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Lto| SERte| Lto]
RS | SR Jlpes
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PSS RIEIYNEEIS 10 0f 0: ote 75
[ MHIA /TS ALK 1: 0of 0: ofLe AT
ISYU/TACRENRL | 10 Of 0: ote
TEHOS OIItE 1: 0O 0: oty
7E HE | N2 10 0f 0: ote
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=
PSENEES BASS mEs=
oS mean std. mean std. mean std.
obs. 9,435 49,731 23,250
Eama S22 (km) 6.39 7.44 8.32 8.40 9.21 8.63
S (B) 32.88 23.99 37.16 25.14 39.23 25.39
AFR| FEHA 1151.10 670.31 1396.81 734.89 1680.08 955.22
ZE71A AR &KX FEHTLA Rt 117.76 517.47 203.71 704.29 155.22 866.40
interaction term 49.10 395.92 94.83 561.81 35.07 715.98
QT 5 25966.74 14080.93 26939.04 12504.39 27427.84 11558.69
olU: 19264.98 12602.95 20272.47 12685.37 19910.14 12568.58
AR 1807.04 1434.05 1826.69 1482.99 1838.07 1419.61
MG SAHA 4.67 2.21 4.94 2.53 5.45 3.04
;lljt;l# TR ASIIE -0.0207 0.04 -0.0172 0.04 -0.0167 0.04
OHE H|E 55.20 29.38 60.43 29.21 65.64 29.05
EX0|ExY 0.55 0.14 0.54 0.15 0.54 0.15
XISFEAMR|S] He 1.85 2.80 1.58 1.92 1.49 1.59
Ardsty 33.34 31.12 38.42 36.48 44.82 41.45
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NASE

El[]= 0 9 9
mean, % std. mean, % std. mean, % std.
Z ol 4 26026.20 14132.77 25636.76 12421.48 25461.31 11801.49
ol f=1=l]= 17780.75 12324.47 17537.48 11888.85 16993.21 11680.65
ARRR|2 2594.42 2532.79 3030.94 3055.67 3322.88 3341.48
ARRIS ZARRRL 5.54 3.05 6.30 3.71 7.00 418
OILIE H|E 56.08 28.72 57.50 28.72 59.94 28.84
TIE TN XGHRSIIXIQ A2 1.75 2.78 1.44 2.00 1.31 1.62
7vE 712 CBDHX|Q 2 15.93 10.01 13.33 9.80 12.20 9.68
LR} 52.40% 64.11% 58.91%
O X} 47.60% 35.89% 41.09%
Lto] 52.65 15.23 45.18 11.90 44.84 11.79
Th s 2.02 0.97 3.01 1.03 3.58 0.89
p=ES 73.18% 61.04% 47.50%
HY X} 13.68% 21.17% 26.06%
bNIE| 10.83% 15.52% 23.52%
7|E} 1.58% 1.40% 1.57%
TE7F E HESAAL 3.11% 5.61% 9.73%
MH|A & OIS AR 47 .64% 40.81% 35.01%
o Z2|AF L AFRZALR} 15.05% 38.44% 46.30%
h Jl58 o CHELREAR} 29.33% 12.92% 7.00%
=2 U SBZALK} 2.37% 0.63% 0.40%
7|E} 2.50% 1.58% 1.56%
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NASS 455 NES==-
ol

% % %
OItE 42.05% 59.77% 74.38%
e o2 CHMCY, Tt 34.29% 27.26% 16.58%
QUIAE 1.96% 1.33% 0.77%
CHEZeEl 21.71% 11.64% 8.27%
Ne 39.70% 49.41% 50.21%
HA 27 31.75% 30.06% 32.82%
QI 28.54% 20.54% 16.97%
CH, XA 37.22% 21.49% 16.97%
S8%}, QEH}0| 20.52% 37.23% 40.54%
S=E HEsus 40.49% 40.00% 41.56%
EHA| 0.61% 0.47% 0.46%
7|E} 1.16% 0.81% 0.47%
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A 22 7NASs 23

371 HolH2 &5t s IR ASASE ZE 9 70%, Bt
HEL2 30%=2 o] ot 7148y %% S Random Forest,
Histogram-based Gradient Boost, Gradient Boost, CATBoost,
XGBoost 239 H7} A3 vt A= [# 4], [ 519 Zth #A4R
F9] R-Squared, HEFEAH XK Mean Absolute Error), EZA|HFLA}
(RMSE)YE &8l vl B@rlstlon, 1 & HE ASASONA 7P S8
A5 HOl XGBoostE £4 Hgoz AAsItt s HFE AMES
of A&dor A3 WAE 7ot JARA ZAxet BlusiEd, Wy 7h

v BAE werd o e 7IAIsts 718 F skl XGBoosto] AW

= A 7
A% 272 @ B2A7k0] g3 XGBoost 2] &gkt Ak

237l oS ko Uehl Idns RSl B4 4o %
o AAZ, yEL cEgold, s YAML xF, yE Z5 AAgew, A
A dololA XGBoost B@9] ZX|7t duht @e] Wold YxAS &
A 4 9ct.

