Department of Transportation and Logistics Management

National Yang Ming Chiao Tung University

Master Thesis

%‘qulbﬁ & i ‘_,,(5\4}._[ gl ,% %-@- )—i’é’\’l‘%
Analysis of Rider Injury Severity of Different Types of

Powered Two-Wheelers

oy 4 ¢ ¢ &3i& (Shi, Chen-Zhi)
IR L 728 (Woo, T. Hugh)

PoE X R - - - #& A2

August 2022



PR E RS L X BT R AT
Analysis of Rider Injury Severity of Different Types of

Powered Two-Wheelers

ForoA LR Student : Chen-Zhi Shi
hERE IR Adivsor : T. Hugh Woo

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

August 2022
Taiwan, Republic of China



2022/9/6 £411:52 B GRHR AR R MR BB FEE RS

B 7 B B X B KB

AIREEFIEZBHRN  RAARBIUGARZEARERAYREER A _/2_@_5_%_ A -
110 BEEFE 2 BHIGETBUZMX

W FEBEAKESHE T REREENN
?a%?f{}x P RRIE

— MR SOR
MAHSUREBFE B ISEFBRIRZREHE - TREBURTEERZAL - BLW
X - ZEACIERNE. HEZFARBARBRREEZSF, -

T RNETRER
ANBEBAZELUFER  REEEETBEOEAS - AEHAASAGEEERER
EEa -

WX EX LEHABARZBEREE !
hRENHE CRVACIPN:G!
AR REEBERBLR RIS CRvAZIYNES)
RIMBIR AR K B X B E 88 m YBIAR

AR EREE TEEREAS BEAE, YEIHADBTERBMAR BN - BARME - K&
BARY - DUER - AR ESEEESRWSE ERENA ; REFREIGECHEERN - &
BETHLMER - BE - THABE -

At
A - PR (EE

bERE 111E 09805 H

.IHH)
»)a

https://etd.Iib.nctu.edu.tw/cgi-bin/gs32/tugsweb.cgi/ccd=ithReE/cdrprtﬁle’?ﬂle=ncyu-|icense.htm&dbmode=m



AIBHAXBEAE HEITEMBHXELRES
EI AT EE AR RERMA LI y B % £
P 3% 23 X

e (Px) AAMA S EEHL2GEREVER T M

(3% %) Analysis of Rider Injury Severity of Different Types of

Powered Two-Wheelers

@@y ERE B EEREG 0 FILEA -

% 5
5 e = (% 42)
75

L
e > ~
% x 2 %,é%jﬁxq (%42)

vy % & @ M & 9 A s




SRR E LR R T SR R e -
EJJ ji%:-’i iif?m'%ﬁﬂ;‘ﬂﬁ)\ ‘—‘:;—'-;“7,5?_,/\ ’4}; ll lfumfﬁgtuﬂ.\\ '&jg—mﬁ”’g °

)

AFRHMIZREFS E kenlp B XN S TR 2GR D P
- AT A A LRk FarEt o R R I R s R
G R FACY PEINOY ER 2 R AL Bk o { A4 2
PEEF2 - o BRREHE L RFEI R A EHEEC RL R LTI P

i
RFREFCE EME RN Y 7 ST ontdEZR B AR (A= fFo
o FRR R TE LB RN T AR E B B0 it S
B EFLS ﬁr@»fri}llﬁﬂ I BREN e I ——1?&’4,!%1*;)*/5323{?‘}{?’5 °

X E g}ho Bruk- BREAGP AP - A2RET FEREA R L
sheb s BEB R~ ROE PEREANG R S g ITE e o BN RA L A
T FIERPF e %@ﬁf% T E D E A B pE ko

Bt BT SR DRI 0 R R w RPRG RS A TR e o A
S kB FERE L R R AR PR E ke Fo A FEARSR
%o

¢ R AR
Bl § @iy Ly |

ég—i‘@]———,&,\@



PREAWI I RHF LI ERER AT
R R LR
REBP L~ § ey nyg b Al

i &

x’i‘-&i’r.,?ﬁﬁﬁir{m;}k,mvﬂﬁﬁ AR 109 # L84 32825 H %
R AR 100 ER A AT 11 F 2 o FHRY AR ANT P RE T TR
TP TAR > RA W DT (0 AR % fé—@i'lf"mé_i’ e “é‘
B E L DA F et 7 fJ iz
D < g g T R #
SRR I B ?"”'Jir»tm%J"% A2 AR
ek o B W FIE A E 106 £ 3 109 £ B
Lok o G <AL A E il £ A
TR E R A AR 2 A i£i¢;ﬁ)§.’rