had 2 il =
ﬁﬁ%ﬁ?#'ﬁr§££§ &
R

| B 2 3F % & 11

A3 R TREE R

Exploring Hourly Travel Demand Patterns

under Various Land Uses

2 o e,
4 /’;’)‘i‘ =

/};ﬁ;i’ —_

A T iR



B TR R KA LR R A

Exploring Hourly Travel Demand Patterns under Various Land Uses

Moy o4 iR E Student : Yi-Yun Yu
R R Advisor © Yu-Chiun Chiou
Bz 2+ 7
& @?1 R TR
MLk e

A Thesis
Submitted to Department of Transportation and Logistics Management
College of Management
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master

in

Traffic and Transportation

July 2019

Hsinchu, Taiwan, Republic of China

:‘§%]§Z]*O,\_"}; 1



(3

(R AKITNMAEARXTLHZRAR)

KB T AP Z B h X 0 AAARE L% 8 A B G 7 4 2
PEER L SMRFALE@ZBL

WXAB CRE R TAHREE KA E NN

16 W4 sy
AABRERAZEAELS - BABBRALTBARE  SEBOIAL 4B ETRRARAEATE -
WXL EHREBAMZET R :

b3 XA B GETh NS B R) W cep
ARREEMERE LA BB HREY% B YRR 110 £ 8 A 13 B2
IR R B R E L W PERE 110 £ 8 B 13 B2H

WA Aedy TERAE - ZEAMG LEAUEHFHTREBEARZ A » FRMIEK - 0500
PLRE > UK AR E ST A dsE - ERAHA S NEHHEELEEAKRERN R
HEATRERE CME - THKFIE -

\ ‘/\. _)‘;}
HEE }a?xﬁiﬂ: (BEEL)

EEE S m%ﬂ@% (RERE)

7\ 'vvv“\/ LN

YERE /0f & & A /¢ 8




B i K2/ B RXE E

b A AN %+
(RAVM A KTARW X F M HE F 2R 0m)
PIHALL P HRE 4 40 5] < FA 4
B A8 -
AL RS R A $rR@ 108 £ T A

WX AT AR bk R T ARER KA 2 4R koA

HRRE
L) edda FHPHER: VHEBAMECRE £ A B

B OEG L FIH AT > EAME RE 110 8 A 13 8

P AR B /5&&/ #Eﬁﬁiﬁﬁz:%kﬁ%

AR Rgs [t ZEE

BEEER

vE¥ad KA 108 £ 8 A 13 B

[%%]

1. TEREEELMm X AMAEREZAMAREN, (107T£1A178 AEHETS
1070200012051,%) 2 Lfﬁ’\ﬁﬁu——‘/\?zm i

2. R THEMINFETALIB£H(Z)FH100010837T7T5k & X | @ EEAMBAITRAOEEMR »

HRERE &ik&&ﬁﬂ% BYHOMRERES045 > SRBSERAMBEELAMA
#7 BEX m EOHF ML -
3. AEPAMMFERIAE  LEXBEEREL BRRZE -



Bl 3z 32 18 K 52
W g2 P+ 3
MXOHESTEES

F i GEWMAYIREEP R CMER  H T3 BRE EF

Frifshx_ FEIHSRATHREFTRUEZIELIM

ERELIERKE, REXZEGFERT,

Dﬁ%%i-%%<5%£k

A28, 0%
WAL 4

1 | BT ¥

~ 2
KEEE’W@ 1R

FERBE—~ONE+H+ =8



Ayt TREZRIUGLEFEZLH

p;E 4R E %‘ﬁ ey mapsg #L

CERERES L S Et SRR L L R

# &

e
-
=
4l
'S
iy
N
Tl
=
3
oy
She
—
el
b=
a
Ak
i
t

v L
[
FECEE r*‘] % 2 H%“%*ﬁﬁ%ﬁzﬁ%ﬁ?g@ﬁ{w

(&
I

AP RI AT ALRFHN IR IR T E ] ERET LA L
REREZRFTEATTRY B4R I FRR-25E 2 B3
FoppEadeipaE o B B Fot R = RGN 2 kS g R o B - A G

JpEsES O AR R SR BN R ESREF RS B R A

§EAE D R E F IR R B D IS S pREOR i R R 2 5 R
BfFo 2B A AR 5 - A E SRR R R g e p

ﬁﬁﬂéﬁ%ﬁﬁ’“:wﬁ@§¢%¢4w%ﬁﬁﬁﬂéwwﬁiﬁﬁ&ﬁﬁ

DR ENN SRS S SRR W Rt 1 AU R

B B FORA G R i- HER LR NF S P E L BRA TG L5

8

Néﬁﬁ%PiﬁﬁbﬁﬁBﬁiﬁﬁﬁwwﬂﬂﬁﬁi:%&ﬁﬁﬁ&
A8 FARRIERS RPN REST IR F Y B HEF T E
FHEFER RN FEIEIREFLE AL B AT RS
WL RELE RS R B RE R i R 1@%?;? B o
FELSAFESAAGIFE LR FE F 0RE DL e hormt I8
Jé\%’z:’zclal"ﬁ"ﬂ‘w«i‘t»ﬁ#?ﬁ»%;mf;wﬂmrgmqg#g; BRI 4 B3
FREL E RIEREE A A o

