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Abstract

Urban form affects the energy performance of buildings. Although the relationship between urban form and building
energy consumption has been investigated, understanding regarding the most effective spatial boundary of urban form
remains limited. Previous studies typically employ either arbitrary or administrative boundaries for analyzing urban form,
whereas the effect of surrounding urban landscapes on building energy use is not fully investigated. This study aims to
identify the spatial boundaries of urban form that affect building energy consumption, based on Seoul as a case study. The
findings indicate that the respective urban-form feature imposes varying degrees of influence depending on the boundary
considered. Furthermore, the combined relative importance of urban-form characteristics, shaped by both built and natural
environments, constitute 20.87% of building energy use. This insight is crucial for the building sector's efforts in achieving
greenhouse gas emission reduction targets. The study underscores the importance of integrated strategies that address

both building-specific and broader urban-form characteristics.
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AEodA avjet BHE 7|E dFolM= W29 718
T2, 4% A=, F2A2H(Heating, Ventilation, Air Con-
ditioning, HVAC) § &9 €24 548 78 4% 2d°
2 50| gitiHong et al., 2017; Zhang et al., 2018). 34
2, 32 giofE 7H8489 SR <8 EAIGE A& A
a8 7 BAE AFshe BAAE 729 9771 Sk Qi
(Li et al., 2018).

ojet gol AEoNA| &nlof o] EAFH S TS =9
e A= o AR ey, =AFHS] 374 9T
ol gk A=A Y =2l B3 7]1E Ay AtolMe EA
o] B4 3 IHE Y= HAsAY, 3 A, FA7]
ZFAH(Local climate zones, LCZ) @ =X o5 A& 5L 7]
£02 A3} $ItHQuan and Kim, 2023; Li et al., 2018:
ol 9, 2019). HZ ojgt 22 Y T HH LAY &
AE QA =AFE S FF ol i d7HAhn and
Sohn, 2019)7} EouaL flovt A U 32 FH =AY
& TR tR e dve u¢ F53 A%tk

ojgt Z-2 AN £ A= A7l 2 39 A9 HHA
Distance Decay Regression Selection Strategy, ADDRESS)
P B85t AEHA| o] v]2l= =AIGH 542 9
& 7AClE =551, ot 9F ASE st A2 A
289t EAH £4 7 BAE A5t A& F3es i
AgoUA 4nlet FR EAFE 54 2o WA E olsh] f
A EAIEE S HHE olt7IA 2T A7) B} FF
§l A7go) Fasit. Hushd 3714 Heldl wet 2y o5
4 5ol €2 4 7] wh2oltHReyna et al., 2016). =AF
B9 fragh 373 9% HS A4 DER} =AFH
o] TAE Hrt B3] o] 4= Y== Bt
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EAFE 7T A=A A= Yl bRt e oSt
ool A Z3gEo] i}, HAol= UFIHE S A2 =
23 EAol AEoHA avld njAle Y= 4T AT+
(Balaras et al., 2007; Zhao and Magoules, 2012)7} & ]
Foified), ol EAAY % A4 S =AY 54
o] ZA&fvA| 2l vjz]= Gl F A7 Sl
(Ko, 2013; Quan and Li., 2021),

ZAEA a8|et =AIFE o] BA o i =)= Ratti et
al.(2005)9] AFolA EA#H 02 AJZHE|QIct, Ratti et al. (2005)
£ Z4EYA 450l EA 7|3FHUrban geometry), & 4
Jt“(Builclirlg design). A& 587 (Systems efﬁciency), Ao

