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Do Walkable Streets Influence Neighboring Commercial Property Prices?
The Application of Explainable Machine Learning and Deep Learning Algorithms
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< Abstract >

Despite the growing evidence demonstrating the importance of walkability for commercial property
value, there is limited knowledge of which environmental characteristics contribute more or less to
determining their values. Our study fills this gap by investigating the economic effects of walkable
environments at different scales on commercial property values in Seoul, Korea. This study specifies
walkable environments into macro-, meso-, and micro-scale and uses a computer vision technique to
estimate streetscape features surrounding commercial properties. Based on these estimations, we
employed various machine learning algorithms to produce optimal automated valuation models for the
economic effects of walkable environments on commercial property values. Additionally, explainable
artificial intelligence methods were used to identify variables that contributed the most to the black box
models and to explore the non-linear relationships between walkable environments and commercial
property values. Furthermore, our research demonstrated how the economic effects of walkable
environments vary across submarkets classified by living population density. Our results indicate that
various scales of walkability influence commercial property values, and these impacts differ according to
submarkets. The findings of this study provide helpful insight into how to increase the economic benefits
of commercial properties by creating walkable environments. Lastly, this study suggests practical
approaches to explain the black box models with greater interpretability and transparency.

Keyword : Automated Valuation Model, Walkable Environments, Streetscape Environments, Deep Learning,
Interpretable Machine Learning
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A Wel2 Y AT(EAA, 2019). AU YAE
A ARFe 2000958 202197HA] A4 02
F71skn Qlon, 58] g0 JYE FEA A
2 20204 ofAlo} - BRI oA 7V £ £9S
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=53 tHReal Capital Analytics, 2021). E
& B34t AR 230l A9 Al F7t=
oKW, $ FAste I HUE BEA A
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7t2 BRHPS TY YUE SEM I g FEIP 33
<KEH 1> #4449 L J|2E
B =2 B4 BFH et 29y
ity
A 7t Ln(de-8 Hait Ml 714 Lunnra) 776 0.97 3.45 11.86
T2 84
AHA Y8 HESie HHA(m) 64247 82550 398 9530.17
CHA|HA SYE ESAe| TR |HA(m) 27032 27005 398 6118
U&F Fude AEE FUEe 3050  14.93 0 119
Faf4 dUEg HEitel &t Jts O 278 6.37 0 154
Sl SUE BHEAol $47] dx| OE(1: o 0: Ot ) 0.14 0.35 0 1
2 Az HIHIZILE ZL2(1: o 0: ofHR) 0.01 0.07 0 1
HIZEIRE/HZEFRE ZL2(1: o 0: of4R) 0.73 0.44 0 1
HE/2A ZLZ(1: o 0: oY L) 0.19 0.39 0 1
7|BF 2(1: of; 0: OF4R) 0.07 0.26 0 1
HEE 8L A5 ZTYEHAE: o 0: Of4R) 0.46 0.50 0 1
Z1|2i ZEAYEAIE(1: of; 0: OF42) 0.47 0.50 0 1
SAE(1: of; 0: 0 R) 0.04 0.20 0 1
AH**I“U of; 0: ofR) 0.04 0.19 0 1
Hsty 84
AR B2
FoHE Qg 400m M U EHEE £ / 7t2 Z0| &(7H/km) 1579  16.62 0.00 798.78
w2 UL 400m WY W WX[2 4/ 7k2 20| &H7H/km) 3.93 157 0.00 9.11
|5y U 400m HI W 2|3 UL 4 / 7t2 ZO| F(7H/km 0.95 1.55 0.00 41.42
HAYEZ U 400m HI§ B{AKEZE A / 7t2 Z210| &H7l/km) 4.94 18.44 0.00 1075.29
EZ0|233KLUM) 2, A, 2, 1&4 =2| 20| i3t Entropy Index*  0.69 0.17 0.08 1.00
Z7A|Y UE 400m HIH W AR/ #HY / HI HZ x 100 (m) 7835 2580 0.00 100
Ariz|ol Qe 400m HIH U A S / HI HA x 100 (m) 11.31 19.55 0.00 99.95
IR UL 400m M U ZHR|H HA / HI{ HA x 100 (m) 437 15.97 0.00 100.00
L2 AT 400m M U =2X|2|F HAH / HI{ HZ X 100 (m) 3.97 10.55 0.00 100.00
A1 Jt22E
A2 =3 O|0|Z| LY &SR] LA 4 / 3 T4 4 x 100 6.24 3.14 1.32 34.80
229 JHHZ O|0|Z] Lf 3t WA £ / M3 LAl £ x 100 2060 285 12.24 37.34
2 RES o|0jA| Lf B TAM A /(BHE + £2) LA A x 100 1240 1.62 4.66 21.89
A% Zf22+2
=43 Mg 2515 8 A oW 9E((1: o, 0: of{R) 0.8 0.38 0 1
71| Y8 BHEit 15 85 FtH Y™ oE(1: o, 00 ol ) 0.03 0.17 0 1
YH B
HHER 27 Z2(1: of; 0: of42) 0.20 0.40 0 1
S2(1: o 0: ot R) 0.18 0.38 0 1
A2(1: of; 0: of4Q) 0.25 0.43 0 1
21FEY7Hs MEZE(: o 0: o4 R) 0.33 0.47 0 1
21Fed 271 MZ(1: o 0: ofHR) 0.04 0.20 0 1
YHEZ 22| 8 10 4%, 00 1 ¢ 0.41 0.49 0 1
2Y Moy ZY AAMIIR|Q Z A HE|(km) 0.29 0.18 2.00e-03 1.07
EA oM CBD, YBD, GBD ZAM7R|2| 2|4 H2|(km) 2.79 2.38 0.00 11.20
el B4 2 AY 8§
A E4(EE) 2017'4 7{2h(1: of; 0: of L) 0.37 0.48 0 1
20184 7{2H(1: of; 0: Ol R) 0.34 0.47 0 1
201913 72H(1: of; 0: Of.2) 0.29 0.46 0 1
A E-E(E71) 127|(1-3¥) 0.23 0.42 0 1
287|(4-6¥) 0.28 0.45 0 1
3871(7-99) 0.26 0.44 0 1
4527((10-12%) 0.23 0.42 0 1
Az £ MEA| 257 x| Q| C{ojgH L Included
Y4z £ SUE E540 HEt = Included

