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Effects of Landscape Design Elements in Apartment Complexes on Outdoor Microdimate and Thermal Comfort
- A Case Study on the Apartment in Gwanak-gu, Seoul -
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ABSTRACT

Apartment housing has become the dominant residential type in South Korea, providing not only living spaces
but also multifunctional outdoor environments for recreation, rest, and exercise. Improving outdoor thermal
comfort through landscape design is increasingly important under conditions of global warming and urban
heat island intensification. This study aims to quantitatively evaluate the impact of landscape design elements
on the thermal comfort of apartment outdoor spaces. Thermal comfort indices including Predicted Mean Vote
(PMV), Predicted Percentage of Dissatisfied (PPD), and the Universal Thermal Climate Index (UTCI) were
employed, incorporating metabolic rate and clothing insulation factors. Macro—modeling covering a 2 km
radius around the site and micro-modeling reflecting detailed landscape elements were constructed based on
the approved site plan and the landscape—specialized design. Computational Fluid Dynamics (CFD) simulations
were conducted using STAR-CCM+ to obtain microclimatic variables. A representative summer day was
selected based on a 10-year average of July climate data to calculate the thermal indices. The results indicate
that the landscape—specialized design reduced PMV by an average of 0.27, decreased PPD by 10.93%, and
lowered UTCI by 1.02°C compared to the approved site plan. These improvements are attributed to reductions
in air temperature and mean radiant temperature resulting from water features, shading elements, and tree
planting, This study demonstrates a quantitative causal relationship between landscape design elements,

microclimatic modification, and outdoor thermal comfort, providing foundational data for climate-responsive
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design strategies in apartment landscape planning,

Keywords: Climate-Responsive Design, Thermal Comfort Index, Microdimate Regulation, Predicted Mean
Vote (PMV), Predicted Percentage of Dissatisfied (PPD), Universal Thermal Climate Index (UTCI)

1. M2

LUt AF FH F S oV SEFER] offEe] AFsts F AAY] 60%s Etell(31EE,
2021), otE= oA tiRh=e] thaAl 7 %‘Eﬂi A2 Hx O‘ﬁKFlgure 1 32). %3 5A KOSIS 2=
off ofohH 450 Fas offEe] AFshs ] F3leH UL lof(Figure 2 %), ok oFtEZR: F
7 et 2ut SHleA ATEY Qs FATHES dEFL ok 1 olfE F FAM] iH] 2BEAM
Higo] 22 FE5] ool Jl(ER 5, 2015) 2uete] diEAe] FAFER] offEd digt 2739 F8
AL Uz o1 Qlrk
2022 iRl 27 50de 7dste] dmagstelol et ettt 27 S02RE o] offE xAo=
APie] ZREe] AEEA, olfE 27 3R Bt FA, B0l £F T V1A e dof AnlA, v, A
gHos st g st gt
SHASE offE 27 3RS HA] G4 @/Hurban heat island)old AR 5 glom 53], B oiz|et
FAE 29 BAF oiA=RE AHAQl gkE WAL Qlol, 27 33F ol8Ae] FEAge] AEL glem, o
£ 7Wdskart sk AAQI o] ofFojz] 1 Qirk.

B ool Ao x4 Egl Al 249 CFD(computational fluid dynamics) £4& 53f ojule 95 37t

KeX
=4 =
o] NS Apeln HRHoR BRI 4 G WAL AXfslel, 27 A4S B4 vl AAdew
2Asj] 27 T2k ol8A] WYL PAILA et
2. 0|24 a3t

GRFMNN ke 28 WA R A, WelE, =AAE S 9 Aol SieK(endritzky,
2012). 271k 718, 3% | 5 7V 945 sl RS AESP] Atete], 29 At A9
O, 259 2 Ao B3 o] & Al o n|Rete] WAE Sl 2% e Austele F
o7 AgPxle] 931 QItHKrzysztof Blazejezyk, 2012).