2t B (Occupant behavior) €22 Fa3Fkal AAISIKCE
olF AFEolAE AR Lnlof FFE v A& U
$48(Quan et al,, 2017; Woo and Cho, 2018), Z3H|} A
£9] 714 B¢ ¥°|(Frampton et al., 2012; Qin et al., 2015)
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o] YrkH o R oA] HEE ¥ 2AVIA HiEFE F2A
7R QA S5 ol dold e g B2 AY aulFo] S/
the 217 2E257)= ACHFBA - H0F, 2011). EZ, Liet
al.(2018)9] AFAE FHAYG(Community level)®] Bt
A9&2] o] ALE A oA vigAsiAE FUE 9 3
U= Aol A7 T HAF AEHA] 2H1E A7
= 2o g yehyi,

AR EAHE B4 M E G Tt A8
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H|gFo] $7ktHSong et al., 2018). EXHE ZH|A Hx]9}
FAE Qe FREN BEHE €8 53 986, =
AAE) 2ol FEEAA LT FRFES o] 4H] Az
o] F83% 9% FHKong et al., 2016). EZ, FAET 53]
2 AHE AR 853 SAEH 43 8™l o, AE
A0 et @ofviA] auleh #A7 QItHZhang et al.,
2018; Magli et al., 2015).
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3, FrES 370 ¥ A3 Fa4E 423 Qi) 28y
£ A9 g A2ERE FH SAFEH S 374 gHE A
9 o 3937, LCZ, 193 H¥AT] 52 doHe= 43
3] A48 21331%r}. Bansal and Quan(2022)9] AFelAle=
LCZ &5 7|98 7I¥ke& HE F¥ 500m X 500m 1 =F F
7 o912 448193, Quan and Kim(2023) AFoflAE &
HZ o538 4 9 Aol 500m PYE AE =8 =AFE 9
377 G912 95t oot FH =AI9H S4 L #
A 4533, E3 L et al. 2018)9] Aol 71 D9t
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7} 22 37 99E A% 30E 9= Ak gAol
Ahn and Sohn(2019)9] QFoMe 2 A Y 22| A FE|
HAE 375171 H3 50m~200m7HA] 50m THE HHE F
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7R 2, APt 5& 2FE 7N E AR A2 AY 5
olstgict, B4 Ayl 100m Y AE Eol2} A& 5ol oy
A s QS ks AL WioH, tE dFie
ol¢} FARE A¥E =& cHKamal et al., 2021). W24 <]
2021)8] @M= AE FH 5X¢ 2& § §3F 540]
120melA 210m A WelA TS vAs A= Yepyt
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FEWSE 18 dHHEAF A8 2H[FH(Energy Use
Intensity, EUDZ& AMSSISIET, EULE ovA] 48] 55 3
Aok AEEA FENYA] 5L Blwshe WA B2
AM8ETHKim et al., 2019). AE01A] 2H|FL FERFH
A @EEke AFdely U Al2"(https://open,eais,
go.kr)olAl AFdh= € A A7]o7A] qlolHE &85t
fon, EUI AP2 A A7]oUA& A & B3z 4
ol A5t A= $3l EUL dlolg 228 8% 2
i, REF w7} 7 FEHIE YERY glo]H 9| HEE £0)7] §
] AF9 2 1 (Natural logarithm, In) ¥&E& AI3Y3I3I

2 a7l AE 51 e A 999 AE 7 99
9| EA4o g FE3l AYATE 7|te s AAsigict. A=
$l B2 ouA] &njof 932 niAl= Fa 890 AFH
82 E(Floor Area Ratio, FAR)¥ Z%&(Coverage Ratio,
CR)Z A=Esigict. B3 1489 EHHo] 2248 Wiy
a7} 371 ¢ Jleng AL ®HA o 2uv|(Surface to
Volume Ratio, SVR)E I2{3l5ith AEL3 ol A& =
29 9887 #i0] 3lol(Bansal and Quan, 2022), °I&

Figure 1. Analysis spatial scope
(Unit of Measurement: Parcel)
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AR APg3)A W2 st &9 8o wet oy
A &H] Hgof] Ao|7} vehd 4= Qict, 48 EL &Y+ 5
7h B, ARAAEE o8k A9 Wil uet d &40
A, A 225 FgF o2 §R]5H7] Y ol A] ABlgko]
= vehg 4= ik B, A8 82 HE 82k E 4]
ol Fon, HFA AZHT AT FA7E HEHHMa et
al., 2014; 7715 1A, 2019). webA, AES= 2ulofd
< A7) 93 FA, 44, 9F AdEoR AE8EE T
sto] ol F=39c?