-y

w@*'“gﬂ%ﬁw’w%ﬂﬁﬂﬁﬁﬁ\éﬁl 1S 18 AR 2 P A
FAGE T P R B R HRE D R E RS ) A A A AR EFE
mféﬁdéf%}l nE o AP L_%ﬁﬁffrﬁﬁ_mgtm] FL(hops A F ) A
EEN S

MAES D 2B P L TR RE G R S A - S TR A



Exploring Hourly Travel Demand Patterns under Various
Land Uses

Student: Yi-Yun Yu Advisor: Yu-Chiun Chiou

Department of Transportation and Logistics Management
National ChiaoTung University

ABSTRACT

In Taiwan, most of people live in urban planning areas where usually are highly
urbanized, densely populated and heavily traffic congested. Urban rezoning and
redevelopment may change the type and amount of activities and travel demand,
furthermore, the performance of transportation systems. Therefore, it is essential to
understand the effect of land use on travel demand.

Based on this, this study aims to explore the hourly travel demand patterns under
various land uses. Additionally, in order to collect the travel demand data, this study
uses cellular signal data to estimate hourly origin-destination matrices based on the
zoning of village (the smallest administration units in Taiwan). Three models for trip
departure and arrival are developed and compared. The first model is a multivariate
regression model regresses 24 hourly trip departure or arrival on built environmental
variables, including land use, social economics, and transportation systems. The second
model regresses time-period trip departure or arrival on built environmental variables.
The third model is a two stage model, the first part is to regress daily trip departure or
arrival on built environmental variables and then to cluster the patterns of the time-of-
day trip departure/arrival ratios. The hourly trips departure/arrival of a village can be
obtained by multiplying the estimated number of daily trips with time-of-day trip ratios.
Additionally, a functional data analysis is then performed to further explore the time-
of-day patterns of trip departure/arrival among villages and to comprehensively
examine the effect of the factors significantly tested by the estimated regression models.

A case study on Taipei City shows that the two-stage model (daily trip and time-
of-day clustering patterns) performs best in terms of prediction accuracy in travel
demand. The estimated model shows that in the land-use variables, total floor areas and
ratio of commercial floor area have significant positive effect on number of departure
and arrival trips; on the contrary, ratios of pure residential floor area, mixed residential
floor area, and agency floor area are have significant negative effect. As to the clustering
results, a total of five clusters are formed. The villages with higher ratio of residential
floor area tend to have time-of-day patterns of morning peak in departure trips and
evening peak in arrival trips, while those with higher ratio of commercial floor area
tend to have opposite results, suggesting the land-use factors affect not only the amount

of travel demand, but also its time-of-day pattern.
ii


http://terms.naer.edu.tw/detail/3157989/?index=1

Comparing to the two-stage regression models, the functional data analysis models
basically can obtain similar time-of-day patterns and confirm the significant effect of land-
use variables on travel demand pattern. However, the functional principal component
model provides more in-depth investigation on the variations of morning and evening peaks,
suggesting the advantage of the model at examining and modeling functional data (i.e.,

time-of-day trip patterns).

Keywords: Land use, Cellular data, Travel demand, Linear regression analysis,
Functional data analysis.
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SOCIO-DEMOGRAPHIC SUB-MODEL
= Demograhic change: population growth

LAND-USE SUB-MODEL projections, Household formation, dissolution and
Location of Households & transformation)
firms = Household attributes: (size, age, sex,
Residential floor space ratio educationefc)

Employment floor space ratio = Employment transifion and incomes
Land values/rents

Land-use zoning

Dwelling & occupancy types
Vacant housing
Demolition/redevelopemnt
Vacant Land-usable
Land-use mix

Unusable Land

Transport Infrastructure
Ancillary land-uses

= Car Ownership

= Migration

= Cognitive factors: aftitudes, preferences,
perception, etc.

|

TRAVEL DEMAND SUB-MODEL

‘ Trip generation |

Feedback

= Generalize costs
= Accessibility

Trip distribution |

\
\ Modal Split |
\

Network Assignment/Route |
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31 % & ﬁﬁw\ Nl

Al E 8 T A e 45 (2004) P S R R GFA AT RIL @ GF AT A
B A BAA B ) SEHEREZ P DL 3 B0 Tl G
I wfFadre LR B 2 e R REM R AP EFRET oL E
KAE P F o

@EFATHGS T TR A AT

Y =Bo+ B1x1+ Baxz + -+ X + € (3-1)

FNBEATHE VAR S

1 1 X112 - Xm1y [Bo &
Li-|1 ﬁz"lfmy Bl | (3-2)
A A A
Y = X - B + 3 (3-3)
[n x 1] [nx(m+1)] [(m+1)x1] [nx1]

P R EFEAATHCNY =X B e FAIY B T2z KR bF GEf ik >
%ﬁvf ¢ 3£ L > v (ESS, error sum of squares ) % &) > 45§ A dv ke (® o
Min ESS =¢T-e= (Y —XB)T - (Y — XB) (3-4)

He »ellez R L o

RFA TS G T SR

1 p R b § 5L FEE s Lo
2. ARPEERK

3. FAARE BRI

4. @& p 2 Aph
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5. AP EFLE AP T3L 0> R HZ0%2 N(0,07)

AT R AR TR AR A R IR F R RE Y R A
WAl P 24 0F 5 R MM SN PR 5 iE S R R AL e p
A A pERS 0 R R e 2 rStatsJ B TIm, Sl i B ke B
5 R e 1% AL g 5% 2R LR AR SRR B A