2.1 2% 24 2

2.1.1 Hi(heat index)

Heat indext= 7]2(air temperature, T, C) T+ At (relative humidity, RH, %)2] 40z AA2 dnp
U 9 w7k=AE e AL ok st 22h 1_‘_—4 AN de s S EotEA sl A
£ w5} B gA LA Sk A 20T oPde] Z1elA faste ulmels def 2olu gl A5 v &

700% :f :: 76.20 74.50 7470 77.50 76.85
50.C M(,_.-r.:——‘a/é 7-f 0o 6040 _»- <150 o o 5780 saas
00 - s i e
P 50.00 5230
e /# 40.00 2950 2870 2950 3160 1
300 L.-‘-_—“-\—w—_ —-——Q—'——__.
AaL ;f HE 3510
20.00
10.0% P
10.0% ‘f’ﬁ/ ;:,1
% L 3 2012 014 2016 2018 2020 022
1970 1980 1990 2000 2010 2020 2030 =
Figure 1. Ratio of apartments to total housing Figure 2. Apartment residence status by income level 0
Sourcet 2/45(2021) Low-income, Middle-income, High-income

Source: http://kosis.kr

30 | SH=22 SIS A 543 25(ER 2343)



3
gl

Il
oo
@

1
F
J
f
o
0
[N
o
N

P
1z

A9 182 FRETHTable 1 #X).
HI = -8784695 + 1.61139411 X T + 2338549 X RH - 0.14611605 X T X RH -
1.2308094 x 1072 x T? — 1.6424828 x 107 x RH + 2211732 x 107 x T? x A1)
RH + 7.2546 x 10* x T x RH - 3582 x 10° x T2 x RH?

2.1.2 Humidex

19654 Zivkctolld HErE Humidex®s 7123} ol&3(dew point, C) I3]3 57]%Hair vapor pressure, vp,
hPa)9] WA (Masterson and Richardson, 1979)22 HwZ{ol Algo] dupt Hi, 557 wr7le AE Y 34
2 TEsto] UehdtTable 2 %)

2.1.3 ET(effective temperature)

713 e 121 S (wind speed, v, m/s)TF 22 7V Q471 ASKE I fUIAIRE e F W
e B9 Aol ks ARl 2RE SRt 5, B, 2ot T T e vt 2ol g
AR FEste] G 9 ofE Zgo| ot Ak 7iEoR ATk Effective temperatures W
NET(normal effective temperature= £3 7oA 28W7F =9 7VIARE 7122 A56-991 AL
(11-392 o] ARFHKL and Chan, 2000; Table 3 &=%).

2.1.4 WBGT (wet-bulb globe temperature)
= o] T F GRS ATkt AEE WBGTE A 2% (dry-bulb temperature)?t 571 2%

Table 1. Assessment scale of heat index (HI)

Heat Index (C) Category
27-32 Caution
32-41 Extreme Caution
41-54 Danger

Above 54 Extreme Danger

Table 2. Assessment scale of humidex

Humidex (C) Degree of Comfort
20-29 No discomfort
30-39 Some discomfort
40-45 Great discomfort, avoid exertion
Above 46 Dangerous; possible heat stroke

Table 3. Assessment scale of effective temperature

Effective Temperature (‘C) Description
below 1 Very cold
1-9 Cold
9-17 Cool
17-21 Fresh
21-23 Comfortable
23-27 Warm
Above 27 Hot
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U 2L 02l= B 24

= 4
T = o o

(wet=bulb temperature) 12|17 B 2% (black—globe temperature)?] 71EA2 AR} WBGT A= US
Army SolA Qi B £9Agto] yjZo 7 ARE T 9JriYaglou and Minard, 1957; Table 4 &)

2.1.5 WCT(wind chill temperature)
A T F MY T eE T o GF2 1l AT Sl 4o & YoM, Tt A
10m §] E&(v,00& 7|8k & WCl(wind chill index, W/m)7} 7H=]9ich

WCT = 13.12 + 06215 X T — 11.37 X vio* + 0.3965 X T X v *12)

SEURoME = At R|4korea wind chill temperature index, KWCTDZ 3-8slo(H52 5,
2007) 7Vd7geld 971 o] Agstar QleKTable 5 H5).

