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Prediction of Micro-climate Impact by Floor Height Change Scenarios in
Housing Renewal Site
: Focusing on the Temperature, Particulate Matter (PM10), Fine Particulate Matter (PM2.5)
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Abstract

As Seoul expanded, several buildings were constructed in a narrow space within the city, so situations that were harmful
to humans, such as urban heat islands and stagnant air pollution, continued to occur in some areas. Ventilation corridors
are being planned in cities to alleviate microclimate conditions and air pollution. Climate factors and air pollution, which
can change at a microscale, can be derived through simulation to help plan and create sustainable cities. Based on urban
and environmental planning, it is important to predict changes in climatic factors and air pollution on a microscale for
spatial planning and structural changes. Therefore, this study attempted to compare and analyze, using computational
fluid dynamics, how climate factors and air pollution change with the number of floors at a redevelopment planning project
site in Seoul. ENVI-met was used to compare and analyze the temperature, particulate-matter, and fine-particulate-matter
changes inside and outside the study area before development and during development planning for floor height change
Scenario 1 (N type) and floor height change Scenario 2 (U type). Compared with before development in Scenario
1 (N type), the temperature decreased by 0.54 °C, the particulate matter decreased by 43.33 ug/m?, and fine particulate
matter decreased by 30.63 ug/m?. Inside and outside the study area, compared with before development, the Scenario 1
(N type) temperature decreased by 0.15°C, the wind speed increased by 1.11 m/s, particulate matter decreased by 18.83
ug/m3, and fine particulate matter decreased by 9.73 ug/m?. The buildings located on the outskirts of the study area are
relatively low, and the cool wind along the Cheonggyecheon Stream flows in, affecting not only the inside of the study
area but also the outside space. This study can be used as a guide for building planning and decision making for urban
improvement projects and has meaningful implications for future apartment complex planning.
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F|gure 1. The location of the Study Area
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Figure 2. A block plan of Study Area
Source: https://cleanup.seoul.go kr/cafe/mainindx.do?cafeUrl=yongdap
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Table 1. Development plan and floor height scenario plan

Building coverage and
floor area ratio

Building floor height

Scenario Scenario
characteristic S
Building ~ Floorarea .4, 300 103 104 105 106
coverage ratio ratio
Ugliness of
Before residential area 29.5% 65.6%
development
on the lower floors
Development Horizontal skyline 12% 250% 23 8 30 30 8 o5
plan plan
, Induce changes in
Scenario | airflow outside 12% 250% 18 28 35 30 35 18
(N type) apartment
Scenario 2 Induce wind road
(U type) formation in the center 12% 250% 30 28 20 30 28 28
P of apartment
- . . Aljsba QuFAQl FEFeel A B3] 2 4 gl 2vjoletele

2F

Figure 3. Scenario 1 floor height plan
Note: Gray shade area is development plan
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Figure 4. Scenario 2 floor height plan
Note: Gray shade area is development plan
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Table 3. ENVI-met area input data

Data

Area

Factors

Simulation boundary

Value

200m radius of site area

Building wall surface

Concrete

Land
cover

Inside the site

area

Granit stone Pavement
(road)
Concrete pavement
Brick

Asphalt (main street)

Area Input FiledAl= A%E2] 9129} o] A2, EF 9 200mradius of ~ Concrete pavement (alley)
} _ Site area Water (stream)
EAuEA L, vAEA] LS Askh e e A= Pavement (subway)
Aot Foli= AEA Y E.LEZ*EE‘“;H%(ZOZUQ N Particulate matter source Main street
AP} AS dago|g AL 20198 ALEHA AZE subway line
Table 2. Environmental information for each time period in the model (2020.12.11))
Index Particular matter  Fine particular Temperature Wind speed Wind direction Humidity
(ug/ ) matter (ug/m’) (°C) (m/s) (deg) (%)
0:00 98 78 8 1.1 305 76.8
1:00 97 73 74 08 311.4 77.3
2:00 96 72 6.7 0.6 250.3 86.3
3:00 84 64 6.2 0.5 189.2 89.5
4.00 87 67 6 1 534 86.5
5:00 80 63 57 0.1 49.6 88.6
6:00 89 69 53 0.2 52.1 86.3
7:00 97 69 5 1.1 458 86.3
8:00 95 78 5 09 254 86.2
9:00 98 73 53 1 22.8 84.8
10:00 107 80 6.3 0.6 1948 82
11:00 104 81 79 0.5 95.1 72.8
12:00 99 76 8.4 1.3 2279 62.6
13:00 87 69 9.6 1.5 3174 56
14:00 98 75 99 2.2 318 54.3
15:00 89 70 10.3 2.1 300.3 56.1
16:00 91 69 10.3 2.6 271.2 52.4
17:00 86 69 9.7 24 2734 57.3
18:00 101 77 9.2 2.1 254.2 60
19:00 107 81 9 0.7 258.1 65.1
20.00 115 89 8.6 1.2 2759 67
21:00 105 83 82 1.1 307.1 68.6
22:00 101 82 8.3 0.6 280.8 69.1
23.00 91 70 7.7 1.3 278.5 69.7

