE B2 Ade BRI, TR 5k @Sgk 71 AWS ARE olgsisler,
7V Rl 2 e ARIE ol 2 iReE ARSI, Al Ul A9TE F 20 B5al] Ve 9
St Bl vluet A, o HAr2a Havle g Buighe 25.349C0H, T w2 32 26.724T
5 7SR 7FE T eIt & S o] Watgh T4.71%01H, 7MY w2 2 76.64%E 715t X E
g AET AEEId 20208 69-84S TIEoR e 1HE] & A1 |2 Bt =Rt A
AW Aol 7P ot ZFET EEe] et 7P et 3l Sl oFtE EAE ARIETe ddA=
A7gelSickFigure 2 2. Al dV3AIE AE oltE dxl= 20160 34 oltE ©A® 3559 517 59
oftE=R olfojxglon], F 365847t St itk olE WA= Y9 S wARE FHom e &
A= FEE] et v 2SR HFEe] glom, WA 929 F8 mAE B A ¥R 7T
dado] itk 2 Aole o] A oRfE AAS SHCE 560 X 520(m)e] HAos ASISIHY,

2.3 g7 g

2.3.1 ENVI-met & QAR

St FH 9 Foll wE FeEo] Wil ERRIsky] SIRE TA| 7St oiRE Febd wAolA H AAH R
7V @ol o]4E1 9= CFD 22e ENVI-meto|tHTsoka et al, 2018). ENVI-met2 37+ 849 mdlzly}
AlgEloldE Adcte] =219] 7§ GItE 2T 4 e ZROoR =2 XAMYu ARMdo] SItkSimon,
2016). 12, ENVI-met2 A7 37k 183 = 153 BdY 12 2 39 199 7 A=E
sk dell gAPE 9lom, thdx] | 9 "Els] Afto] EoldhE Algdloldnt Gy g g ARt
o] A485k= @o] AItkSong et al., 2014; Tsoka et al., 2018). ?HH, ENVI-met2 0.5-10m JI2=9] STz
240] 7Fs5™(Bruse and Fleer, 1998), AUt n7| 3] WSS A& 4= §lof At tldA9] n7]$ £49
A IHKim and Kim, 2003).

olo] B Ao e ENVI-met?] BE % Spaces® REH5F ENVI-guide®t ENVI-core® A[E&o}AS A
ol om, ENVI-met®] LeonardoE o185l =2 3ol wE vz, BIOMETS ol8ate] Fa/ds |
o BAslgIh BA ST 5 x SmE AAsiggon], mEe] 371 560 x 520 X 330(m)olr, 1= 112
X 104 x 55702 Asilet. ofuf Zgk oAl W Ao Z119] 3ulel] sfdohe= 330m= Aot off 2
g 2 AEF)AS o ARET Alee FEAEEAES] S 1:5,000¢] 20214 et $AAREL AEEE
A 20208 S-MAP 3301 QWA 71 AWS ARmolal Algdlold 2iztas Table 13} 2ok 2izta]

9 2 &
[

Gangdong-qu, Seoul

Keymap

AN

Ld A Source: Google map

Figure 2. Study site
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Table 1. Simulation input data

Date & time Value Weather condition settings Value
Start date 2020.08.25 Wind speed 1.1m/s
Start time 04:00 Wind direction 13°

Total duration

Maximum temperature
24h - pe / 36T / 24C
minimum temperature

Time interval

Maximum relative humidity /
minimum relative humidity

Th 43% | 94%

Roughness length 0.1m

AEHPRIA B B B Ve, i 1V AWS RS ol8ste] Aiskglet ofnf 2020t
7o) 7V w7 B5H Eof WelE Y] ffel AlgEeld A 20201 89 259, 24ARtom Sl R’
A 271kl YFe Hassl] sl ArEeleld AR A2 AXEelt @S MRS ke WOl of
2 oFe] Ao wfie]] AlEelold A A1k 4 4XR AAotdtkSalata et al., 2016). &I B

o= Y] WZollLim et al, 2022), AREelol RO Bt FEQ1 LiIm/sot 7P w2 W]
T THEeE Aokt BIOMETS ol Vg thas ffet dlofeie 234 a9l sfigeks 712 3
TEARRE, &5, Arhaet il 8ol sidshs Aol Al diikes st ojnh AkSet EH a
[e]

B

N
o
1% d
Ti

2ol 2Rl 0.6Cloo} QIRto] QP Adefioll ] A= FR 1.48Mets tHISITHMun et al., 2015).