2.1.6 PMV(predicted mean vote), PPD(predicted percentage of dissatisfied)
thAtH(metabolic rate, M, W/m?), ZFejaK(clothing insulation, clo, m? x K/W), 7]k, HEA

(mean radiant temperature, mrt, C), 3%, 7194 5 71 84E WIA7|HA divt mlAAIEC] L7
L 297e EEste FAHAHS HUYSIE Predicted Mean Vote(Fanger, 1970)= ul= WP5E x5}
(ASHRAE) #F 552 AEiElo] 33 152 AW 9] H2/do] gt 2ms A= gk F3E 15O
7730(Third Edition, 2005-11-15) ‘Ergonomics of the thermal environment — Analytical determination
and interpretation of thermal comfort using calculation of the PMV and PPD indices and local thermal
comfort criteria’= ISO(international organization for standardization, http://www.iso.org)o S-FEo] &
ZAR0 Aol CJsf 1A LEHES 5L 4 ler, PMV gl dish AlEe] =l 2UE HEE
HAIER Uehll= PPDE o§shd, ATl ol B2 2Id 4 Qlh ofwt dif A3} Alitol
A 23E didos APERIchs A7 Jck(Table 6 %)

Table 4. Assessment scale of wet-bulb globe temperature

WBGT (C) Recommended outdoor activity
Below 27.8 No restriction
27.9-30.5 Caution

30.5-32.1 Increased caution
32.2-333 Extreme caution

Above 33.3 Danger

Table 5. Assessment scale of wind chill tempterature

WCT () Health concerns
O0to -9 Low risk
-10 to -27 Moderate risk
-281t0 -39 High risk
-40 to -47 Very high risk
-48 to -54 Severe risk
-55 and colder Extreme risk

Table 6. Assessment scale of PMV

-3 -2 -1 0 1 2 3

Cold Cool Slightly cool Neutral Slightly warm Warm Hot

32 | =2 eEA] A 543 25(8F 234%)



HIRS U5 0|8, 2R
PMV = (0.303¢ %M + 0028) X M - W-EFEy-F-Fe-Ce-R-0 A3

ts = 35.7 = 0.028(M - W)
Es = 0.42(0M - W - 58.15)

ts: Average skin temperature [C]

M: Metabolic rate [W/m?]

W: Mechanical workload [W/m?]

Es: Evaporative heat loss from skin surface [W/m?]

2.1.7 UTCl(universal thermal climate index)

20004 =AXE714515](The International Society of Biometeorology)olA Eefstal 20048 COST(European
Cooperation in Scientific and Technology) Action 730(2004-20099)-& 53] 9% UTCl(Universal Thermal
Climate Index)= Z1773¢] of® 2|9, 7|%, eFolMT 282 4= Sl AAAQ JSl9] eFehy 2925 &
okl ltk(endritzky, 2012). QI7Fe] HiAld, Zole &8, tVIRE, BHEARE, 5 3719 2 Adks
9 845 Allelo, 71&E 24 2pete] Bl F7RE Foll S%te] 99k veiAl dedS 109A= st
of, rldH, 35 WS, TAAE, B 9 ok A B 9 Z2 ] 5o A8 4= Slrh Brode(2021)0]]
ofaf Aeje UTCh= thaalt Zo] AlkarkTable 7 ).

UTCI(Ta, Tr, va, pa) = Ta + Offset(Ta, Tr, va, pa) (A 4)

Ta: Temperature

Tr: Mean Radiant Temperature

va: Wind Speed [m/s]

pa: Water Vapor Pressure

Offser: UTCl= UEhts 7120k AA) 37125k 79| #jo]

22 o F0iMo] 2 Y A MY A7

AT 520082 e TAUW QFeEe] 24 Wt BAE HelA effective temperatures 7HAIR
standard effective temperature(SET*, AlBERE-20)E S8ot3lom, Sel3ztolais Al Hjsl] 24 2zl
et 7IhA)7}E vopde ERIskl, Auighs 7o s AH V1] 29 AR &9 F1te] Hrlof A
83 ¢ =Rl diel Tyt d 7hsAde A-stoitt.