48 FH =AY 999 4287 == BAAEY
Z8 A ¥ AL FH HF 83 E{(Gross Floor Area Ratio,
G-FAR)Z & FH W A¥E(Gross Coverage Ratio,
G-CR)& 123I%th. G-FART G-CR B 34 4 &
7] ol 9% v|AEE, HE FHY UxEH Y= 13
£ Ao| Fasit, =3, A2 FH EF HA| vt 20
S g 4= Q7] R EEEE HeE AYsiad, AE
9] 715 W EOl(Weighted Average Height of Building,
WAHB)= ZE Folof U375 283t B olg 4
A% MR, FE57FsS AE w0 HolHE 7|We s 53
o}, A28 a1l AEU=e AEYEES TE Alo|9] 18
et EA| FF9| 7] Ao FFE vARE, AEHA
au]of] 583 H¥L FHZhang et al., 2023). A9 £4
O 2= BXE&N FAES s A&9 3P W 3
< EAAEY, 7Y T2 FREY, o] F RAIRAE
o] $3%2 7P 2 Hl&E AAPHAEEEA, 2023; <2
2 F=2). E¥, 39 438 93 2A Ao|7} dEhH, 3
AZ o] w2t FFFE A 2tel7t Yehd 4= B2 (Park and
Cho, 2016), THFH ¥ SARAT AT SAAZYAE T8
Tt g TS5t A9 3 e fA o wet
7, 4] AA(FFA, AN, S, A, 2 A L
AF2 2 AEAoAE 3 T2 7INEeE 1 B
3} Mg st glon, REd AA gL 945t 345t
I ITHAREE A, 2023), olof uket £AES 3, 40 A,
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Figure 2. Green area in Seoul, Korea

23O R FHIle] 2ARE TS TAoE, MR
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38 9T Aol wet AE T8 =AY WSS A
ENE =)

2. EM 4

£ A7 7 7 2499 8831 97 A

A AEY A =N B4 g 3704 ¥e g2
ADDRESS & ARSI, o] 2 Wed AT 44 5
AL 53 Y AZlE =28k Aot dF™t 2719 vy
E A78 4 ¥t 71 w2 AUTAE 7AAY, 998A
9| g0l A2 A& Ags s W] HH2hd A2E 4
H3HSu and Beckerman, 2009), o] B2 =& dj7] 24
2o} EAYH dollA AL AEske b F8EAH
(Lee, 2019a; Lee, 2019b; Shi et al., 2018). ©] AL 3=
A WA A BE AFS FHoE Ad vug 4% ¥,
Z} ¥enitt Wy A2|oe] A Ee 9T8AIS] HEEE
2451 22| vy #AZ|E AYske Zoltt. F WA gA
A 7 22 ATAE 71 W A2 9] ¥aE A3 29
2¥2 FS9L RS =T Al #iA A oM TR
g2 HE AE s T ATRAS 245, F BA 24
oA 5% HEF LR F71E A O =E5%0
o] g NHERre 2N Zh o] tigh 2 F 9] vy AZ|E A
5t Hrt, EAAE 2ol AN Ee 37 SAES T
HAAE ARE7 1B, 4 B4E 9% A Aot A=
ot m2bA, 2 gtoliale A A 749 50m 2.2 50moj|
A 300m7HA] HEE A4kl Z weEE ZBAleE 3
o NS 7N R AL AV 9% dAe] WEAol
22 vy Y S 7Rte g S 9% A2 S A=l