ﬁﬁ%ﬂ&*ﬁ%&ﬁﬂ%&ﬁ FA RPN Yl REGER A LA R
P2 R R E o m B o et (3-5)
Ye = Bot + BieX1 + BarXxz + o+ P + € (3-5)
He
Y, P s (A= Mg R s A= FlEE)
X=[x1 xz ...... ] ﬁﬁ‘%% g{ (4"' ‘3‘_/; 4}—#%.&%‘;1’%]/%% )

B =[Pt Pat - - Bnel” + it
t:pR (P3P PFESp)

DN A
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83 2 47 (Cluster Analysis) P -l o S 4p B Bkt afe » ¥ 7 & £
F

DR AR RS BEAGAFEE 0 H

H- ZRENEFLITE
( Hierarchical Cluster Analysis ) » if * **fk 2 # > pF > ~ & 5 &R IF A 2
( Agglomerative Hierarchical Methods ) £ 4 x| F# & ;2 ( Divisive Hierarchical
Methods ) ; ¥ — % 2&f

é] - A S T SEARNE - S - mﬁ‘} » 4 200 i 4 b
gk ko 11K T e

- (K-Means ) B § ki * » 242 F LB ¥HBp N7 e
FoRBAFL PR KT ESRE &% K-Means & 2 o

ARy @ * Rk 2 M stats |2 27 kmeans |3 % 273 3 2 #5(K=2~10)
Léﬁé%’&@%{Ké5’%M2%3Q$5ﬁmﬁﬁmﬁﬁﬁiﬂ’i¢

1 & 44 K-Means = 2 i (7 3P > 345 Sharma (1996) &2 +k & £ (2007 ) > #
Fé & 3% K-Means $ #4472 5 14077 4 38 ¢

bl
R4
5
&

s FRG L ATERDRE S T2 T AT K BAFEEKD
A5 (centroids) 48+ 2k (seeds) -

2. - E pinit

AR RBEBREF R 2R *“F"‘J-_:;i FERE AT L B ENEESE
BE B A% T X E A —*‘-’,jg% X5, EL}*’]{{ *~

A v 1_1_

FoeE R HALLE MR
(Euclidean Distance ) » = ;%4

Distance(X,Y)=y/2;(Xi — Yi)? (3-6)
3. BT

- R A A RIEER AT R H 1R T AR R AT
SRR ERE R - BREEAT K EEH2 0 > dok £ AR TR B L
2 BRI E R

/

B o
B
INEE FRT:
A T B EE T

IAHEEEE > FESEOBERE S L) A2 AIT -
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w7

H| w4 45 ( Discriminant Analysis) d — 1%~ 28 % #ic (Grouping Variable) %

e 12 5 B3t E a2 %] % #c (Discriminant Variable ) £ 4 ) 2] %] Sidjc > p

ﬁé@iﬁw%&ﬁﬂw%w%&@mﬁ@w&u%@xaaw%mm%@ﬁm
%) S0 o U )R] S BORRTEA B A TSR B E T iﬁékaﬁ °

R A (2007) 3p 2o 2478 fFatrcnd b o d F 97 % &
L A &«maﬂ*“@%&m<&%k’ﬁwﬁﬁ RS S

RE A HN SRR EG: PR BEE e

Y=o+ Bix1 + Poxy + -+ Prpxym + € (3-7)

ks
A=

Y : Z 4 S #Bcie (Discriminant Function Value )
Xz 4w 4 fic (Discriminant Score )

X =[X1 X3 e Xm] ¢ 2] %] % #K

B =B Bot - BmelT © 21 %] % #ic (Discriminant Coefficient )
el AL
Hu Sy 3 L Rdedy ~ P R B E B
2OZ B YR ERE AT I EAAT R - B TR e 2 A
HA4v 5 FRER] (2005) 47 D 2[R S 473 4T BRK

Lo - B2 a5 B @ 2|0 fHhiite & > F# LA S SR AL
(Multi-Collinearity)

2. (Al FRH-LFPEELRAPE X AR B EELPE D

AP HREAB SR EIA T REM o 5 Ric2 TMASS | 2

2 HoOE SR TR TS 2R B {1 4
W) e (- XA AL 0 @ % Bayes A BN AN o BB
NI A ] G B I LR R s o
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34 S8 FTH LA

Al EAR A ST RAEFT S 2 0 4% Ramsayetal (2009) &k
WUFHAIA L A& REEM2 Tfda, 2 RASZFTH P hlgic T
W SR F SR T AT o AP EN GRS 3 B 320 SHcA A R A
WP S B IR0 322 Sl A A AR Y L AR RBRTRENE 323 Sk
pECER R DR S A e K

3.4.1 SR R4 H
B r Sl TR R AT kR L - e TR U B S
" 7‘55}? :

1. £ = 3 & S #c (Basis Function)

TR BAACREEER R AL T Y Sl o o 2 Sl A K S
BeiEdadp o d AP FTRECL - XL ERIFL PO FED R
PAETEEP M s ig r i B HiE(B-spline) RAAMM &L+ Pk A (Order)
= 6 K a5 24 ] P50 1345 Ramsayetal. (2009 ) 28 27 R] > H 8L
Fle 5 B3 > s @LBRES FRTEPEE > AREL B R dhie
Bk 2 e AR 457 AAMCS 28 AFTT @7 2 AR S Bcdell 3- 1 57 o
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2. ATART R ok Gk