NS SASS WASE
R? 0.180 0.222 0.189
Linear Regression RMSE 21.502 21.934 23.108
MAE 16.402 16.671 17.284
R? 0.355 0.289 0.336
Random Forest RMSE 29.069 19.443 20.905
MAE 13.694 13.871 14.711
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) R? 0.375 0.385 0.342
Histogram—based

Gradient Boost RMSE 18.774 19.502 20.804
MAE 13.587 14.292 14.905

R? 0.348 0.350 0.312

Gradient Boost RMSE 19.173 20.043 21.273
MAE 14.114 14.803 15.287

R? 0.382 0.419 0.366

CATBoost RMSE 18.663 18.955 20.429
MAE 13.414 13.758 14.504

R? 0.401 0.423 0.395

XGBoost RMSE 18.160 18.946 19.816
MAE 13.283 13.384 14.210

[E 5] S272km) 242 I} 21

MASS 453 RPCES

R? 0.411 0.335 0.292

Linear Regression RMSE 5.708 6.823 7.354
MAE 3.961 4.999 5.348

R? 0.683 0.741 0.691

Random Forest RMSE 4.218 4.308 4.812
MAE 2.213 2.477 2.886

) R? 0.688 0.693 0.656

Histogram—based

Gradient Boost RMSE 4.182 4.684 5.072
MAE 2.363 3.066 3.341

R? 0.625 0.605 0.570

Gradient Boost RMSE 4.586 5.316 5.670
MAE 2.748 3.607 3.899

R? 0.720 0.753 0.702

CATBoost RMSE 3.966 4.202 4.722
MAE 2.195 2.650 3.018

R? 0.742 0.819 0.756

XGBoost RMSE 3.779 3.561 4.312
MAE 2.033 1.815 2.362
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(B 6] 2ASASE S2AIZH0| tHet XGBoost 2 MMzt ¥ OISt

| TSt XGBoost 28 AlXat & 0S4t

ASEE =olix £ "/iHsE [ 8], [3 919} Zo] Optuna T
AAFE B 2AHs5I¥Y. max_depthe YA 2 EZ|Y FHo Zo],
learning ratex S5&, colsample bytree®} subsample2 EZ|7} I
SHA BE5 oA BAEEA Hrs dAts WAISH] %t wiZi¥s, alpha®t
lambdays A2 FA|st7] Y3t A3t wi7iH<4, min_child_weight+
AL A7 EFOA 7HAE F7HEAE 245t sl et 7t 3%
= 9u|gtt
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(B 8] SZAIZH0 i3t XGBoost 2H0| AtEE 0§74 (Hyper—parameter)

NASS BRhSE WSS

max_depth 11 12 10
learning_rate 0.0435 0.0362 0.0448
colsample_bytree 0.5236 0.5984 0.4672
subsample 0.6453 0.7810 0.7900
alpha 0.0488 0.0527 3.0302
lambda 0.0616 0.3174 2.0478
min_child_weight 29.1479 20.8974 10.0220

[H 9] S2H2/0| gt XGBoost ZHN| A= Of7fHS (Hyper—parameter)

NASS SAES IASE

max_depth 6 10 10
learning_rate 0.0439 0.0336 0.0437
colsample_bytree 0.5554 0.4281 0.5519
subsample 0.7508 0.5839 0.7552
alpha 0.1241 0.1815 0.1714
lambda 2.4505 0.0040 1.7059
min_child_weight 10.5592 15.2687 26.4055
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A 3 A ASASE 24 A9 6w
1. ¥49] 7|9% (Feature Importance)

FE7HE 9 AFA Aol ASAFE 5249 #H
FFEZ metolr] sl XGBoost &4 HFP2S

(Feature Importance)s AHESTE GBDT EEOo|x g
%517] Q3] 59 Bk vhEdoz B9 AuEe, o] o £X wLv)
AeE Slgo] et Ay F/EE S c‘}?}‘:}(Brelman et al., 1984;

19
(&

Friedman, 2001). o]o] @&} A& 7|zt ¥ =tte AL W47t AT
ARl d&0 7|o3tttE AL Qu|etti(Zhang and Haghani, 2015).
Shapley Valueg &d B4 7|0 E mefetglon, ASASE 4

