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Setting values Derived values Variables
Ly Land use Nipax  Number of all created buildings| g Rotation angle of buildings
By Building use h Building height (m) Xy Footprint centroid
w Weather data v Building volume gns) coordinates of buildings
Uy SiEpims n Total number of residential unit] -
2 Building floors | g, Sum of the sunshine
E Abuilding hours of each residential unit
by combination | P Total sum of residential units
of unit plans satisfying more than two
consecutive sunshine hours
[A0] AbEH 7]z A9
f@ =g@) +h@) +i@) , T = Npax
U= (%1, ¥1,01," X Vi O)
n
L1 Z
9@ ==> a
t=1
() =L
n
i(¥) = UDI mean
ITE A8 Ao ohE B 54
- A7 ToltE 14(B), 37HA) HA7E Aol AdE HAsh wWieks A8
B7] 95 AfolER A4
- A, B A 55 FAA AlEdloldste] tixH Aol wigt A, B F A9 X Hat
71'0& 7;"/1\}
- 2 AgdeldoMs LAY dE9 A% 2719 AE2 el SHE dAEgA 1Y
Shla &2 EAJo digh ARk ofefl :el A
.. Current Current Number of Building
District Land use Land area BCR FAR buildings floors
A BBroning oy amsn 929 293% 5 13
district
B3 zoning 39 393 4y 17% 211% 10(12) ! 12
B district
A+ B BBOMNE sog0600 199 % 240 ° 15(17) 12, 13
district
P23 o x4 L e 289 212 A4 38 f ot 4.
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Test 2

Test 3

Test 4

Test 5

Simple box with shading

Sphere with shading

Building shape with shading

Building shape with windows and shading
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Category

Ladybug

BUILDIT

Cumulative Sky Metrics based on

Climate data

Analysis period
Sky patch type

Modeling tool

3D Modeling type

Analysis point

Incheon’s Energy Plus weather file

(EPW)

8760 hours(a year)
Reinhart Sky

Rhino

spline(NURBS)

Center point of each Mesh faces

Imported Cumulative Sky Metrics fr
om Ladybug

8760 hours(a year)
Reinhart Sky

Unity

Mesh and Non-Uniform Rational B- Mesh(Imported modeling file from R

hino)

Center point of each Mesh faces

Using Incheon’ s EPW data

Cumulative Sky Metrics creation .

[a2]
~
3}
o
£
@
—_
)
<
8
=

Analysis period :

Sky patch creation (Reinhart Sky)

(=]

Formation of building modeling by Rhinoc =

Setting analysis points on mesh .

Solar radiation analysis

2 4

Analysis result and data extraction

O B4 Aste e g5 17wy 48
- 1 Wed ARUClHES A AFshs
o1t Sl 43
- oux Bl ATete AR AT
sl7]ole BET @4l

[0l o}

LESl9 Alaold

Extraction and Conversion

Extraction of Cumulative Sky
metrics data

Extraction of the analysis points
and nomal vectors

2%

Analysis period :
Sky patch creatign (Reinhart Sky)
Importing the rrfodeiing to Unity
Importing the pgim and vectors
analysis

Solar radiation
v

Analysis result and data extraction

Comparison of analysis results ‘

<} AlgEolH BA maA A

ax dolEE FlAst 1=

dolHE 1671 AL #olH ol A=< Hx
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S gudolge] P dEstel 2wt hes] thre] 1 Ao
HE 7Hex a4 s delge] Azmst oW WaHo
AEE oA Wobd. 1%slo] 29 24 HolHE 7ot WA

- 71% o] 9& Hot AgshA Z4s] s H3t e ol8shAal
A A9 lkm AR 71F HolHS AFQet A= odE &4t o= &
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q
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Hshe Aol B4
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=
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[e)
A

HolH 2

g7l EA5tE 1671 ZAIE 24T 7 EAIZ AAsk TAE 7t

g A AA

Name of cities The closest city Distance between two cities (km)