* Entropy Index = — il’kln(ﬂ,)/m(n)' Py
F=1

© 400m H{T Uf 2t EX[0|82] B|8: n: 400m BT U EX[0|g &



34 BSASAET A3 AH3=

A= 7HA0It) A 7H HlolHe @RFUAIA
El = (www.valueupmap.com)?}9] Atstadors
FEsHg tH(Valuemap, 2022). 202093 AJRHE
COVID-192 QI5l| AER 27} AHAIE|HA AT 2 A
FAE R 2 FUE A AR 2o+ A A
Aoz SASIATHAN = 9], 2022). o]2fet dU-&
F5ite] o] &o8E) A +8 ®ists Y& 547t
A FRY Ao T & & Ut T,
COVID-19= Qe ¥J& it 7Hns ate] &
/42 HiFlsH ] 6l & dt= 20173 RE 2019
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ANR, FAIA, 22)0 D]AA o] 8
He Wae AHgstth QuHoz Tu 102 7

g 2 12{5}9}(Sohn et al.,
2012; Woo et al., 2019), & A= 400m Y¥+H739]
922 WHE A gotol charet o] was
sAstoiT. AN FRo) RS e
E}m7 3t KTDBO] Tlojel S Ab&atol 57
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EZ MAstach A1A ] 49] 9J%] Kﬂia GSV
APIoj| j35taL JJ47<1(101tch)7¢% 02 A7sto] 2009
W 20219711 9] mheatop ojo|x| 318,491
275tic}. mheajol ofo]x]o] w2 ZH(pitch angle)
3} Trlstol, GSVE 2E3 ASe mA|Z 00 7}
2 ofu]A7} igolol A QAlsHE Tt ATt A
o] x| YJ-2 ¥s] 1 QJTHQiu et al., 2022; Tang and
Long, 2019). tatA], & Ale E8HAIQ] ==0]ofA]
AAE|L 7t2ATS SHs] Yl WA 2Heg 0%

2 ARSI} AR mheajo} ojojx| 5 7o) At
Helol 2017-20194¥ 3t 175 A]17](2015-2021)0]|
299 ololx] 2969435 9N ERIIAC E,
7tz BT Yol Me A, AU, A1
A ARER)DE A Wato] e 4] Afol2 BAs}
71 95l A2l 12, 1Y, J22]1 290 &g o]