85 50014)9] sw25A4T 52157 I A BAsle] UTCL PMV, WBGTZt 5 So87t =

[¢]

Table 7. Assessment scale of universal thermal dimate index

uta (© Stress category
Above +46 Extreme heat stress
+38 to +46 Very strong heat stress
+32 to +38 Strong heat stress
+26 to +32 Moderate heat stress
+9 to +26 No thermal stress

+9t0 0 Slight cold stress
Oto -13 Moderate cold stress
-13to0 =27 Strong cold stress
-27 to -40 Very strong cold stress
Below -40 Extreme cold stress

2RSSR A 543 25(EH 2343) 133
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ASHARTE s etk G ANE HoiFdl ol sHAIN e 21(2019)% st S9kegt A
A @A A& T UTCL PMV, WGBTS o}83le] 540 we a4 e vl E4aioled, swoast
=2 84 A7t w2rS UTCe Rord #840] wotle Zka Erlsiolont, PMVer WBGT= 4] S4¢f
TR el fhe ACE ZAEII.

Aedl 5201902 EAREAT fefdelel G4 o] s PMVE A8et 75 B3 erlE(crown
closure)? AFHETF w2 o] wopla, FFH] 7
AYaL g7 whzel Aol wish PMV ko] 34 Grks Zs Hasiglnt.

gl HRIEQ02D2 AdS ol w9 ARE A F 29 WSS PMVE JIHeR AR

z

PET(physiological equivalent temperature)S 28314y, AA= A EnviemetE  ol89t CFD

AN
-{Oll
5
Y
o[N
N
1o

)
o
=
3
8
5

N
N
ol
i
rto
e

(computational fluid dynamics) 4 53 Az
7ol 372R1 ol Hehde klsioirt.

HE} A7g2](2025)= EEE TS 91et ZkRisA] 2Ag9iAlel uhe AARIERS Envi-mers o}83F CFD2
A Foll TR Bt PET 9 duj=Eie] PETE 2185te] Gajad

o
MT
i
_?L
2
i)

4 A7 Fol At VAL, 2018, BT R4S 29 AEe] AHBL AT Sk 9o
W B S99 7t EE UBuE0] Ao ofd olgAt MEES Pl ARHA 24 AAS S
9371 £ o] 7 AR olu A MRS AT 4 Gk BAVE Uik B A
SN, VAR, R A, Eleles A 5 27 A 840} moEel w2 A el 29

F2 el el CFD w42 Ssfo] Afgalolal 2oz siQlsfarat dkTable 8 ).

Table 8. Application of outdoor thermal comfort indices in previous studies

Reference Study site SET* WBGT PMV PET uta
QUZAH 5(2008) Apartment complex 0
=83t 5(2014) School 0 0] 0
ZAs 5(2015) School 0 0] 0
4521 S(2019) Urban park 0
HHE+ S(2021) Apartment complex 0
HIZS 5(2025) Street greenery 0

Table 9. Thermal climate index with factors

Mean
Air Relative Air Vapour Mainl
Index Abbreviation ,“_/ Dew point . radiant pou Metaboic | Clothing I y
temperature | humidity velocity pressure used in
temperature
Heat index HI 0] 0 United States
HUMIDEX 0 0 Canada
Effective temperature ET 0] 0 0] Central Europe
Wet-bulb-globe 1SO7243
tem X rat?;re Wet / Dry bub US Na
e blackglobe v
Wind chill temperature WCT 0 0 ISO 11079
ISO 7730
Predicted mean vote PMV 0 0 0 0] 0 0
ASHRAES5
Universal thermal
. . uta 0] 0 0 0 0 0] 0
dimate index

34 | =2 eIRA| A 543 23 (S 234%)