FIv e AT Bl AT S o 0 - e (3-8) #-T g g
ARIBERGNAF 2B T2 ERA @700 (39)FRedye ZnB
EeRer FHHRBPIRLE ¥ k £ needdr FARIEEY () >

FEN(3-10) Ad )T Btz BoitiEikcs N (3-11) -
SEE(x) = X[y, — x(1)]° (3-8)
n K 2 n ! 2
SEE(c) = X7y — XX cipre (0] =2 y; — ()] (3-9)
y=dc+e (3-10)

E= (d'd) Dy (3-11)

3. e r e kR AT

wiF A T 2 o 3 g e kR T (Roughness Penalty ) » H feig 20 5 5% (3-
12) » AR SEE B3 x() =co(t) =¢'(OcH » 7 #54 (3-13) » £ K
Fedtfike e R F e 5 5 (3-14) » Pt et 5 5 (3-15) o
F1* GCV (Generalized Cross-Validation) # 45 % i $-#AE > 43¢ (3-16) -

F(c) = X[y, — x(t)]” + 2 [ [Lx(D)]?dt (3-12)
F(o) = X[y, — qb'(t,-)c]2 + Ac'[[ Lp(t) Lo’ (D) dt]c (3-13)
R=[¢(®)¢' (H)dt (3-14)
¢= (¥'0+ AR) o'y (3-15)

n SEE
GVC(D) = (n—df(/l)) (n—df(,l)) (3-16)
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342 S|4 =L LA

SR L XL LT NS ERSEA TR LR X EFRE %"ﬁfﬂ Feodv g
£ 3 fic (Weight Function) > ¥ & ;% (3-17) #5 @ (Probescore) p#7j 3
T HE 0 u LA W G Bk $ e (Eigenvalue ) 7 4 #c sk (Eigen
function) » pendx R B A Gdost (3-18) i 0 TP ABE I
BESB AL S Lo B EN (319) o mAlr Sdcd L &
2R PER SR BER o

AT ER AP

p:(x%) = [ £ ®)dt (3-17)
p= Mgax{inf(xi )} (3-18)

Ifz(t)dt =1 (3-19)

3.4.3 S8 ML ﬁrﬁﬁ

ER SIEUEY ST P R S R R R T £ S
Hors S BRSSO A 1T R TR R e 21 R R T

i
Ty LS

(1) R%#s #E (Scalar)» i3 %85 803 i

(2) Ry SBA G AREE: O 2

(3) RHcs FALUT 5 28

AP RS - % M f B RS T KRR SH R

B2 AR RE: FEER e enH R o g MR (2) 92 3 R AT

TR TEES A 2 SEcH 8 447 (fANOVA, Functional Analysis of
Variance ) » 4 %] 4cit 4o -
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1Ak ¢ B L Th 5 % ik

o8 (3-20) Hrom 0 HEAR RIS APMALE SRS B R Y > NGRS
BPELR A LBMAENM 15 12 L53FEMAMER JEIRIHRA
Vi (t) 5 PR Et i HM ]2 ey (6) 5 AlTodiEa (t)

LR EAT s kT omi g o s ano 0 x s magwrans

R RE U (32D) & (3-22) K2Rk PR F RECE R
AR OF i TIORFET rE- 20 R R LG ARkt kR

Y (1) = 1(t) + (D' ax(t) + B; (t) + & () (3-20)
>, A 0=0 (3-21)

2. Bi1)=0 (3-22)

2.

i)

e

AR ST RBTHETANE TERRIFE T 24 ) Fariank o o
N(32)HP i HEIHEA REA IR R OLAER () AEEE LG 2
ek o [) FREEE xR e 1,0 RALEFHENEF S
Bit) & Trlico gy A AT A EH m R R o IR (3-24) E A 12
BR? PFIREEFR @ TIOREEG E- 2K R R G AR A

yi(1) = Bo () + X 72, x5 B (1) + (1) (3-23)