e A8 2u|F =AFE B4 7 84 242 a2 hUE
BAy SAEYYF(Gradient Boosting Decision Tree,
GBDT) 23& ARg3i3ich. o] 232 T#HAE 228 7]
I QAU 23S ZAR Yo, T vy BAS
AF317] A3 43| &85l AtHZhang et al., 2023).
GBDT 239 452 =°l7] Hdlixe 2F slolnuiziue &
3= Zt9jo] WA}t Boosting iteration YAHE 2 o
A A= ot 2D s 9uisie, o] Flo] 2 rE 2
B9 9S50l FEAT, A 247 Y+ dee
2 X237} g asic}, 2 AollA= Python®] GridSearchCV
g ARSSHY A9 stolmuEtu|elE Akt Ho|E <
80%+= o8 NIER, UMA] 20%= FFHI°IH AIEZ A
SEct 23] A= B7H= AYASRY), Mean Squared
Error(MSE), Root Mean Squared Error(RMSE)E 7|&£2&
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Table 1. Description of variables

Category Variables Description (Unit) Source
Ln Energy Use Intensity (Ln EUI) Ln(Electricity use/total floor area) (Ln (kWh/m?)
Floor area ratio (FAR) Building total floor area/parcel area x 100 (%)
Coverage ratio (CR) Building total foot print area/parcel area x 100 (%)

Surface to volume ratio (SVR)  Building volume/building surface area (m%/m?)

o Building age 2021-building usage year
Building . = . = MOLIT*
Building Building structure Dummy variable, Reinforced Concrete(RC)=1, Others=0
Residential Dummy variable, Residential usage= 1, Others=0
" Commercial Dummy variable, Commercial usage=1, Others=0
sage
g Business Dummy variable, Business usage=1, Others=0
Industry Dummy variable, Industry usage=1, Others=0

Gross floor area ratio (G-FAR)  Building total floor area/impact boundary area x 100 (%)

Gross coverage ratio (G-CR)  Building footprint area/impact boundary area x 100 (%)

Built
environment  Weighted average height of ~ 2Building footprint area x height within impact boundary/ MOLIT
building (WAHB) >Building footprint area within impact boundary (m)
Road ratio Road area/impact boundary area x 00 (%)
Surrounding National park and urban . o
urban form natural park (National park) Green aresinpact houndaryarse <10 fe)

Park within urban planning
Natural facility (Urban park)
environment

Green area/impact boundary area x 100 (%)
Seoul

Han River area Han River area/impact boundary area x 100 (%)
4 tributaries of Seoul 4 tributaries area/impact boundary area x 100 (%)
Small stream Small stream area/impact boundary area™100 (%)

*MOLIT: Ministry of Land, Infrastructure and Transport

ojFoFHA ()~(3) F=E). R’= #ol ¥&FF, MSE®  gressor H7|AE ARg3lo] £41& +q31%lHt. W55
RMSEE #°] R245 239 450l +-2 Ao2 dt.  GBDT EH9fA Z fg7t oS dnf miXe 9% UrE’rlH =
A7NA Ypeai it y NS, vme y& AAR, va & 0/ BFA AEEZ, 004 1 APSREE 71A, ko] #8557 Wt o

ol B2 dlolee) Baghe uleict. Zo ] 2 9L vAE AL Juldt, RROEEL W4
] o] PAATE Uehfin], EFusol SEuS 7h0) Thaket T
i L)’ o g BAY 4 ok REIEEE S| Mo P ave
> G —Tu)? AFs7) o] ShaE ME 4 2 B2 vjolspy] of Pk ¢
, o] gtk ol2 Besly] Y5 B AFolAE dolee] Rug
g (s — )’ slaETgoR AASt, Hole o] FEet P2+ sjeteta
MsE="— @) o)g 7jtoz AR R] 2ng} Wi 7 BAS Aetazt 3
o ¥ig 2o w0l HEETo| tig $412 4] (4), 4] (s)sar z;