QPR gt 2 S BT Ad) Al SET*, WBGT, PMV, PET, UTCI A4t ARSEILS
), £3] PMV, PET9} UTCL A7t Be Aeke ‘ﬂé‘zk%i & 4 ok BEpE2012)-2 B 2AAE Otk
of ol87k5et BERAE= PMV, PET, UTCIZF Hk HHEstelh. whehy 2 dAfolie fA8T, 2533k =
olFzk AR 5 27 A ok Qo] Fael] wE 29 RS Yot] flste] PMV(predicted mean
vote) & AFESto] olof theh PdET=EE(PPD)S &Rlsky, UTCl(universal temperature climate index)E ©l-8-5}
of 2] 24 HAYE 24, Brketarat itk

ARSI il Qo] oF 18721 9334 o] (20251 3¢ by QI ADSH: tEAQl <
TR Aolr, & A7 TR Bl 24 AohEE FF W wot Kol fIAIsk, =AME] WA
ol giAIste] tiz]e] uAARE +64.0014] +82. 077}11 18me] ol= Qo= Yxo} F49 JFE 2P
Fasith. AA2E~28%2) 97E 997HHIS] A% BEFEeR 2AFl0] +64.0 M, +73.0 i, +82.0
12F $4%2= 9AIskL Slol, 4zt 0?16}1 TAFGO] APt R offEe] ofgh AXAQ] FLHsiet
[7] ofpfE F74E] Ot WA o FLah FFe] Hsp} ol dhaAl Wl FAE T4 vt g

é
_]\1

5 ARl 27 A6l ool 37} £908 27 45 9 A48 Al et ulr)F A 7i540] e 574
%&411 38 st

9= 2014dRE 2023474 1092 718 R AEA9) dloleE Bealo] R A)e, A
G e BAT T 27 S5 Aol o S AR el e 4 AL 4o A 29

%
nE

g1 PR 72, SR d¥d ol 7}” P FoiA] oF BEe slol F4 42 diEde |
A AR & 49| 7% dolHE #-gstgltt. o el 7 2@t

ﬂiﬁ%isﬂ B %bﬂ Tk B4

gol 2 4 ok, 199 9ol o T o]g-E&o] AstE 1
o] A ALY, IEAE, svEE 5 2 A ¥ *V;j%
& e 78S B4 difeR AAstelth 10497 78 Baghd LS
20144 79 214 10A1 124, 144, 164, 18X19] 712, &k, 3% 5 71F dolgE A&ato] AlEHo
A S TH(Table 10 #X).

o,

Table 10. Hourly air temperature (C) and relative humidity (RH %) of selected representative days by month (2014-2023)

Time January | February | March April May June July August | September | October | November | December
Slected Jan 5, Feb 23, | Mar27, | Apr19, | May 14, | Jun 17, Jul 21, | Aug 26, | Sep 25, Oct 8, Nov 13, | Dec 31,
date 2023 2015 2016 2019 2023 2018 2014 2023 2023 2022 2017 2017
10:00 -31¢Cc/ | 03c/ | 80C/ | 128C/ | 190C/ | 230C/ | 271C/ | 266C/ | 209C/ | 163C/ | 66C/ | -05C/
' 68% 57% 48% 50% 52% 66% 73% 69% 66% 65% 58% 73%
12:00 0.2c/ 33C/ | N9C/ | 137C/ | 220C/ | 248C/ | 296C/ | 27.7C/ | 241C/ | 189C/ | 9.6C/ 14¢/
' 55 44% 35% 45% 42% 56% 60% 63% 55% 55% 51% 47%
14:00 1.5C / 55C/ | 126C/ | 1775C/ | 238C/ | 268C/ | 306C/ | 298C/ | 258C/ | 205C/ | 108¢C/ | 3.0C/
' 47% 37% 21% 39% 39% 44% 60% 53% 52% 47% 47% 28%
16:00 32¢/ 56C/ | 123C/ | 191C/ | 23.0C/ | 266C/ | 309C/ | 30.2C/ | 253C/ | 209C/ | 11.3C/ | 27C/
' 41% 45% 23% 36% 43% 51% 56% 59% 55% 46% 51% 26%
18:00 0.9t/ 29C/ | 97C/ | 189C/ | 221C/ | 250C/ | 300C/ | 287C/ | 242¢C/ | 187C/ | 11.3C/ | 07C/
' 43% 53% 37% 34% 44% 59% 62% 62% 56% 50% 57% 31%