21B;(t) = 0,vt (3-24)
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ﬁ :Z;G‘)n" ¥ f 2.8078 ***| 1.7449 ***| 1.3828 ***| 0.9238 ** 1.2833 ***| 1.3775 ***| 2.2175 ** 1.1231 1.6328 3.1763 ***| 3.4224 ***| 56714 *** 4.316 ***| 9.8201 ***| 8.1241 ***| 8.3415 ***| 8.6607 ***| 16.4968 ***| 29.4802 ***| 15.8693 ***| 13.025 ***| 14.3627 ***| 10.3062 ***| 4.7186 ***
1 :;i ;:‘; ¥ -0.7569 -0.2397 -0.3055 -0.2717 0.121 -0.1547 -0.2267 -0.656 -1.4082 -2.1933 ** | -3.7406 ***| -5.3135 ***| -59765 ***| -4.1281 ***| -4.5073 *** -6.31 ***| -9.6335 ***| -11.929 ***| -9.2381 ***| -5317 ** | -5.4355 ** | -51804 * -2.9719 * -1.707 *
g |® fRrAxIR 0.8243 0.8064 * 0.6298 * 0.217 0.3833 0.4156 0.5778 1.7554 * 1.4632 3.2786 ***| -3.5848 ***| -3.9976 ***| -4.8397 ***| -2.4563 * 2.9163 * 5.0127 *** 8.55 ***| -13.618 ***| -9.1316 ** 3.5248 1.5894 0.4848 0.9143 0.77
g aneh . . : . o o o } ; N N “ 2 2 5. 555 | 13618 | - N 1 o .
?ﬁa M :]:‘;’ ¥ -15712 * -0.9662 * -0.6427 -0.4612 0.103 0.1057 0.0766 11714 23714 * -0.9731 -1.5437 -2.1228 -3.3626 * -1.6676 -3.5134 * -3.5793 * -5.7652 ** | -5.4739 -5.1589 -3.1479 -4.3992 * -4.2507 -3.3534 -2.4863 **
Rk R ] * *x o o
® 1.1272 1.2982 0.7844 0.369 1.7191 1.4656 4.0225 5.1572 5.7615 1.5337 2.0681 -0.6485 -2.432 0.0657 -1.3777 -2.6301 -4.3147 -10.339 -5.4701 -4.6963 -3.5987 -2.9674 -1.11 0.0153
R"2 0.2621 0.2142 0.1957 0.2019 0.1578 0.2983 0.4327 0.6242 0.5588 0.4387 0.3817 0.4077 0.4487 0.4601 0.4482 0.4465 0.4629 0.5034 0.5173 0.4684 0.4383 0.3882 0.3628 0.3256
Adj. R"2 0.2355 0.1855 0.1662 0.1725 0.1272 0.2733 0.4127 0.611 0.5433 0.4189 0.3599 0.3868 0.4293 0.441 0.4288 0.4269 0.444 0.4859 0.5002 0.4497 0.4185 0.3666 0.3402 0.3018
Num. obs. 432 427 425 422 428 436 442 442 442 442 441 440 442 442 442 441 442 442 440 442 442 441 439 441
RMSE 122.542 89.872 72.706 54.8201 63.8724 71.7134 135.622 181.236 198.144 183.997 205.536 244.694 257.404 280.119 292.105 341.245 437.876 593.383 652.786 430.512 409.458 511.052 357.919 188.828
s e Az A R *% *
L FIBRPALARTEE ! p-value< 0.001 ~ p-value<0.01 -~ *: p-value<0.05

52




5.1.2 - P 3|t

BT BRI S R BRGNS G RREMNA 5230 F - R
A PEREOE RN B B RN L SRR V@ ik
o Pl A e o) PR B SRR -

o

AL SRR LA T B F T HEEL 2 B L TR HE L E
?%@%&é@ﬁ@* TRARG A PRt B R & L p ) R 2 g
FRUEPRATNE L PR BF D D) AR T bR AT
B PETRG R S I BarEX PE TR AREA T KB T et RS T
TRIEA P E X EAC LR EAS FER rTEOVHFREBEA T EXE
AT ABERRERETI R RSP F ek HMED > N5 F PR

F S e Frae s i o

ETS

F_*
_\m
—=\

SRERREY D R BT R BRI TEY D
ki ﬁi¢mgﬁﬁ{;J&ﬁ%i’%ﬁ$ﬁ$%$¢%%W%
FIPFR ZAE ¥ 0 N AMHAE L IEARIT € F R F Pl o X
BRI E ST EAEEF G RFIF RS > Vo Ll B L GR e g
i

g
;
‘j?;
; fi'i

PR REARIPE IR ERSN I B BRI e Y

& y B REFER AT BLFEERE O EF

Wy o fFeide g P DEFFL > BRAKD AP EREE F o

Pl AN, REF L BB A A T8 B89 BB iE B

NHEPERE CAFERIHNREE IR GRIFEE OVREPLIS TR

;wahﬁwﬁL;luhuz&ﬁ%ﬁﬁf%Lw%ﬁﬁ€uﬂgﬂﬁiﬁ%@¥é?
1

R LM IRER

AR SRR FRG B8 % 0 T HR Adjusted RPB B
0.188 % = & 0 Bhit fFH5¢ > @ 0~5 B 07 B Hi5% Adjusted R* % /] »+ 0.3 >
FLRFRE ﬁﬁ%ﬁ;ﬂﬁﬁ*@ﬁ’&$%0%9ﬁii%%%ﬁﬁﬁﬁ’
A RERFEGHR P ey i a4 o

53



+ ~/,4;-AJ~ ~L;,.,'7%_ﬂ~ g2 21 ] 4L
3 - e = 1 - N % = — 2 =
% 5-3 =P RS g_ﬁﬁﬁlpp‘,.p%

[y L 0~1 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 10~11 11~12 12~13 13~14 14~15 15~16 16~17 17~18 18~19 19~20 20~21 21~22 22~23 23~24
(#;|) 116.795 ***| 82.067 ***| 67.3619 ***| 60.8141 ***| 76.7566 *** | 145.437 *** | 373.363 *** | 660.042 ***| 666.624 ***| 483.319 ***| 419.742 *** | 432.897 *** | 452.481 ***| 478.703 ***| 434.54 ***| 465.386 ***| 551.75 ***| 717.99 ***| 731.938 ***| 512.346 ***| 444.46 ***| 458.49 ***| 315.547 ***| 189.64 ***
2rc(EA) 1.1934 ***| 0.9199 ***| 0.7432 ***| 0.6502 ***| 0.7461 ***| 1.4457 ***| 4.2818 *** 6.236 ***| 6.3746 ***| 4.4217 ***| 34771 ***| 3.9289 ***| 3.5719 ***| 3.8339 ***| 4.1617 ***| 4.5106 ***| 5.6971 *** 8.424 ***| 8.1656 ***| 6.1131 ***| 5.5586 ***| 5.9596 *** 1976 0 | I N T2