2%l Global Shapley Value®} Local Shapley ValueE WEeEMHALE.
Global Shapley Valuex= Zt ®¥<=of th3t Shapley Value® AHgoE
EbdHl v} J@jZo]w,| Local Shapley Value:s EE Hlo]HE oz HIHAD)
o o' IFE YHEYI J=RE FHSH TFzo|tt. Local Shapley
Value 1 oA meio] 7W7k&4-5 W9l gho] Wal, HWxHAo] 7}
TMESE W] gol 21, 05 7SR EERZ *(HY TA, 9E2
<09 TAE UehdT(ERE-ol57], 2022).

kA Shapley ValueE EdHlz SZAIZE 9 &FAF ] o] ¥4
A 719 E Tmeofsian. AS5ASEH 24239 Global Shapley
Value®} Local Shapley Valuex [# 1 ] [ 111 &of &
BjE0], Shapley Valuedl Wt =&H H9] 7ok &9E AS5ASE=R
H]J—J’j}oﬂo‘ﬂ SAIEOl Rk —E—QEC“J el 7ok e [# 12],

<A it RARFY] WSO Vo 9= [E 131004 A
%]er.

ﬂJPE
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pus AN

10]

SHEE SDARI IS

#

49| Global, Local Shapley Value

a~
Global Shapley Value Local Shapley Value
Hgh
ATAABAA HAFR|_SEA A
A Al M
A CBD7Az] zx|_CBDA2!
HR A A Al
EECINEEEENEES e ———
ol ol
AR AT A gRUE
R _wet Jr——
Hz|_xlstaeizfzl HER s 2]
A s evg NYA_5 A7 %
X-I _4\_%% Az x_ Al M B AR HER| AL EAT S f;
x| otmes x| ofulEnlg
HER a7 SH7A_eimee
HFR_steizls Fr_seA
AT RS A MBATR Sz 2
47| ofzielE A%l ofuiEslg
EER R EEREYEEE
AFx_Exlolz2Y R L LS
EER TIPS Hgf Al Eop
R xstEeii) | AstEeIAz]
; ] 3 3 7 3 T 5 0 5 o k&
mean(|SHAP value|) (average impact on model output magnitude) SHAP value (impact on model output)
Hah
e w2+ [ (R R E —_—
2t 2 I EEWE
=z cooote | =z oDl -
wol I Yol -
EEERCEEEVESY | HFR MR ALBAR S —p—
Meoiza_ gz [ NEXATSER A ——
e ez [N o ap/malxt R
gy _woi/ol [ ot aful 2zl <)
sxx st A HFER_He7h _4’. .
s otz [ A%l ofstesg - ?'
%_}I\_%% =zxi_ei+ [l SRR MRS R §
szxl xstgeizl [l A% AsEelel p——
AFx_Feiasyie [l HFEX_FNNABIE =
777z o=+ AFA_B A7 e
Hzx ooz [l HEA_eRUE e
Hzx sz [l HFR A S
Hex_exozzy [l HFR_ERo|2 7Y -
sz _xstaepiz [l Szx|_xistaeiel -
azx.s o724 Al & AT P
vz [l AR ofsteslE B
o 1 2 4 5 6 20 10 o 1 2 30 Lo
mean(|SHAP value|) (average impact on model output magritude) SHAP value (impact on model output)
Hoh
TN HER_ABH A
Lol ol
A NB 21| M2
jzx|_CBDzl xRl CBDAHz]
MEA TR @7 A MEXATR|_S2H|_x
HFA_mezh SR _Eet
EERCIETEE ol Abg/atelnt
A ARAGEARIS SR _AMRASEARS - lp— -
ol el gt Ml ok - .
HEA Az AR At R ]
j__/}_%% ARR MY HER_ARAS BT - %
AFR_z elRg AR % AT 4*— =
HEx_olrds e
FHER_AR A ——-
TR _R|stE e .‘*_..
Al olzeng P
Al FsEelel =R x| -
AFA AFA_B AFF e —
Al At A A -——
7R el AR FUE -
0 1 2 3 4 5 3 -20 -10 10 20 tow
mean(|SHAP value|) (average impact on model output magnitude) SHAP value (impact on model output)