S2RASER| A 548 25(EH 2343) |35
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ReRe gzjet Ay 12y A5E BEE AEeleldd 4 qlo] suiejellA FEs] TAVAAN]| ARE 9l
= Rhino 6 Z2 TS o]83IFTHAASL} AR, 2014). Macro modele dRIAIE F410=2 2 X 2kmo] #]
Hu} AR = ol :,7-1‘:' S 4m unit cell2 Yo, Micro model& tgA] Wi 97iEat ofdloly, 74 &
SA 5 A5E WA UiF A, Dry Area 5 BE (7R ES Im unit cell2 BRSO, 7t
cellolf= BHEARRES AR & Sl B4 HloleE d=ioto], Figure 31 2ol & 3,700,2067H9] cell& 53t
AlgElopdos e gt Ak 7FsoHA sisict.

w

.3

n7]1% 248 Q5] A4S sHcomputational fluid dynamics, CFD) Z2 1319] ARgo] Q7 E o
A 5(2024)2 SiemensollA 7HES STAR-CCM+ T2 T3Ho] Q¥ SAME ZF Aztg 4ol i &
v A Ale ARZslste] BAR @A EAEHY] fol Agete dlsiglon, AAE 520242
STAR-CCM+& TA] 37toflA] &84 e ARReltozA 7F 2149 44 545 Al 4 Qe 34

N Hr
ot X

2
ol o

o ek olglrh & AFIME F A, I HAL 35 % FF § wVIF ¥ AEYeld 9 BAow
STAR-CCM+ v.2210 = *}%o} E} H Al Beto] B4 FFE Macro modelo]l J2stod
o

23} 2747 o] B4}
£, 2 oI 449 5 ¢

3.3.1 A=t AlS01E Hlw

TEFE AR-E7e] FAA BAS 9t kgAYt BA9] S elAE AT Sete] v B9
20259 79 259 24 11AlA 16A17H] o el thigh 71¢aAE BA71R 5704 § Figure 49] 47]4 A,
B, D, E ZJ3ellq ASstolet. 24 o ©xjol AEet off 84 2703} side 91t 71% 223 Table 1191
Aeletoltt. @ A5 9] A8 208 7P A 713 NEEE dlole|(data.kma.go.kn)E E-E5Hct.

B4 2 g 7lleKEE: Tid80 PRO)E #oggh nizhd mw2o] 2|digtat 2j4at 19y 2t 59
o ers ARG Wizl )eEe AZg glole], STAR-COM+ v.221008 AkgA|elst BAe B4 Al
g AgkS Table 128 Fof ER1% 4= glrh

e Hwst 2= 7]1L9] BHAYAHMAR)E 1.05C, BrHAEZ2XHRMSE)
. HL L o] A9 MAEE 1.53C, RMSF= 1.69C=2 UEhith ¢ dskde gifez gt
CFD 9ol +27C o]yl eak= 48 713t M2 H71=H(Tominaga et al.,, 2008; Blocken, 2015), & <
T oA Ak AE Anet Hlwd o FEA 50 S FHE Ao wekE:

a: 2km Macro-modeling around the site

b: Micro-modeling inside the site

Figure 3. Site modeling by Rhino 6
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Actual image

Simulation model

11:00

12:00

Simulated surface | 13:00
temperature (left)
Infrared thermal

image (right) 14:00

15:00

16:00

Figure 4. Comparison of simulated and measured surface temperature distributions by time at analysis locations

Table 11. Simulation conditions for validation between field measurements and simulations