Busan Daegu 87
Chuncheon Seoul 74
Cheongju Daejeon 33
Daegu Pohang 72
Daejeon Cheongju 33
Gwangju Mokpo 59
Jeonju Daejeon 62
Jinju Daegu 84
Gangneung Wonju 95
Mokpo Gwangju 59
Pohang Daegu 72
Seosan Incheon 78
Seoul Incheon 29
Wonju Cheongju 86
Incheon Seoul 29
Jeju Mokpo 144

me geedy

(K17 =Ale} sl =A[OlA 7P 7Pk the EAlD

& HAE Dol Yuie] ZAEY QIF 03

Juht A wop

Az B SRR, @ 2b-gol= foju|gh Hst ¢le
— Test AA HAF 2382 0.000077%, Hhx] BHF+L 0.033054%, HAA HF 0%

2 uster, 7P 2t ARE 2¥E 0.163500%°]

ol A o7 glo] FUF A0 Bl

7}
P 22 H[-&o] 0.00017% oJst2 WEFE O™, Test

4 o

g

&A] utet

e, Z=0# e 4 2



Maximum Absolute Per Minimum Absolute Perc
Mean Absolute Percent

Test number age Error centage Error entage Error
Test 1 0.000170% 0.000852% 0 %
Test 2 0.000033% 0.000093% 0.000001%
Test 3 0.000108% 0.000723% 0 %
Test 4 0.000041% 0.163500% 0 %
Test 5 0.000034% 0.000100% 0%
Totall 0.000077% 0.033054% 0%

! Mean value.

O HZF dAtdoly HlEA

BUILDIT> 167} 714 ‘ﬂ Ef o] A] Zﬂ*ﬂ“ TMIEHAHOIHE &8sl 2L & HLAE
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HZHE "ol E o]-8ote Zo] dmberEe] agAdo] el Higt ool qlen

2 g 84 HoF7] ST d+E 1139
AF AlEElolde sh7IfIsiAe ALGARE Hto] ofyet XA +HW Akst A
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Q2LE Fo]7] fsl TMY dHole @AM HZbsh= Zo] ofyzt Mg B 24t
22E o U AY QAR A dArEFer JAE Sky patchE HIE
ot @%Eﬂi] Fel 2] Simple Boxoll Z*}QL AT AA AES EdjE d
E

l

stol BPT POl 2Be] TASE YAFS HE F AR BA

Sy e A A TARA gt LH 24 BEe 4550 24
Aez A4

3D Simple box®] 7§ 65631, AFFH RAPY AP 8001749 £4 EAES
4%

S EQIEY AA AALWh), 9] MAT B AAFEKWh/m2) 24
1674 £A % 1170 2A7F 52k dlolE S olgske Zlo] o £ Aurt Ugte
o, 7, TR, BE S, 9% uiho] dng HelFlk £ by Be oxE
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<LH &A} 259

Al

~

uEZE 3D B>

Stgir'l:;iea;’d RMSE between interpolated RMSE between the closest city’s data
data and original data and original data
Busan 0.0391 39.9823
Chuncheon 32.6300 71.7890
Cheongju 58.4103 69.2927
Daegu 52.5794 49.9623
Daejeon 72.7336 69.2927
Gwangju 8.0933 50.8029
Jeonju 74.1061 88.5714
Jinju 72.8546 75.7371
Gangneung 35.6304 24.6292
Mokpo 66.4357 50.8029
Pohang A47.7759 49.9623
Seosan 19.6704 19.8412
Seoul 88.7979 100.9437
Wonju 26.0826 19.0689
Incheon 76.9751 100.9437
Jeju 142.3167 143.0066
(It uia e B lgo] 1d Bt GARS QA 4]



Comparison of RMSE with original weather data

Stap flard RMSE between interpolated data a RMSE between the closest city’s d
Cities nd original data ata and original data
Busan 5.6836 29.2970