RM5E= [ 150 ®) o 4 @oIN 5 ZAIE B4, = Ee 37,4

AT 23, m E2] 58 Uittt 4] (5)9A = &*HEH:—
714 HEe s 2EES e BAE SR £ oA B4, ot 28 AR BA, e HolEdY 7, n2 4
A, 24 71418 §23(Mechanistic insights)& A1F & 48 uldich, A4 &4 39 (O 33} 2k
SHA] ot A3} s M o) of=ige] Stk o1& sEs] A3l ¥

M
%8 %(Feature importance)2} ¥ E% (Partial Depen- L= %m =1§1‘1 7 @
dence Plots, PDPs) 52 885131 9t} 2 dFoA= Python 1
F s B 7 ()
9] Sklearn zto|E oA AlFsh= GradientBoostingRe- fz) = ”‘Z:lf(:c,. ) S

176 "=EA3, ®M59H M (2024)
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Step 1: Data collecting and cleaning

» Temporal scope: 2021. 6-8

* Parcel data, building data

* Building physical and urban form
features .

features

Step 3: Importance of urban form

* Build the models
+ Fitting performance of models
using R2, MSE, and RMSE.

Step 4: Relationship between energy
use and urban form features

* Feature importance

Step 2: Calculating surrounding
urban form boundary

* Using ADDRESS method to select

influencing urban form boundary =
* Measuring each 50m buffer in .

+ Partial dependence plots

urban form features

PRy

Figure 3. Framework of proposed approach to unveiling the hidden impact of urban form on energy use

v. 2t A EE
1. EAIZE S48 ¥ 742 4

A5 FH =AY 54 93 E AHE3 ADDRESS £
AAIE= (O 4 2. ADDRESSE 941 ¥ A 2of uj2t
FEUSeke] AHBAE AV 9% A WFo] F2 ¥eE
Aestal, AQE Wee FE5HU4E AR 3RS 753t
o ZAE TEFTL oF =EH FAe} By Al F2 ¥
E 7 A8EA 498 ARl e 7NteE 7P g2 A
HHAE 7 g EFUTHOE 4-) F2). ol 33
uhE3le] Z}b vl 3A 6y A=lg AR o3 dAE
7o g, RE TAYE EA3} Ln EUI 749] ATRTAE
AEE =315t (O¥ 4-@poll W=, B35 A2 100m
oA G-FAR®] Ln EUI% 78 2 AW E B9t v, &
3H W ZE B AR oA §-2JulskA] gkot BAoflA A
=it

@d +b)~h)= JAet AP B 719 AuaAE
A% dolrt, (1" 4-(b) oA WAHBE= 200mellA] A IS
9] Agigho] 71 A Ve, f-8 U7 200m %S ER18H
ot FY LR In EUR| 3L v|XE UE =ASH &
e 9F A= =31 E282 Sim(2¥ 4-(), GCR
2 50m(2¥ 4-(d), EAAZAE 382 300m(1H 4-(), =
d 9 24U 300m( 1Y 4-(), 4 A 22 50m(T¥ 4-(g)
2 22EQle 2 BE AZolA TRt fojuidt AuuA

7} Qo] B4 wgolA] ALEHAHTE +-(h) F2). HFHL
E EAIH E4E A4E 9% He E 209 L

G-FAR, G-CR, 181 =22°] f-& "7} 100m=E e}
o diks 718 A3 et GARIHARN and Sohn, 2019).
E Ao A G-FARY} WAHBS} 22 7AES] 24 £ 9
FHH= =223 G-CRY 22 £33 E49 9=
W2 Ao BRIER, 3, AHed W did wetr 9
F A9 Zo|F Bt 1 9 AATEH =AAGAAE F
YO FEH = 300mE, ZE EAFH £4 FollA 7F W
o}, ¥HH, 4o 2|AH 9] AL FFHA7 SomE A H R 7A
ESFHU, ol23 Ak Aol A 48] A7E AT S
THY o], A& FHY A2 AAE Y S49 dFHA