Category 11:00 12:00 13:00 14:00 15:00 16:00 Source
Solar altitude (degree) 62.4 70.6 71.9 65.1 54.7 43.1
Solar azimuth (degree) 122.5 151.9 196.6 2311 250.3 262.7 KMA
Simulation Solar radiation (MJ/mf) 25 35 29 34 21 1.1 Open weather data portal
conditions Cloud cover (ratio) 08 0.7 08 0.7 08 08
Air temperature (C) 30.7 31.6 321 331 325 320 Field measurement
Wind speed (m/s) 20 2.1 24 2.0 38 24 Field measurement

Steady, Three dimensional
Turbulent, Realizable K-epsilon turbulence
Physical models Gravity, Boussinesq model
Segregated flow, Segregated fluid temperature
Surface to surface radiation, Solar load model

STAR-CCM+ v.2210

Mesh Polyhedral mesher, Prism layer mesher (3,700,000 cells)

Table 12. Measured and simulated surface and air temperatures by location and time

Air temperature (C)
Location Category
11:00 12:00 13:00 14:00 15:00 16:00 Average
Surface Measured 330 379 348 36.2 358 354 355
A
temperature Simulated 300 353 347 375 337 30.6 336

3HR2ZSIBIA| H| 543 25 (5H 2343) |37
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Table 12. Continued

Location Category Air temperature (C)
11:00 12:00 13:00 14:00 15:00 16:00 Average

A Air Measured 29.7 31.7 314 324 325 320 31.6
temperature Simulated 26.8 29.5 30.6 33.3 32.3 27.0 29.9

Surface Measured 31.0 %5 35 3.8 346 4.1 39

temperature Simulated 31.2 384 349 374 337 30.0 34.3

° Air Measured 2.2 319 28 315 318 2.8 22
temperature Simulated 29.0 30.8 309 325 320 27.5 30.5

Surface Measured 37.0 8.2 355 380 36.1 35.2 36.7

temperature Simulated 36.0 4.7 355 34.6 324 31.0 35.2

° Air Measured 22 317 25 321 25 39 25
temperature Simulated 311 32.8 325 33.6 327 31.6 324

Surface Measured 32 317 27 321 22 328 25

temperature Simulated 34.7 38.9 343 36.3 335 31.7 34.9

- Air Measured 30.6 320 314 3.0 322 321 319
temperature Simulated 31.2 32.7 32.6 338 327 320 325
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a: Approved site plan

Figure 5. 5 Analysis locations
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Location Approved site plan Landscape-specialized design
A
Children's
playground
Playground area: 837n 2-story tea house
Separated by a 4m-wide pathway Water playground (Water surface area: 146n)
B
Children’s
playground
Playground Area : 564nm’ Mist Fountain
Separated by a 4m-wide pathway Corridor-type Pergola (L: 51m, W: 1.8-3.7n)
C
Entrance
Complex sub-entrance Sculptural pond (Water surface area: 126n7)
Simple green space within paved area (38n) 1 Multi-stemmed Pine (H4.0 x W5.0)
e ~ \\ .“ 69 '3 T by
D
Pathway i
1.5mrwide oonc.rete retaining wal stairs 1.5m-wide natural stone retaining wall stairs
(Level: +73,0-+84.5) 3 pine trees (H10), 75 birch trees (H3.0-5.0)
5 pine trees (H5.0~6.0), 5 White Pines (H3.0) o ’ R
E
Pathway
3.0m-wide concrete retaining wall stairs Tea house, Mist fountain
(Level: +64.0-+72.0) Rockery waterfall and 2 ponds (W.S.A:: 103m?)