Chuncheon 21.7269 48.2550

Cheongju 32.9944 40.1105
Daegu 36.4886 35.0553
Daejeon 445293 40.1105

Gwangju 6.9780 35.4430
Jeonju 50.1161 59.1222
Jinju 49.4638 52.0668

Gangneung 25.2517 18.1483
Mokpo 45.3569 35.4430
Pohang 32.2571 35.0553
Seosan 9.9656 11.2555
Seoul 58.6256 65.7836
Wonju 14.3662 8.76543
Incheon 50.6789 65.7836

Jeju 96.5365 96.8122
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- 243D BYo] BYEES WAL B4 ik Ao AT Ans vehfu, A
A mRAEd] FEEE 470 BHdE F85

- 1671 B4 F 1) 247 B2k golHE co
AL HelFglon], RE Adelx FAA ARE HolFL AL opuz of
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AEYol A dH=A

Time and day 15:00 August 5, 2016
Air temperature 26.5 °C
Wind direction 56.5 ©
Wind speed at 10m above ground level 1.6m/s
Solar adjustment factor 0.9
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- 4 A A® PETS UTCIEROA= F A% BT 2E7F 78 Qo= 2§
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UTCI(T)

MO
g4t
M1
A3t
M2
g 3t 141 25.50
Alr Temperature
Bl below 25.00 °C
B below 0.50 m/s B 2s.00t02850°C B below 23.00°C [ below 26.00 °C
B o500 1.00m/s B 2e50t020.00°C [ 2.00t028.00°C [ 26mt03200°C
L= | I 1.00to150m/s [ 29.00t029.50°C ] 2800t 33.00=C :
B 150to2.00ms 29:501030.00 °C ) 33.00 0 38.00°C [ 320t038.00°C
B 30828 10 —— Qe B 35.00 0 43.00 °C = i
[ above250m/s B abowe 31.00°C I =tove 43.00°C @ ’
[GA] W AFE wixo] M AlEHelA E447]
A
O 7« &4
25(T) ¥ % (m/s) PET(C) UTCI(TC)

2 %

temp
2 20 3 8

e

(A W AFE =] wstel] w4 H254 Ajgeold 23]
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- M29] HAELELS 141 m/sE A Bd F 7 Eon, EXHAE 0418 A 29
% 7M8 =om, M9le 0.30~3.26

- M09 Bk« 30.97CE Al BE F 7P wow, #9l= 29.49~33.4424%
S g 2E A 2Y F OM =5

- M1 a2k 2881C= A e F 7 Hdz wom, ¥ 27.63~30.29%2
gt U 25 A 2d 5 P W

- 4 2 A= PETS UTCLE] B & 24 Fibs 1 B3l 9lot J3s] &
AFHA Uebgen], M0 PETSF UTCI B% B+, TEHAF 22|30 f9)0] 254,

Zgigtel gis % A 29 F M =2
- MI12 PETSH UTCI T g4y FEHEAE M2HET gekon WHelol 47k F

32 M2H
- ZF X4} PET, UTCI Hat Ao Wit & 1A @A= PET9F UTCI 2% MO7H
Hot(strong heat stress) @A, M1t M2+ Slightly warm(slight heat stress) ©
Al

O ANOVA EA

Model Variable F-statistics p—value
Temperature 1991.91 < 0.01

Wind speed 1.4e+05 < 0.01

MO, M1, M2 PET 3.7e+05 < 0.01
UTCI 3.9e+05 < 0.01

(B4 W %% mx) wsje] mE 228 ANOVA 24 A3}

- ANOVA 242 37] o)l I57te] B2 A & of Agohs 24

- 2 dFdMe 71ETAE Tl SETFEER S WiAHA ] T Al 7HA
FELE PJgenr I8 g FHHA (PET, UTCD<] ol zto]7t 521%01 sl

- o] Hd 7te] HH-F& Aolo] it FAA Fod2 AFSH] ol dUEANEA]
(one-way ANOVA)S 49

- Al 29 7Fe] ANOVA EAZAT} f-value: F40] 1991.91, %7} 1.4e+05, PET
7} 3.7e+05, UTCI7}F 3.9e+052 YEPom, fol4F 0.01004 FAHL=Z |9