OJRE 712 AI7stAT. &=/ 296,943 5 A=
A UG BEAS FH02 YT 400m HH U
LHE 11971x] &9 ohwata} o]u]x] 276,4917)
2 A1golo] 72 270 FAK BEAS 95t
GSVe] 360° mr2to} ofujxle £5 apie] Hat
ol GFS F 4 9k oTo] WL ol AT
ARIO) 29 RRo] £2 AEA0R UehtAg,
dol FAFoIME Ao BASH] e S BN
(Jeon and Woo: Yin and Wang, 2016). T2tA],
2 APE o] Bo] WAISH: olu]A|o] 8o} o
B, 720 of 5% BEe MPATE /W02 <13
2>0t A2 71&g &l AAstA.

MAe) 3ge AR oF 289 AHo] GSV ofu]A] =
oju]&d BstoA 255t A58 Ho|= DeeplLabV3+
288 AREst] A5 AHChen et al, 2017:
Chen et al., 2018). £3], ¥ HA9] DeepLapV3+
2L 19719 7t2ehd @4 (<2™ 3> Fx)of| fish
74 M2e Cityscapes Hlo]E|2 £259100], 2
Sojole| 2 AR Ro] FYw L of 81.7%F o]
=it

L. o rlo ox



Z}7¥e] mpi-etof o]u]X|= 9ulEA EH5 &0l
19719] 7t22bg @40 oish HAOf 27t AlLtE| Y,
2 A4 A a4 7kl 7te =X, 7R 29
A BT v Hld @45 AAsH Al 7HR] AR
£ AAFstRTH<® 273 2>). 24749] ofu] x| tish 7}
29 =X olu]X|9] A A ] =X #HA
(Vegetation, Terrain) @A 4 7jubzte A7 =
oju] sbs WAlo] u]g, T2l1 WE HEe 2 Y

Pole

Person

Rider Train

Bicycle Fence

Sky Bus Sidewalk

Motorcycle  Building

Wall Vegetation

o}x]aro L 7} A}olQ HElo] ASF K
e mn O] He A se ARl SAA RlEro 2, B AR 7 U g BEA] 43t A
olo] THEE|A] ore Qe EAsE] sl 2570 AHA]
HRA7 S 7 UG LEAC 400m Bim Uy _ o
_ . . Tofl igt ulHaE 2FsiTh. E3h AT H5
HEg AR BRRe Fo 1EEoch : :
= Ato] BRI S Taisto] 11529 Al2jata
SRR RN EENECEE R L)
: e HES 2ol YTl FUA] UG AU
TET UG LEA Clo]ElS AHg 5t PETHUACY, ;
- o N (Koschinsky, 2009: Woo et al., 2016). &71A0 g2
129 15 gt 59 k22 SPote vARE § i
B} _ R UJojAlE Rpolof] whE AlZHA o] Al g2 1eiste] ujjuj
S5t QEre £sI0], FUG BEA Y By
_ i AR dzet 2715 HulHag 230 £
o} E170] PFFS 0l 4 olek wepA, B ATs
HUAA 150 BARt] £R AR U ot E B
Zrel F1ulek Aol YHSIL YAlE RASICE
<E 2> A £ AZ4H Jt=3E &4
AlZA =2 22| 7z

1 7 1 7
=376, (=(1,2,...,n) X100 =378,(=(1,2,...,m) <100
ni=1 ni=1 -

G, = Vegetation & Terrain pixel S» = Sky pixel

iﬂzPh(i:(12 )>100

ni=1
TR G=0.2 )+ PR (=12 m)
P, = Sidewalk pixel: R, = Road pixel




5T 339 BS54 A clolelt Azt A
B4 7}R 2 Al
| sb7let e
HEEAIET £ 2 A%
Wolo|elS ATI LEE|T Rohr REA uo| A

1
=
=
=
=

= pd — T O
29 TG YOI BAYIHE ARKITH: Mol g
F5¢ wn ACHENe, 2021). TEE 37} BEE
£ Choget BoF 5 AISaEtRE e BEAL 1A
ORI ChoRt QX1 RA, T2T 3R S4E
o v A WS DAL S5 FYAORM
s Ang =asts Ho= Ueidq AckEA,
2021). o]2}gt H|ol A FE A Clo|elg ALgs)
of ALESYII R YL sl AET Sl HRY
oA, T2)T ARYALS FHOR ASHT YA,
Yg BB TIAL 2ot RSty Ty
o fsiAlE At o2 Bajo] REG Aot uf
ol g