Figure 6. Plans and characteristics of the 5 analysis locations
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HES, Y, OI8R, Z&4
a: Approved site plan
104|
b: Landscape-specialized design
Figure 7. Air temperature simulation results
164] 184
b: Landscape-spedialized design
Figure 8. Mean radiant temperature simulation results
Table 13. Simulated microdimate variables for the approved site plan and landscape-specialized design
Approved site plan Landscape-specialized design
Location Time
Ta Tr Va RH (%) Ta Tr Va RH (%)
10:00 27.6 283 21 703 24.4 24.4 0.5 85.2
12:00 31.9 36 1.2 51.5 305 30.5 24 56.1
A 14:00 359 382 21 431 314 31.0 0.0 56.2
16:00 32.3 349 1.0 495 314 31.3 1.5 52.5
18:00 30.2 30 04 62.5 29.7 288 0.2 64.1
10:00 27.9 287 04 68.9 251 25.0 0.6 81.9
12:00 31.5 394 1.1 52.6 31.3 311 0.7 53.3
B 14:00 322 40 1.0 53.6 31.9 31.6 1.4 54.5
16:00 31.9 34.8 1.2 50.8 314 314 0.7 52.2
18:00 30.0 30 0.1 63.3 294 291 0.1 65.6
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Table 13. Continued

Location T Approved site plan Landscape-specialized design
Ta Tr Va RH (%) Ta Tr Va RH (%)
10:00 27.9 286 1.5 68.7 255 258 04 79.9
12:00 31.5 333 0.5 52.7 30.7 31.0 1.3 554
C 14:00 320 35.7 1.6 54.3 321 34.1 1.1 54.0
16:00 323 36.6 0.8 495 324 33.6 0.7 494
18:00 29.9 299 0.2 63.5 30.0 30.0 0.2 63.2
10:00 29.1 32.7 1.0 64.2 26.7 272 0.4 74.2
12:00 31.6 36 0.3 524 31.9 34.9 1.3 51.5
D 14:00 320 394 1.1 54.1 331 357 0.3 50.7
16:00 31.7 35.6 04 51.5 31.8 320 0.6 51.2
18:00 30.0 299 0.3 63.3 30.0 299 04 63.2
10:00 253 297 0.3 80.5 250 251 04 82.3
12:00 338 34.1 0.5 458 282 288 0.2 64.3
E 14:00 33.0 421 0.1 511 30.5 30.7 04 59.1
16:00 31.9 37.9 0.5 50.8 295 30.2 03 58.8
18:00 29.9 299 0.1 63.5 278 278 0.3 72.0
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Table 14. Calculated thermal comfort indices for the approved site plan and landscape-specialized design

Location Time Approved site plan Landscape-specialized design

PMV PPD (%) uta PMV PPD (%) ura

10:00 1.1 298 280 0.5 10.9 26.8

12:00 23 87.5 32.7 1.9 69.5 30.3

A 14:00 32 99.6 35.7 22 86.4 324
16:00 23 89.3 33.0 2.1 81.4 31.9

18:00 2.0 753 31.8 1.8 67.6 31.2

10:00 1.4 43.0 29.5 0.7 14.0 27.2

12:00 2.2 84.7 324 2.1 81.8 322

B 14:00 24 91.6 334 23 87.3 32.8
16:00 23 87.5 32.7 2.2 83.1 323

18:00 2.0 77.6 31.5 1.9 70.2 31.0

10:00 1.3 383 29.2 0.9 20.7 277

12:00 23 86.7 326 20 75.1 31.5

C 14:00 2.3 88.9 32.8 25 93.2 33.6
16:00 25 93.1 335 25 93.3 335

18:00 1.9 738 31.5 2.0 753 31.6

10:00 1.8 68.1 31.3 1.2 33.2 288

12:00 23 87.2 325 25 92.5 33.2

D 14:00 23 89.3 331 29 98.4 34.8
16:00 23 86.8 325 23 87.5 327

18:00 1.9 737 31.6 1.9 72.2 31.6

10:00 0.8 19.9 27.6 0.7 16.1 27.3

12:00 2.8 97.8 34.7 1.6 553 29.7

E 14:00 2.7 97.0 34.2 2.0 719 31.9
16:00 23 88.7 32.8 1.8 68.4 30.7

18:00 2.0 76.6 31.5 1.4 47.3 29.8
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