Source: Korea Meteorological Administration (2021a); Seoul Open Data (2021); AirKorea (2021)
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Figure 5. Before development temperature
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Figure 6. Before development particulate matter

Legend

Journal of Korea Planning Association Vol.57, No.6 (2022) 129



St 10}2}- O0|Ct OOk - E[R{H - Bf Xt

10:00 15:00

I Bclow 1549/m?
[ 16 to 35u/m®

36 to 75ug/m?
I ~bove 76ug/m?

20:00
Figure 7. Before development fine particulate matter
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Figure 10. Development plan fine particulate matter
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7H*?=_P Ak Aluke] 2 1(N)9] A AA| 2rAHA] Fvt 5=
Aol & A HH 10~124101= B+t 15.69ug/m?, 13~154]9l=
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Figure 12. Scenario 1(N) particulate matter

& oJu]h= Mo go] Holil, 13~15A EEE B vigo] &
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HAZH RS RS 71501 Ale 2 AT 4 Qi) sk

o] F7ksh= 10~124], 20~22A]0ll= WIAIHA] R2et e =2
ol M= AA|8] ZHNWA] FE7F WolA]= AE &
o, E28 AAHoR ZuAWA] FE7F U Zlo] obd A&
FARAZE WY A A =2 LAfA A7 A=
o] ‘- LRE () 0] A& waL QIeK((Figure 13) ).
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Figure 13. Scenario 1(N) fine particulate matter
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0.04T EU4tH(Figure 14) F2). ol vigko] Fal= tiA]
QO] 27} AUE] Q. 1 HTH= EobA] do| AA s H3E
Btk F42] 79 7 A v w2 uff A2 o7} HAYstA]
QAL Alte] e 13} Bl Wi Bt 0.11m/s A4t

A AA| v AHA ] Hit FEE N A Bt et Bl
S 1 10~12A] B 7.93ug/m?, 13~154] 26.55ug/m?, 20~22
Al 17.68ug/m?® A=t AlvE] e 1(N)2} v ughe of wE
o] W 10~12A4] Bt 16.54u8/m?, 20~224] 13.79ug/m?2] <=
AW FE7b F7IsEAL, wEo] Wol gl 13~15419=
0.99ug/m*>H Z7FsFItH (Figure 15) &%), Alve]2 1(N)x
th= oo alt % iﬂ} 10~12% 57131 H}E*Zj_b] a5 1
&5 2|2 S
A EEH T Sl HXIOHHE Ul*ﬂ”ﬂlﬂ w9 L
B Bkt A %UIHIEHZI HEE UAUA] 22 A
S vletA Uepgon aEske] W 10~124 B
15.23ug/m?, 20~22A1%= Bt 13.06ug/m? AZE o, EaF
o] WA] ¢k 13~ 1549 Hat 18.18ug/m? F=7F AgstAch
(Figure 16y =), Aue] e 1(N)3 HZHS T 10~124]

r:Ll

it 4.26ug/m3, 13~154] 1.55ug/m?, 20~22A] 0.53ug/m? 57}
St s Bt

13:00 14:00

below 7.22 °C

7.2210 7.37°C
7.37to 7.52 °C
7.52to 7.67 °C
7.67 to 7.82 °C
7.82 to 7.96 °C
7.96 to 8.11 °C
8.11 to 8.26 °C
8.26 to 8.41 °C
above 8.41 °C

JRECENNNN

15.00
Figure 14. Scenario 2(U) temperature

Legend

132 "=EAE, M57HE Mo (2022)

10:00 156:00

I Below 30ug/m?
[ 31 to 80ug/m?

81 to 150ug/m?
I ~Above 151ug/m?

20:00
Figure 15. Scenario 2(U) particulate matter

Legend

10:00 15:00

I Below 1549/m?3
[ 16 to 35u/m?