2P, B APE B oA 5
SEA o] ]RGS 7
ojalelg Flere] ALSelEtR Y e T

)
)
ret

Ol
3

40 2

E=c)

BEA 1A 342 A% SRS £
vl 7J(bagging)2t £ A& (boosting) WA1e] Y45 st
Z(ensemble learning) 282 &85t 7fet=ict,
vl (bagging) WA= MELH HlolE & o2 53
ARl n o] st5AIZ & AN 28 AuE 29sto]

%

5| A0l 28 T&5l= "Alog Random Forest

J

(RF)7F i #& o]tk (Breiman, 2001). RF= 439
A B3 Holel2 £5 2L AL Aety 2
2 djdoly 2]t utAer 7A| siFof autolet=
Aol Sk gHH, $AY WAl AFE of2 nys
o] 2RIl 8 Sl QRS WYstol &Ko A
s &= waloz  LGBM(Light Gradient

Boosting Machine)i} XGBoost(eXtreme Gradient
Boost)7} jE A o]cHChen et al., 2015; Ke et al.,
2017). LGBM& Cll& Q75 z|Aststo] 2]A9] o &

<E 3> 7 ojAlefd

s = 22 staat o 5o Eadt AR
@&5he o &abdo]ckKe et al., 2017). XGBoost=

P ot By F A2 Y WYL TR Yk 0y

o o
tu
1C
o du J
o
ﬂ'.
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>
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>
&
ox o
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o2
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e
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>
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o
2
129
o2
i
foh)

st gAleide] Edat Huts sl ARE:
Sk o] (train set)et B|AE Co]E(test set)

RA] Hlo]Ee] 80%2F 20%=2 HAsIR oy, S5
239 4ol s dolg o 25%= A A
glo]E{(validation set)2 A}&35}3iCt ESH 23
olF A&=g =ol7] ¥si RF, LGBM, 212
XGBooste] A 7HA] QA2 wae] sto]muetu]E
(hyperparameter)S Random search(7A+Q] EFAR)
d2l5e ALgste] A|Astetgnt. stolmntatuled
= H™sslr] st ojEAe FnEe Grid
search(Z22] & Ao Random search ¥112]&0]
THQual, 2024). Grid Search: A& §t s}o]m o2}
olEle] WYl ) BE Jh5st 58S Alwste] HA ]
Zakg AASIAT, o] WL B ARE Y5t %
O Al7to] Ar =}t ¥hHO|| Random search ¥ilz]
& A2 AIREE 22519 Grid Search?] ZAutet &
S ©X o b Hi} £%0] 7H5atcHBergstra and
Bengio, 2012: Qual, 2024). ¥ H3= Random
search 212|158 Atgstel At5atg/lua e 24
stsl7] 1) stolul mtatulele] WIS <a 3>} 70|
Mrjetn FAststgint. B e ) w1}
4 7% WA sl LGBM ZmeFo-
lambda_l11-g, XGBoost & 112]Z&0= sub_sample
1} gammag &5ttt 299 5 B7HE Hsih
ojAlelg APoIN YRR BEFHL Ak R-

Im oo

0| S0 ot Sto|HI=f0lE

SIO[HLEI0E] o S3E A9

RF n_estimators(200, 2000), max_depth(10, 30)

LGBM n_estimators(200, 2000), max_depth(10, 30), num_leaves(27, 302), bagging_fraction(0.5. 0.9),
bagging_freq(3, 31), learning_rate(0.001, 0.5), min_data_in_leaf(300, 650), feature_fraction(0.5, 0.9)

XGBoost

n_estimators(200, 2000), max_depth(10, 30), learning_rate(0.001, 0.3), colsample_bytree(0.4, 1.0),

colsample_bylevel(0.4, 1.0), min_child_weight(0.5, 10.0), reg_lambda(0.1, 100.0)
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Squared(#%), Mean Absolute Percentage Error
(MAPE), Root Mean Square Error(RMSE)S] A 7}
R R BE ggotol A AR 1L AUl