T
iw?;_*)ﬁt -0.8811 -1.8718 ***| -1.723 ***| -0.8922 -0.1823 -0.1894 -3.886 -0.5592 -0.9424 -1.8729 -4.6955 -4.95 -5.805 * -4.1488 -3.4192 -5.4517 * -5.3719 * -6.2108 -6.7913 * -4.7756 * -3.4771 * -4.3151 ** | -2,5527 * -1.7641 *
* 4
;g P (I%f * -2.2727 -2.4837 -4.1954 ** | -4.3769 ** | -2.9973 -0.3455 3.0056 12.6991 16.3759 7.9674 -1.8165 1.3617 1.5345 2.9319 -5.0528 -1.5827 1.5471 4.392 10.3327 6.4669 -1.3141 2.1691 -1.5592 -3.9264
ag P
}i* ZAREAT L% 1.932 0.2195 0.6518 -0.7218 -0.9787 -2.1151 -9.2237 -9.4988 0.5921 -9.6896 -8.1215 -6.5061 -11.217 * -8.1037 -0.5134 -5.3163 -3.3134 -7.3126 -4.4155 22117 3.1493 5.9774 8.2515 ***| 5.6588 ***
2EELTHHG%| -0.0178 -0.4719 -0.0663 -0.8767 0.0513 1.6015 4.9208 16.5738 27.2824 * 24.3186 ** | 14.0234 * 16.5751 ** | 13.3603 * 15.7536 * 12.1412 * 11.2534 * 10.6858 11.964 10.51 1.4486 1.63 -1.0982 3.5502 -0.4601
("_ﬁﬁr;)i?* 0.1082 0.11 ** 0.1063 * 0.0809 0.0651 0.0302 0.3569 0.9701 * 1.0327 * 0.5053 0.5999 ** 0.5011 * 0.5588 * 0.4301 0.4033 * 0.4289 * 0.2501 0.1269 0.1136 0.0361 -0.0809 0.0046 0.0262 0.1414 *
PEE'S 3¢ 3] 0.0464 0.0791 0.0545 0.0041 0.1394 * 0.4015 ***| 1.2024 ***| 25354 ***| 22849 ***| 15716 *** 0.917 ** 0.9881 ***| 12038 ***| 1.0997 ***| 0.8709 ***| 0.8335 ***| 0.9628 ***| 1.1331 ** 0.9683 ** 0.8122 ***| 0.4861 ** 0.3949 * 0.2035 0.2448 **
R &;!:é&# 0.2652 -0.3522 -0.284 0.0744 -0.2369 -1.3374 -6.8511 ** | -14.314 ***| -12.45 ** -7.207 ** | -3.5741 -2.1208 -3.8229 -3.4449 -3.3779 -4.9417 * -6.0241 ** | -8.6351 ** | -8.5849 ** | -4.5222 * -3.1594 * -3.651 ** | -2.9511 ** | -1.2061
& ﬁ (F2%)
&
(ijjé:?‘ 0.1156 0.1804 0.1382 0.2479 0.059 0.1321 0.6971 -0.5713 0.0816 0.7558 1.6003 * 1.1558 0.7839 0.7732 0.7513 1.0541 0.7438 1.2925 1.2668 1.0098 1.0755 ** 1.1536 ** 0.9453 ** 0.348
A
ﬁﬁk_‘f\iji) 0.0499 ** 0.0285 * 0.02 0.0336 ** 0.0284 0.0252 0.0861 0.1082 0.2102 0.2206 ** 0.2348 ***| 0.2191 ***| 0.2347 ***| 0.2262 ***| 0.1587 ** 0.1896 ***| 0.1503 * 0.2023 ** 0.2118 ** 0.1134 * 0.0924 * 0.088 * 0.0564 * 0.0588 **
A
3 :‘(’;ﬁ)ﬂ" i 1.2452 ***| 1.0851 ***| 1.3381 ***| 1.3796 ***| 1.1973 ***| 23508 ***| 4.2859 ** | 15.4342 ***| 19.9902 ***| 0.4136 *** 8.006 ***| 9.2129 *** 7.45 ***| 10.1155 ***| 8.1608 ***| 7.5294 *** 8.963 ***| 8.8005 *** 8.913 ***| 56764 ***| 4.3095 *** 3.024 ***| 1.7937 ** 1.7014 ***
Jre :;i ;:‘;’ * -0.4568 -0.7345 ***| .0.7212 ** | -0.5808 * -1.286 ***| -2.3576 ***| -7.7575 ***| -10.409 ***| -9,5721 ***| -6.4831 ***| -4.6487 ***| -3.9814 ***| -4.0903 ***| -4.3282 ***| -3.918 ***| -3.1126 ** | -2.7956 * -3.7668 ** | -3.2722 * -2.0964 * -1.6565 * -1.2704 -1.4159 ** | -1.1523 **
i mERTAZIR 0.63 ** 0.684 ** 0.6603 * 299 *** | 22468 ***| -8.5835 *** 3.884 *** 056 *** 6929 ***| -2.7708 * 3. 8 8t 273 2. 3 2573 32 0.7556 *
¥ 55 () -0.3996 0.1 - 4 0. -1.1 -2.24 -8.5835 -13.884 -11.05 -5 -2.77 -1.681 -2.4335 -2.2654 -1.0086 -0.8571 -0.927: -0.9781 0.4822 0.42: 0.257: 0.2044 -0.6324 -0.755¢
:ﬁ] w :5; id -0.5509 -0.7719 ** | -0.4389 -0.5425 -0.8961 * -1.2246 * -4.4577 ** | -4.0144 -4.9441 -4.4342 * -3.491 * -3.3896 * -3.264 * -2.0216 -1.8868 -2.4808 -1.7322 -2.0409 -1.311 -1.3883 -0.7183 -0.415 -0.5682 -0.8974 *
AWMER TP PG
® 0.796 -0.3767 -0.1695 0.2808 -0.5657 0.3928 -1.7124 -11.47 * -10.463 -5.3585 -1.1396 0.2825 -0.6708 -0.2469 1.3294 1741 2.3342 0.45 0.2875 1.9363 2.4196 3.5919 * 1.2106 0.4303
R™2 0.2181 0.2869 0.2681 0.218 0.2903 0.378 0.3913 0.4875 0.4786 0.4804 0.4224 0.4327 0.4218 0.4513 0.4126 0.4138 0.3817 0.3906 0.3762 0.3784 0.4022 0.4416 0.3337 0.372
Adj. R™2 0.1902 0.2614 0.2415 0.1887 0.2641 0.3557 0.3698 0.4694 0.4602 0.462 0.402 0.4127 0.4014 0.4319 0.3919 0.3932 0.3599 0.3691 0.3542 0.3565 0.3811 0.4219 0.3102 0.3497
Num. obs. 436 435 430 416 423 434 439 440 442 439 441 441 441 441 442 442 441 441 442 441 442 442 441 439
RMSE 71.8765 54.0348 55.1123 60.0942 68.6987 110.387 325.151 534.642 576.721 352.83 296.24 289.098 298.129 303.596 264.495 258.886 292.021 354.986 361.756 239.743 179.687 169.722 135.296 88.9725
23 v 5 B\ F k2L gm 5 *kk ° ** *
X FS AP RLARIEF . p-value< 0.001 -~ p-value<0.01 -~ *:@ p-value<0.05
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Mean Absolute Percentage Error )= ;2 » 3= 15 f2 §# % #iceH3f B2 % > 1395 Lewis( 1982)
# MAPE 4 % = #8 % % > MAPE £<10% 4 35 Blic 4 3 # 72 R > 10%<MAPE<20%