- 35 -




(B 11] 25458 S2A2/0| &2 0|X|l= #H=2| Global, Local Shapley Value

Global Shapley Value Local Shapley Value
Hah
HER| AZA A [T—— e .
YA APUE A gPUE e
2{zx| CBDAHe| =z copolel -
7FA drdz HFR_ATUE L
AR B HFH BT s
HER_E A7 HER & AR e
Rt Ao ——
Mot T x|_HFw_xt MExAZR| = A -‘p—-
S| mlsieolel AR 2] +— .
HFA_E o HEA 5 75 e e T
X-I_/}_%% ) areials A AeiAS - %
HFR| A A _AetAls -4
Lol Lol £
4 o 4+
5% Hzx| xlstEeiAel -
%R ofmEsE A%l ofuiEslg ~f—
PR ARHAL TR x| Al ML AT —f—
EER R g AR/ BRIX +~
sz ol 7| othes g -
HER_exolFY Fxl_exlolgw Y -+
. Low
meam(\)sZ:AP valuel) (average impact o“nzmsode\‘oiswl r;\;;n\tude) SHAP value (‘m;act on ms:a‘ outvuﬂﬁ
Hgh
e w2+ [ (R R E .
=z~l_csovi= | =mx|_CBDHeI
wx e [ AwR TEE
Az avas [ Ay olTes
ELODWCEEENREY | AR AR A EAIRIS
reotzx_sz= = [ MEXAFR_ATR 3
2o« [ Aot g
szl xstaieii) [N x| x|aiHol 2]
#7x_z a7+ [ R HFER_E e .
A+ zet [N HAwAl Weh —fp—— :E'
%_}I\_%% mzxi_aeii+ [N A A o §
szl opsresiz [N HzA| ojgeH|E 4’_
27| _ExlolgR HHExl_2xolgRY L
szx Astaezz [N SRR shaleds| 2] —
azx 5 ovs A5 oRe -
x| ofuhes|s x| ofutenig ——
Azx weptzoie [ AwH FAETE -
Az sz [l AT _A A B S e —
= [l e -
EERTeEey | ECRESEE +
0.0 0.5 1.0 15 20 50 -25 00 25 50 7.5 10.0 125 Lo
mean(|SHAP value|) (average impact on model output magritude) SHAP value (impact on model output)
Hoh
TN AR AT A -
3] CBDHe] xzx|_CBDAz e e 1+
P Sy
HER pRUE AR ATUE -
ELE T A oUs .
MEXHFR_HZ A MEXAFR BT
Aol Ng EEWES
AR AL BARIE HYR_AGAL BT
ta| xstEelAel x| —— .
Al AeA A A B kL
j__/}_%% AFH B ATE x5 a7 —— %
HEX_EX0IRY HER_Ex0|g 7Y B -
HER_opmEy| 2 HFA| ojmeslg e fp—
TR Rzt .0__ -
P a -
R FUABIE AR FeEEE —H—
2zx|_ormEy| 2 xzx ojmeEs|g —
A & ave s o7 L
AR Az A7 Arsteis >
SHER_MRAS AR HER_MEASEART <4 -
0.0 05 1.0 1.5 20 25 -5 5 15 tow
mean(|SHAP value|) (average impact on model output magnitude) SHAP value (impact on model output)
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AFA S dFus HAIAHS UEtdie AFACNA 7 77k AsHE g
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Abstract

Study on the Influencing Factors
on Commuting Time and
Commuting Distance
by Income Class

Using Machine Learning

Sungjoo Kim

Urban and Regional Planning
Department of Environmental Planning
The Graduate School

Seoul National University

Reducing commuting time and distance is a major spatial strategy
to reduce carbon emissions and an important way to improve the
quality of life of workers. This study analyzes the differences in
influencing factors of commuting time and distance by income
class using Household Travel Survey Data in Seoul Metropolitan
Area with machine learning methodology, XGBoost. Various
factors such as housing price, residential characteristics,

workplace characteristics, and personal variables were used to
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identify major influencing factors in determining commuting time
and distance by income «class, and recognize nonlinear
relationship between each influencing factor and commuting time
and distance.

According to the results, housing prices and commuting
time/distance have an trade-off relationship in all income classes,
and commuting time is increased as the workplace is nearly
located in the employment center. However, as the workplace
moved away from the CBD in Seoul to a certain extent, the
commuting distance between middle and high-income class is
rather longer. In the case of low-income «class, public
transportation and the distance from the residence to the subway
station played an important role in determining the commuting
time. In middle and high-income groups, the influencing factors
related to the improvement of the residential environment affect
the increase in commuting time. The higher the income group
lives in Seoul, the more likely to choose a residence more
expensive than their workplace. Based on the results of the study,
it suggests that the supply of affordable housing adjacent to the
employment centers would be effective to reduce commuting time
for the overall income class. To reduce commuting time for
low-income level, low-cost housing supply should be emphasized
in areas adjacent to high-density neighbourhoods and public
transportation. In the case of middle and high-income level, it
would be important to improve the residential environment near
the workplace to reduce commuting time. Also, suburbanization of

workplace could increase commuting distance using automobiles.
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