36 to 75ug/m?

I Above 76ug/m?

20:00
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WRIR) 243 ZS - 10f2}- Of0|C Ofokz - HIR 4} 3

, @A AR, 4= W3k Alvk] 2 1(N), Alute
9 2(U) 22 diidA] Wi B 7122 6.30C, 6.20C, 6.14T,
6.19C= AL, A o] Hat7]22 7 A 6.48C,
A HLAILRY) 6.39C, AV 2 1(N) 6.29C, Ay 2 2(U)
6.35CE UepT], nlAH A &) 79 ti/dA] Wit Hat Alue]
9= 717} 93 33ug/m?, 87.13ug/m?, 79.79ug/m?, 83.62ug/m?
o]aL, Qo] mAHA] Bt 5= 212F 105.96ug/m?, 100.04ug/m?,
95ug/m?, 97.63ug/m3%= AT, tAdA] YRe] ZulAHA|=
AU LR 74, 17ug/m?, 67.96ug/m?, 62.79ug/m?, 65.25ug/
m?= EEE| QL & F0) Zu|AHA = 83.54ug/m?, 78.58ug/m?,
73.91ug/m?, 76.33ug/m>9] S=7F AL, o dA] AAeF |-
Q5o 7], uAHA], ZUAHAE ANOVA #4412 A8t
At 22 AU 204 p-value p<0.001% 2ot AnME ©&
FH((Table 4) &=2).

FEAHAL] AV @7t Aol 28 & AEH 7]2o0] ¢
shel ZoR B, ol A ¥, HFEC] =5

= Auzo] 4TSS, §HBo| HA4E T4 IYEUS

>

dofshz Ao yehd 2 AR wiete] AukE HRITH (A
1l 2], 2017). SPAIRE 7ol o] F1X1 3t 11 A oflA = &
Ao] ehabE A" BAARE 6314 o) o] =R Algko] Y
Eof FAo] A& Hage AT 4 A FHFHAY
T oA AAlH ez aapaQl QT dekE Heibe aE
A 5 g o | x| ARl A W SR etel A
A 2SSl o= USthEE 2, 2019). PAHEAR =
oA A S] - 81 5 10~ 12400 =7 7P A Yelee
g, ol vlAER|el AR 24 92 St
ohz} ojxpA o r B EE W/ EEET AR Aol

Table 4. Study Area ANOVA Test

LB 10~ 124] Afolol| S5%=7h 5| yrehd Aat frAksHA| vet
HoHEE], 2019). WAIHAE ZAHA] H5F 124] o] o] &
T7t gl 1 o]l U gk SRR @A) vst
A mlAEA| 2 2o HA] A7l wEEF fAte] F4AQl =
7103, =] MiARre & 5 A7 FHA7E EAS| wiell
FEo] YA o7 viR| o] AatHRl FEAE Fold 4= 9l
S A0 R ofliE

A - o] 7] 22 A R 144]9] 7]20] 7P w9k
o, ek o] 712 A= 72 0.23T, 0.23T, 0.15C,
0.21C= YehdtH(Figure 19) 32). HAHAIE 2gwgo] &
2 1A 7MY =2 528 Bt Alve| e ® 5ot 7ug/
m?, 5ug/m?, 10ug/m?, Sug/m? Ato1E HEATE Zu|AHA] HA|
W 2 A= 10ug/m?, 15ug/m?, 17ug/m?, 16ug/m?® & A&
Holom nAHR] 9 2ulAHAl = wewkl W Faks v
& (Figure 20, 21)< 54 gelsfE 4= ek

ko] ARFEEA 7|22 Rol| Ak, A Holek= AE
EA oz Qlaf o} 583} vlaLsA & 2to]E UEhfiA] 2ot 2o
2 H3lr}, ujAHA et Zu|AHA = o] AZEIL, 2240
e 23U WS SRS Qlet, oA distell= 7 & vt
o] Folf nAHA] 9 Zu]AHA] B AZES)
Aol 7HE Mt 0] 2po]7} F FOo 2 et tiA| 9
A= -] uigZo] Saf) A3 AR W},

)2
2]

Kl
B
=
>
)

V. 22 o AAFE

E 3= CFD 2499l ENVI-metS 283 A5 9
o] A= FtollA AR 47} wslel w) &, ulA|
WA, ZOlAAR] 7} o B Eekx]=A] vaEA skt