Bl 4 7 3ERla 4 245 » MAPE 4 » 20%~509%2%8 77 3 i#l it 4 £ 32 » MAPE & >50% 5
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=

B
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n: s Pk Lk
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205-6 e gpRES S RERFRT S

P PR 0~7 7~10 10~17 17~20 20~24
(#38) 861.117 *** | 1631.74 *** | 3468.54 *** | 2313.42 *** | 172417 ***
2R i(F ) 9.005 *** | 25066 *** | 34,725 *** | 19.74 *** | 12312 **
2T A BT EE ) -16.846 *** | -4.899 -29.374 -5.131 -27.354 *
g [Fpr 22 s AT F% -21.422 * 17.279 35.795 29.164 -7.882
Ek [2AE 4T 5() 16.405 * 24,394 ** | -32.128 -26.285 -37.555
BEE LT (%) -10.623 -13.392 99.969 * 66.269 61.753 *
P REE(GER) 0.429 -0.784 * 2.406 2.798 * 2.125 *
PR EE 2C)) 0.398 1.113 * 8.634 *** | 6706 *** | 4288 **
L | REsRE(F 2 %) -1.354 -10.909 ** -34.2* | -34.786 ** | -25.904 *
@ﬁi LB g (F 2 %) 3.148 ** 1.519 5.012 -1.19 3.916
BHEFHE T2 2) 0.355 *** | 0,025 1.101 ** 0.864 * 1.096 ***
FEFRFFR A 1% 11.565 *** | 5932 * 48.378 *** |  §1.88 *** | 42485 ***
3P (BazEarEs g o) -1.85 -4.257 * | -39.606 *** | -26.347 *** | -15186 **
B [RER® AZRAFFFH 1% 1.774 -6.497 ** | -31,329 *** | 2627 ***| -0.41
i d kA R L ¢)) -3.35 2.57 -21.602 * | -13.872 -14,573 *
2FEE T B (%) 10.632 * 12.452 * -9.235 -20.491 -7.595
RA2 0.334 0.606 0.482 0.519 0.414
Adj. R™2 0.311 0.592 0.464 0.502 0.393
Num. obs. 442 442 442 442 442
RMSE 422.959 479.285 1868.64 1599.4 1383.01