- o] A= Al BEE H S of Aok shte] f{ott Aolrt Sles o &
B, 7F md 7ho] LA AR AR [Fojt 2ol Rl & 5§l

o

_,4
Lo

A,
EHI

O Bonferroni A%

- ANOVA &4 &l Al =2 Afolo] FAHC= Fofet Aot da= &<l < H,
7h B o] B, Wk 1A d A A REET, UTCDe] Bt Ateld]
TFAAQ FAA e st 2=y H% (Bonferroni correction)& 43

- w4 2 Al Bd o) BatEs, ¥k 18 4 A A &PET, UTCDE
Bt Abololl= frolaE 0.0104 TAHLR FoJet 2polE &<l



Variable MO M1
o . M1 0.076**
emperature M2 0.136%* 0.060%**
] Ml - 2.160%**
Wind speed M2 - 1.924%x 0.237**
M1 - 14.416%*
PET M2 - 14.204%* 0.212%*
M1 - 8.938**
UTCI M2 - 8.900%* 0.038**

Note: ** p<0.01
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o) BEeL 4YT AL HAon, dAe MFRFL & Buo] TS
AL Ao W] WEAS o83 ThaFe MK tiet Ago] Sy I
= wA5ks B AlEdelHo A 2ot &l

- &7} UTCL 2427 o|m A2 wlwstge o 94 UTCI $X7 Aiigos 3
Uehd golo) BEL 94 £ olgel F4ol vehd o] BEel 4R 4
e ngon, UTCI £4% vyl 93 Bt 202 ¥g

- B&, PET, UTCI #4 298 Se4oz Huwstge o, M2 Mie| Hls) Fo]
e o] WA EAgee B3ty T 1 7ko] PET, UTCI H+#9 Ajol= &
ARozL fosht, A4 Agte] Lk @ 917 @AelE Folst Qglr] HEe,
q471e] PET, UTCISH 22 & 44 Ame FHRos £rel dge o a7
dhe Zlog g

@) &2 Wl o&, AL FF 2 #jAo ©%E 7] A 2 4 HAHAH +4
O B4 A%

- @] W7ol n&Eo 42 dest] A4 nEAvE @A W 4 #HZAdl vH=
JFS 2A

- ol EE g G@ % b Siels), Bl e Mye st shgtos
A, Friet sl WS 73, 372 o2 A4

1) ENVI-met 2¥ 5 9 E4x7]

Envi-met Al E#HOJAS 95 »d
Model Model Lauout Pavement Type Tree Type Planting Type
Algdgold 948x3

Time and day 15:00 August 5, 2016

Air temperature 31.2 °C

Wind direction 56.6 °
Wind speed at 10m above ground level 1.6m/s

Solar adjustment factor 0.9
[0 W )% FFo wE ABdold =d % By 27)

- 20169 89 59 ©F 349 tA Adie] HE 74 wsl] e 24 er 9
2G4 PMV, PET, UTCD= #A4st7] fiste]l @ 11IARE % S5AI7HA] 6AI7t
Fate] Agelel e 44

- Bl TEel 9lo] AL, npAE Azte] BAAREB] 2718 U 4+¥ 2R}
W 5 Glel, AL S ATl FEE 0% 202 4] 9ol
of 6AZEe] AlgEoldS 3

- 5 9 T 2= vR " EAXEE 201195 F 2016971219 71434 ARE
oo R HHdFE l.om/s, T 56.5° , 27|2% L 26.5C9 4 %k—% a7

- EY 54, 5%, "HY BAIUA, &2, dREd, SHY AAXH, A 8%
A So] YBL ENVI-mere] 712 & 48



PMV

PET(TC)

UTCI(TC)