2.3.2 ALRIR A&

dpgAle) vl AR Bl Site] Hikds % dagnt oY - Sk e Bl HX0) ¢
o % TS FHSl0] Aot TeT 7] KBS ol Alteles A Atele Ase g 7kEA
91 20204 894 259 14Ae]l Bt &2 0.45m/s01, HEe] 582 tiA] S6&l &2 1149 1% =
Afo] Pgo] o] HMESISTL dVdA] A&l Fo] Wkl PMVE PETE thdA] 44 W9l 95.42-96.49%
7} 7Y SRR AR 94 AEA Aeje] sfidelgitt. olet 22 ] viEeal deS vpEe s vt
e 5 Ud - ket 98:9] de 8ot Figure 33} Zo] AU LS 2Pdsiglrt Ud - Shkee ¥
Al w2 FCE Aol HiXE, Ad&2 AHY w2 FRieR Hu FeLE st HiEe] S5
52|9] 2xo] wieh Gej2)7] whze] @A w9 viE @3 =2 fEe ol =215 HiR]soR $KCha
et al, 2007). HiEZ& Aol HIE o3 uf, wEOo =Tt o]Fol] M= HIFe] SES Hfd 4= 9lon
2 wE PR AHeh xifo] "ashy, Aot W WA =7t 2AE o €% WA &t 3o

%! &
2

l"

o

)
(Elgamal, 2017; Herath et al., 2018). =#]2] H&o] -2 HQol= HalH =20 Exr} 2k Z7tof fv}zo]
o, U] ofo] SPYEH 5,000m” thele] WAS 717l A7t Ratslo] six|sls Ao] & Al 7Y a8F
o|cKJiao et al, 2017; Yu et al, 2019). oJdf =27} #Uet sfgloz Exet of 2% gt 34 Yepdtt
(Asgarian et al., 2015). Bl Aeld FejeE o8 uf, o] Fapet A% =A= 3719 «ghe dgat
A s Qg A &t AckElgamal, 2017; Sodoudi et al., 2018). olm] F7] Ezkh 11 F9jo] Eot
7Fe ok Al 98 ohe Tk A Aol AnblolcKHsich and Huang, 2016). HigFd< A<l

a: Actual situation

b: Scenario 1(patch) ¢ Scenario 2(corridor) d: Scenario 3 (patchr+corridor)

Buildings
M Tree
Hedge
Grass
Patch
B Corridor

A

V-

Figure 3. Actual situation and scenarios
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slsle] T W A2 Shelnt mAle] WS WAt 7se B2 el H4 100m
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& ol AT PV, PETS U300 B2 ) 3 B 445, et B o 55 welo
Bur} Aol 1 QYIS Hlizlo] AT 2102 BT PMV, PETE 527} 842, PMV, PET 449
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29] AHoln, 24 ol Ao njA e vejsiod 1.5me AASIATHLIm et al, 2022). ol 2

High 2 PMV, PETE B% 1.5m £0]9] 24|
BE2 AR HlnE Sl B A 63l FHR ZAIEA

3%, 7 ol ) 1 7

3. Zat %

31 HRRe

7t AU Q= ENVI-met®] LeonardoE o850 43t vigte] 584 w2 w]7|&
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240] WalE Tolel
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Objects

a: Actual situation

b: Scenario 1(patch)

¢ Scenario 2(corridor)

D DD DD DA D D 200 200 ZAW FA HD 1608 1500 S Fa0 | |
x

d: Scenario 3(patch+corridor)

B above 1.80 m/s

g A

O Point

1.60to 1.80 m/s
1.40 to 1.60 m/s
1.20to 1.40 m/s
1.00 to 1.20 m/s
0.80 to 1.00 m/s
0,60 to 0.80 m/s
040 to 0.60 m/s
0.20 to 0.40 m/s
below 0.20 m/s

Figure 4. Wind speed of actual situation & scenarios
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Pointl Point2 Point3 Point4 Point5 Point6

Wind speed (m/s)

N

Actual situation M Scenariol(patch) Scenario2(corridor) M Scenario3(patch+corridor)