AR 71 5L A3t AsehgrtRES Aletel
ct A
5t
=l

SR Al gt Zi7te] Atsat iy vlwsty, o
%
7t
-
At
7}

B8 et AR e AtEehg g
A 8,020719) FU-& F-sAF A 7HA
4,812717t sh5 HlolH 2 AREEeH, A
EZ 93t tlo]Bl= 1,604719] djo]&f7} 2¢
YA ol S8l e M 88 75

UG LEA 1A 252 A% A 8L MAs L
E
=
ARIA gt Ul 714 21527 e g 4
27
=2

A THChen et al., 2020).

ojAle]d J]yre] AtsstEstege Auikoe A
Al AT 0] SAo] Brbsa ‘Heuta’ pyow s <a 4sot 2ot

A%t olpid BAuA pe B do] Bl 4 71 Akl 4 ) Aok Xooost
way Hshd a74at AR REAlate] PAS sjHst  REo] JbY 948 A5e Holk Zloe uehict
1 oJsfigt= AL At &~ it 2| o|&E B&0 (R%=0.912; MAPE=2.938; RMSE=0.292). T}2}A], &
ofgt 8 EAo] sjojx g ot SHAP<SHap1ey @ XGhoost ASekHslage] 28 vigos

Additive exPlanations) 7]%¥i2

_\_
ol
)
r\o
K2 g
>
i)
C
1o
ot
iA)
FO

AF AR FHAo e FEe olxls

o o O
ALE AT & Q= 7185 A5t SHAP= A 292 545 OUet frRoM 595 B3 54
A diclg 9] 7Hsst S0l st 7iE =¥ A} 2 3H0 R U8 540 71A HEkE ellsil o
S Yot o gigt 22t E4E59 HHA O, 7ZF 40 {olide AP HEA S S5t 71
71928 FAot= 7I¥olch(Han et al., 2022). Moz 2RIt
SHAPE= Z& B2 gt ZF E4E89 58% &9 SHAP 713 Fall &3t A2A Ad& E54t
(feature importance) ¥ /452 Atxe ZAg & AP gigt 24, g73A, J2]1 YR|A 54
At 5% o8 1moN ZF E4E9] 52k o] FFA= <18 &8 AT} 2R 542 AT
=2F @A SHAP valueQ] ATHZIS Hoj&Eo). Atz B, OXHA AWEA APE B4 7140 7}
T TefmoM ZF e 29 B2 UEYH, X= F 3A 710jste BE4YS BT AL A §
< U2 a2fst SHAP 3ol 433, Y& 5459 St A AT AAHA st BE B2 = T2 57
3718 &AERE HoEnh 9] 3o vls] O §@A E01X Qlo], UL Feit
2 A7E E35t 7 B/do] 7140 O] sHAlE 7130 § B2 §F2 & 5 IS U &
g F4F 4 9+ Partial Dependence Plot(PDP) 53], A|H9 £F9] SHAP 21t 5 250 YR|gt tix]
S ARgsto 58 5459 stAsuE &g Ao BEZ2 JYE B4t 7140 s 384
PDP+= &4 M8 AQJst O HaE 1 éﬁi 3, A FF2 DRl A= BT
7 H40] AA HeolA Uehd o 53tE20] B4A S AT e ARE R4 7HEo) 982
Ql HalE Foll stAEYE F5k= 71 IEHApley R = 583 YRR E4o= YET Atxe 2
and Zhu, 2020). 7 40 tjigt PDP Z419] 7|2 W= T 2 Aol AdE EeA 71A 0
Z17F 1 EA YEepd 49, "ol 7o et A0 BAM FF2 0| 2 U2 BoET A= 3
AE Qlujsttt. & A7 F 2SS AYE BeAto) FEAA 9F
2 & AR Ut ¥t Jro] 3¢ gho] wot
AEE APE B4t 7140 EARR] dF2 v
V. M Al 7oz YEPTTE &, A9 9% = 550 HX|gt
1. ARIL HEA AR 2 ZAdt <H 44U B dAA Y H5H7t 2t
4 MAPE RMSE
1) AR AR O]X]= Q9 EX9] 7| AHu}p LR 0.777 4.724 0.464
_ o = RF 0.893 3.226 0.322
& ¥+-= LR, RF, LGBM, 22]3 XGBooste] & LGBM 0.861 3642 0.367

El 7}Kl oAleld duelEs g8oto] g E54t XGBoost 0.912 2.938 0.292
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