37.785

1.296 3.820 42.959
Wi Speed v PET
Bl oo 05 mys [ B e 00 Bl 32.0 €
== Bl ostotoms B it Hl ow3socc 3240 to 3.0 °C
AU B — R o - s
pasmas e RO higes i
[EA W 95 F/d g& Algdold 44 3]
- NBdgold BA A¥ mdo] BFer et spfete] wE TAHZF 7 : 39l
Mlo] m& Au|7F 3 0 791 M2wch B vehton BEEse & nd 7o
2 zpol7t vehA] kg
- o =4 2= PMV, PET 121 UTCIE o2 ZAu|7} 7 : 32 Mlo] o=
FAgu7E 3 0 79 M2wch B U Uehton), ol o HHA A50] Fa Wh
2 Zgsle emol ke whs
- F muo] ¥Eenr BFES 183 o HHAN AESO g AT} of B9 2
o] yehton] BAEHS A9 & BFLE, PMV, PET, UTCI HEoA 544
o g9 g ol7t ZA
- e} shkete] wE pAulE 7 1 32 Mlo] ©x] il o A Ade] Fe
3 Ao=m mot
M1
7 ¢l
- = 2% =% PMV PET UTCI
M2 0.115% -0.002 0.070* 0.524* 0.272*
* p < 0.05
[24 W 98 FFel ote 2Ed (34
- 99t e ARs Edz A} shdete] BB pAulzh 7 ¢ 39 M1o] HE nd
S A g F, A ER P wjgde] B2 o HAgo] wste uwa] 9
o, Aol 2R FEeet ISR, A4 9A §9S 94 AA(ndividual



array)@t 28 A A (Paired array)2 &5t F

O A F7 3 wiAlo] e <
— ENVI-met 29 = 9 24%7

470 meo] Ageolae A8

Envi-met Al Edo]AS Qs wnd
Model Model Lauout Pavement Type Tree Type Planting Type
grass . granite
M3 Broadleaves Paired
=7:3
grass . granite
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M M2 M3 M4 M5 M6
% F(5 310,821) = 5,340.97, p < 0.000
) 3 31.700 31.815 31.788 31.677 31.119 31.535
M2 0.115* - - - - -
M3 0.088* -0.027* - - - -
M4 -0.023* -0.138* 0.111% _ - -
M5 -0.581* -0.696* -0.669* -0.558* - -
M6 -0.165* -0.280* -0.253* -0.142% 0.416* -
¥4 F(5, 310,821) = 1,686.72, p < 0.000
3t 1.298 1.296 1.151 1.205 1.158 1.216
M2 -0.002 ] - _ ] -
M3 -0.146* -0.144* - - - -
M4 -0.092* -0.090* 0.054* - - -
M5 -0.139* -0.137* 0.007* -0.047* - -
M6 -0.082 -0.080* 0.065* 0.010* 0.057* -
PMV  F(5, 310,821) = 7,847.05, p < 0.000
) 3 3.750 3.820 3.442 3.638 3.370 3.621
M2 0.070* - - - - -
M3 -0.308* -0.377* - - - -
M4 0.112% -0.182% 0.196* - - -
M5 -0.380* -0.450* -0.073* -0.269* - -
M6 -0.129% -0.198* 0.179* -0.017* 0.252* -
PET F(5, 310,821) = 8,884.15, p < 0.000
) 3t 42.435 42.959 39.871 41.493 39.733 41.452
M2 0.524* - - - - -
M3 -2.564% -3.088* - - - -
M4 -0.942% _1.466* 1.622% : _ -
M5 -2.702* -3.226* -0.138%* -1.760* - -
M6 -0.983* -1.507* 1.581% -0.041 1.719% -
UTCI F(5, 310,821) = 6,708.43, p < 0.000
) 3 37.785 38.057 36.808 37.435 36.388 37.347
M2 0.272* - - _ ] _
M3 -0.978* _1.249% - : : ]
M4 -0.350* -0.622% 0.627* - - -
M5 -1.397* -1.669* -0.419% -1.047* - -
M6 -0.439% -0.710% 0.539* -0.088* 0.959* -

* p < 0.05
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A A A T AEA 5-1 g4 ~ute gH 19, L10, L12, L13
£4E M A 135%0] 8t
A& M A 50%°] 3t
H 31 =0] 15%
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