Figure 5. Comparison of wind speed at Point 1-6 of actual situation & scenarios

Higte] 539 ¢ Figure 6 F), Al 1)) viet 252 HAE FHoR vigo] of2] Yo £
A AdRIL 2AFe ) TR WR7RA] il gEIglen], eet T Aol Hieido] AHI: Al
Uele 3R+ w) e £ 539 Higas dor <ol 9 W] vigde] ZetA AdEglth 712 =
= Auzleclq S50] il ARl Al 29 A 49] T5 A 992 v o5S 9 24eielth 2K 2
€ we% PAE, T 1T FEE ARl T S50 el A 29] wige] o] sk ottt Al
A de YA FH k2o SHRE, v koM T2 Yz ZAEP] mheel S50] S,

3.2 GHHES St BexzAE 24
3.2.1 PMV 4
Al (actual

el situation)2] PMV Bt 4452 FL2 ARt 94 AEF A sfgdich Au]e 1(a])<]
PMV Hazke 223, ke 5742, Bagie] 414900 AU 2299 PMV Jazke 219, ARk
5.642, Hatgo] 4010130 AU=lQ 3R+ EE) o] PMV HAagk 2.14, gk 5.52, Btato] 3800131
ok PMV gk @ Al AV 1, AU 2, AVEQ 30flA] 4.45, 4.14, 4.01, 3.800= ZHASIHTHTable
2, Figure 7 %), PMV HAE 59l =271 Gajalgel] 71oigke <RIsilct
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Figure 6. Wind vector of actual situation & scenarios
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Table 2. PMV of actual situation & scenarios

Minimum Maximum Average
Actual situation 242 6.67 4.45
Scenario 1 (patch) 223 5.74 4.14
Scenario 2 (corridor) 2.19 5.64 4.01
Scenario 3 (patch+corridor) 214 5.50 3.80
PMV
[ belw2so
[ 250w 350
B :bovesso
Objects
I cuidings A
a: Actual situation b: Scenario 1(patch) ¢ Scenario 2(corridor)
Figure 7. PMV of actual situation & scenarios
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Figure 8. Comparison of PMV of scenarios with actual situation
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Figure 9. Comparison of PMV of actual situation & scenarios

S 31.86°C, Hchgke 62.52C, Bagke 43.00C%ch AUl 23259 PET HAzke 31.65C, gt
5876 C2, BaEe 42.08°CH} AUR]L. 3@+ a)%)] PET A 31.407C, Xdighke 57.87CE, Bt
& 40.77°CYtk PET Bgke @ A, AUl 1, AUae 2, Auele 3oflA 45.34C, 43.00°C, 42.08T,
40.77CE 74319t Table 3, Figure 10 %), PET #4E Sd SA7F Gzl 7lojeke Slsiyint.

& Zgeiet AvkE]eo] PET Hlu= PET 34 HAS ol SRlskoint. ol fom]eh aske LOCHE]R] A
oF Hoktt @ Aot vluge o Azl PET 7 HFe, Auae 1)l 16.78%, Alue]e 2=
2ol 64.25%, AlUele 3@+ Zem)old 77.31%% Z7151% K Figure 11 &%), PET 7|30 w2 e
actual situation¥} Al=] L. 1(@%]), AlUE]|L 2(ZE)%), Ave]e 3(@x+Fem)e] PET 7 HA (%) Ha
SlckFigure 11 =), ofnf Atjrog dzoz et e (o] wiiel et 92 A~ el PET
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g7 AEfA Aee] WAL A A= 69.38% AUEe 12 51.81%, AVEIQ 2% 44.28% AU 3&

Table 3. PET of actual situation & scenarios

Minimum (C) Maximum (C) Average (C)
Actual situation 3230 62.52 45.34
Scenario 1 (patch) 31.86 61.25 43.00
Scenario 2 (corridor) 31.65 58.76 42.08
Scenario 3 (patch+corridor) 31.40 57.87 40.77

a: Actual situation

b: Scenario 1(patch)

[ below 35.00 °C
[ 3s.00t041.00 °C
I cbove 41.00 °C

Il cuicings

¢ Scenario 2(corridor) d: Scenario 3(patch+corridor)

Figure 10. PET of actual situation & scenarios
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Figure 11. Comparison of PET of scenarios with actual situation
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Figure 12. Comparison of PET of actual situation & scenarios
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