Study Area
Index Mean Srandaraleon 95% confidence interval
difference (SE) Frvalue LS Lower limit  Upper limit
B.D-D.P -0.1012 0.7030 1.1692 0.017%* -0.29901 0.0965
Temperature B.D-S1 -0.0687 0.0977 1.1465 0.032%** -02562 0.1187
B.D-S2 -0.09 0.0981 1.1785 0.013** -0.2783 0.0983
B.D-D.P 18.1795 2.7699 1.1358 0.025%** 12.8647 23.4944
rﬁgﬂgf'ate B.D-S1 18.7991 2.6706 11102 0,054+ 13.6748 239234
B.D-S2 14.3620 22673 1.1380 0.0227%** 10.0115 187125
Fine B.D-D.P 8.9637 2.1864 1.1344 0.0471%%* 47685 13.1589
particulate B.D-S1 9.7391 21702 1.1594 0.0271%* 5.5750 13.9033
matter B.D-S2 9.1912 2.3001 11181 0.062** 47779 13.6045

B.D: before development, D.P: development plan, S1: Scenario 1(N), S2: Scenario 2(U)

*p<0.05, #*p<0.07
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A 715, mAEA] 9 2eAEA] FeE AW ESIL S-DoTE
&l A Q129 w75 2 A Yol 28 1|
A B 1)71 0k oW S SRelskint, A7l

dojuf= F7rollA 7 A, AlZlE ALY, S Mk AUt
2 1(N), AlvE] 2 2(V), & 47H] Al 2.5 71Pd8l 712, Al
WA, 2o AR E AR,

A A 14419 72 sl o AR LA (]S
1.40%, AUEl2 1(N)2 1.53%, AuE] 2. 2(U)E 1.02% 71290]
wropglt, A A 11A19] vAHA] Feg 2] AU e&
s o A APUALRHES 11.55%, A2 1(N)e
14.5%, ANU2] 2 2(U)E 5.49% 43t 23S =&t 11419
Zu|AHA] A @Y 7HHP7ilﬁ(°P)£ 7.82%, vl L 1(N)
17.22%, A8 2 2(U)E 7.76% 7H4stgict, @74 7aA1E(eh
& TUSHE S5 7HAAL §lol A 4 215 Afolof| A mlAIHA]
7F A == o] A& A sk aL, Aluke] e 2(U)= ARk

o2 ke vl GAIZ B0l oAt ool £ 3o
AL JlaA] 7 E2 % AEFAXA vigo] ulAx] £
3 2ol BRreh, Al 1(N)elA dhAA ejEne we 54
2 24508 1) vieo] B YizkA) felEo] nlauA] Aol
i 17% 14 SN Aol 23] 2 el o, B o
Q%I Aele] FEANIAY 37 A 514 Fe] ABE A2
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A Sk A BAOBR, mABP /A oA = Fis]
T Wk AYe|ed Aog Helth shAgl NFoE AR

QA AR 27k Hold 4 Qlok A} ERjsts A
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ot ERE 2 AollMe So stz 712, mAHA], 26|
A Hatof] HofA S AT, A AR H oz 74
ol WSk A% Hl|ol 50| WSk T Lefsjof slmw o
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Tt L7tolRl(W, ME )0l et At 5 Q72 AP
Aol £ £l wsﬂ QB S410] S5o] 2slel

S A 98 Ao A,

21, 0712 (Microclimate)= X7 150 22 X2 ZZI0|M £TX Fe= 4%
Moz LIEILI= BE 7|52 E2I6Geiger, 1942).

22 BEHS FEAXPIHLHEH|AII ZSHhitps: //https: //cleanup.seoul. go.kr/
cafe/mainindx.do?cafeUri=yongdap:)2| AIZZHR, RZE, BiX|E, TP
Mt HHEES 7[ZE02 Sl ZHUAI=(RNt ALf2|RE Mottt

3. UEY Me1 R Mis HEFHX|GD LRFAXS QoM A=k
NE29| =0l= Yx 59| HEE floto] HEYUS(EILHmS 21
thX[ZANS 22 E 72|o) et thiEZE 22 Fok= &0] 0[61=2 af

OF BICL"E 7IEC 2 57 0| A7EIE FICh,

52

F4, 5{215(2019)0] MaSIT 9 7|43(20210) X=Z 0l =A| L 0|
&= ARt DIMTHX| S0t HEMCE H0Xl= AEE =&t
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?_]_ O 1= Od
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