Table 2. Results of impact boundary

e =
Gross FAR 100 m
Built Gross CR 50m
environment  \aHB G
Road ratio B
Green National park 300m
area  Urban park 300m
re\lr?\fr;g?!ment - Han River area N/A
arg;ef 4 tributaries of Seoul 50 m
Small stream N/A
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Figure 4. Distance decay curves of correlation between urban form features and EUI (a) or predicted residuals (b~h)
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€ 5295] 2ste] AZsaL AAs)or & AlARI 53, &
¥ Z4E9 %83 FHE TSR 22 FEjof FAE 71
ofof 318, FH2 B thE =AFH S0l vIF) BT
ol 24 Al 344 A3 &80l #2& ¢ 5 Utk

2. 7|=8HE

(& 3)2 AQgE B9 712FARCI, £ 97 dE
U2 AN L 718 Hlo]EE 7Rk R A&A19] 47,82370 B
B A3l 245849 Ln EURE 289 $9HAE 7|20
2 A7) Wil A& 7t oyR] £8]F vwshe 98-S
o5 ot =3 2y A% A7) g8 AdRag wg
3] 2833t EUIS] Waak 9118.37kWh/m*(Ln ¥R
2.91)919], <1 59 o] 77t o FE vl AiE L.
EEUPH &2 RO 2 eyttt

5 ¥ F 4299 54014 FARY B 200%0]H,
AL oF 1,057%= Yepdt, CRE 3%, Hatgh of 60%
ola, gk 99.99%2 Lrept, ol& dA) 3=t xRS
Aol CR& 2 90% oJ&t2 HAISkaL QUARE, FA o] 2|0f7
A FAE 20k B9E | d2es Bl =A g
EXNolA AZ§H B4 F G-FARY G-CRQ Hag2 o
148%2 38% % 71& T FARZF GRS Hatgtih WA bt
t}. ol A& FH HYE AL 1 A& Y DA ¥ 9=

Table 3. Descriptive statistics

-Low

[ | High

Figure 5. Ln EUl in Seoul, Korea

E2H3, =1 9 £4) A3 Fo| ZFH | £3)71 BA Yepd
Ao g HQlty WAHBY] 7%, 4& ol 937154E A&
3te] JFF W] Bt wolE 73 A2 HF 15.78m= YE}
Wtk ol AE FHQ AA A% uiedA e vl3 A& o7t
Aoz &2 AL ouljitt, 2282 AE FH 50m FF
Az YollX B 27%=, o}ARE T2y o] BEFEA EX|T
2 H| 20| ¥/ vETh 5X189 39, 3939 4 =A%
T EAAYAAE FEe Wi Blee 47 AE FH 300m
A2 YolA B 1.18%2} 3.33%=2 UERTH A& 4t 42

Category Variables N Mean Min. Max. S.D.
Ln EUI 47,823 291 -512 422 0.81
FAR 47,823 20032 172 1057.43 76.65
CR 47,823 5988 117 9999 1272
SVR 47,823 093 0.10 2838 0.67
Building age 47,823 3010 1 339 177
Building g RC 39,221 (82.01%)
Building Bt“"d't“g 082 0 1 038
SUTUCIUTe  gthers 8,602 (17.99%)
Residential 25,294 (52 89%) 053 0 1 0.50
Commercial 18,937 (39.60%) 0.40 0 1 049
Usage -
Business 3,167 (6.62%) 0.07 0 1 025
Industry 205 (0.43%) 0.00 0 1 0.07
G-FAR 47,823 14854 1.42 1317.48 66.41
Built G-CR 47,823 3821 093 98.08 949
environment WAHB 47,823 1578 397 96.44 6.55
Surrodnding Road ratio 47823 27.22 012 69.12 935
urban form
National park 47,823 118 0.00 8975 478
Natural
B —— Urban park 47,823 333 0.00 65.60 570
4 tributaries of Seoul 47823 0.03 0.00 24.89 0.63
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B4 F 1287 542 AT ZFolct, Model 32 ZA|FE]
B4 F ALY EdS AR 230l uiAGCE Model 4
£ U2 BYoR, AP B4R, AdH)E 2F
AAsAL A& B4 22530t stolHuEiulE Fide S
Boosting iterationsi= 500, Max depth= 5, Learning rate=
0.012 253t (& 9 ol BE 542 2% Model 1
£ 7]1¥22 GBDT 2¥0| t}2 2F 5] B8] R”, MSE, RMSE
7} 2% 9551 =EEo] oE 23 Bl 5ol e
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Thoe e 7 A2 AA@3 Aol AEofviAl
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Model 13} Model 2(AZ2873 #A12]), Model 3(x13873 A 2]),