IFS AR N A K F M p-value<0.001 ~ **I p-value<0.01 - *! p-value<0.05

EHPEES I S RBRGFE R BBRSE T b &
Ty Gl B AN s (51) o R N TR E A S-TRRN F T
loB FAF T @0 s E e R R AR 0 4523 L HEM IR

[T

Pt EFIERRIDL G ==

% 5-7 A A F-PFEEN E ) PFI IS G

| P 0~1 1~2 2~3 3~4 4~5 5~6 6~7

o 0.142| 0.098 0.077| 0.070, 0.085 0.153| 0.376
| P 7~-8 8~9 | 9~10

o 0.343| 0.375 0.282
B | 10~11 | 11~12 | 12~13 | 13~14 | 14~15 | 15~16 | 16~17
o 0.136| 0.132| 0.138/ 0.149 | 0.132 | 0.141 | 0.171
B | 17~18 | 18~19 | 19~20
o 0.371| 0.360| 0.269
JEE | 20~21 | 21~22 | 22~23 | 23~24
o 0.319| 0.316| 0.222| 0.143
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%\’ 5-8 %/E:)"\';L'JXi FE‘%‘FA"»\,;\ % %'&" f‘ﬁ‘f’,: ‘l;ﬁ_ﬁt
Py Sl 0~7 7~10 10~17 17~20 20~24
(#) 922.013 *** | 1810.58 *** | 3236.09 *** | 1962.29 *** | 1408.03 ***
2T (F A) 9.9 *** | 16,992 *** | 20126 *** | 22706 *** | 17.402 ***
TR A FETHEFR) -9.761 -3.763 -33.987 * -17.766 * -12.133 **
ifiﬁ TR RE S AHETFM -13.513 37.931 -0.789 21.239 -4.589
ol [ZAE A0 H%) -10.458 -19.405 -43.298 -9.522 23.006 **
BkE Ao s(%) 4.88 68.598 * 93.709 * 24 3.588
FAPREERGER) 0.873 * 2.478 * 3.168 * 0.273 0.09
A 2 F () 1.928 *** |  §,355 *** | 861 *** | 20913 ** 1.328 **
FELpER(F A7) -8.821 * -33.694 ** | -27.341 -21.717 ** | -10.945 **
ﬁﬁj LB g (E A7) 1.609 0.344 6.893 3.565 3,52 **
BHEFRF(FT 2R) 0.275 * 0.547 1.415 *=** | (528 ** 0.296 **
FERHEFH 0% 12.945 *** | 44,971 *** | 59432 *** | 23305 **x | () §2f ***
EE NITEEY 2T D) -13.616 *** | -26.326 *** | -26.824 *** | -9.136 * -5.508 **
Br (RERTAZTHRMEFERH G | -14307 *** | -30.56 *** | -11.943 -0.071 -0.926
ERBMEY FEe e 5% -8.765 ** | -13.524 -18.299 -4.748 -2.607
DFEH B 6] (%) -1.294 -27.01 3.725 2.68 7.663
R/2 0.44 0.505 0.451 0.401 0.467
Adj. R™2 0.421 0.487 0.432 0.38 0.449
Num. obs. 442 442 442 442 442
RMSE 570.534 1392.34 1862.81 913.839 486.306

ERE TS e

Bt ag F % Ip-value<(0.001 ~ **:

p-value<0.01 - *:

p-value<0.05

ERPERITIE P RERFL > TR AR T b g
HPEFAGE PR F L T I Gled 529 40T 0 B EAp R 1T F L
SHiF2 i Ed o 853523 | EHEPIEREE o

4 5-9 s plE-pFERpN &) T L G
| P 0~1 1~2 2~3 3~4 4~5 5~6 6~7
L RGR R
v 0.150 | 0.101 | 0.082 | 0.073 | 0.082 | 0.154 | 0.358
| P 7~8 8~9 9~10

B P

v 0.364 | 0.345 | 0.291

| 10~11 | 11~12 | 12~13 | 13~14 | 14~15 | 15~16 | 16~17
v R BNE pFE

v 0.123 | 0.129 | 0.136 | 0.143 | 0.134 | 0.150 | 0.186

| 17~18 | 18~19 | 19~20

A E PR

v 0.363 | 0.370 | 0.267

| 20~21 | 21~22 | 22~23 | 23~24
ot b AE P B

e 0.313 | 0.326 | 0.266 | 0.135
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5.3.1 p %= g

Bk 51297 LGSR B FDL BR
SR SRR AU ERS R RS S R RS Rt R b R S

N R #?ﬁ%%&ﬁ“w““%% ARSI S 203
NI SRR 5 R IR U SRR
G2 e ff o *JU‘T%WM&% T bpRL T AR E L E
Adjusted R? % 0.483 i £ P FR R R R R b

¥ PR RSB ﬁﬁﬁ‘%?
]

% 5-12 %&=x I8 -p ==tk ﬁr: FitE%

gﬂ'
. - =
(#38) 9998.97 ***
2AoE(E*) 100.848 ***
2Tk A HFFeE(F ) -83.604
A€ (Fpr pmd s AgEF H %) 52.934
Kz N FHE LY -55.168
2 EE AT (%) 203.976
PR k(FR) 6.974
PRETEY Y€ 21.139 ***
. FEHFERE(E 2%) -107.15 **
@’ﬁ] VB (E S R) 12.405
AWEFERF(F T 2R) 3.391 **
FEFREF S H %) 170.24 ***
LT a2 _87.246 ***
BF [RERT AT RWH M (%) | 62733 **
RSB RAEE F e s1 (%) -50.827 *
2F B P B 60 (%) -14.236
RA2 0.5
Adj. R"2 0.483
Num. obs. 442
RMSE 4976.05

IFS RPN AN F Y Ip-value<0.001 ~ **I p-value<0.01 - *: p-value<0.05
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@I FEHOT A A o E e £ e Gk

BEETAS-1T A EN A2 LD1IE B 5 0.8222-LD2 ## € & = 0.0987~

LD3 ¢ & % 0.0578 ~ LDA € & % 0.0213> 275 ¢ LD1 8 A 1L & o
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Na¥E e R FEE LY S
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EIRSRY = -0.306| 0.197| 0.373| -0.299| -0.138| 0.2234| 0.2083| 0.1713| 0.7819
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