1231 Model 4(728H33 29187 AlQ]) AoHE ¥l 239t
BE E42 133 Model 19] R? 3+ 0.3232.2 Yepge} ut
9, EAFH EAE AlQsal 48 B4 123 Model 49
R* 252 0.2852 =&E 3 ol 9F 11.76%] A2 A) HE
o] 1 TAFH EAof sl dHHh= AL Yulic), E=7
Model 22t Model 3& Bligh 2}, FH AR Axe
70| AR 48] 2Fe] 5ol o & 9T vAE= A2
Uesth, weba] 2AA Al FH 228739 FE7 A2
URof v] X = G aedof & Yo7t lS& AR

T, TAFHEE A% FFAE AT W8S TS
317] H3l, ZE =AFH SAHES HAE Y 4B A3
(50m~300m)2t Z+ EAHE S99 HA 9 YAE LT
B4 AE B uAch(R 5) ). Aol w2y, 2 549
2 2185k QFAEE 1Bid RFo), TUT =AFH FFA
ZE 283 mynr BF 450l ¢ 8 AR Yt
olg|dt £4 A= ZAIFE §40] AEHA] 2l v]jx=
FFAYE sk Ao] TREYE A, 53] 2 544
37 9= OE & Y22 ujFch

4, ZB0||LX| 28|t EAIFE] S 24 2|

A7) 2ulo] FEFL u]AE 2t W) FAEE BAY
Ao (AP 6T 2t B4 A 3 1670 ¥ 5 B S
UEH= FAR(29.74%), CR(20.52%), A& 7AE(17.30%)°]
Agoluix) 4u] sl o 67.56%8 APshe Fa% S0

Table 4. Comparisons of model fit on building energy use in different input features

GBDT

Decision Tree

XGBoost Random forest 0oLS

Model
R? MSE RMSE R?

Model 1: All features

MSE RMSE R?
0.323 0444 0667 0242 0497 07056 0.242 0497 0.705 0281 0472 0687 0.249 0493 0.702

MSE RMSE R? MSE RMSE R?* MSE RMSE

Model 2: Remove built
environment

0.295 0.463 0680 0.240 0498 0.706 0.232 0.604 0.710 0271 0478 0692 0.233 0.504 0.710

Model 3: Remave
natural environment

0.317 0.448 0670 0.242 0497 0.705 0.242 0.498 0.705 0.280 0472 0687 0242 0.498 0.705

Model 4: Remove both
built environment and
natural environment
(Building characteristics
only)

0.285 0469 0685 0.238 0500 0.707 0.229 0.606 0.711 0.266 0481 0.694 0217 05614 0.717

Table 5. Comparsion of model fit by impact boundary

Uniform impact boundary

S Heterogeneous
Modelfitindicators  impact boundary 50 m 100m 150 m 200 m 250 m 300m
R? 0323 0.306 0317 0314 0315 0316 0316
MSE 0444 0.455 0.448 0.450 0.449 0.449 0.449
RMSE 0.667 0.675 0.669 0671 0.670 0670 0.670
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Figure 6. Result of feature importance
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Figure 7. Results of partial dependence plots
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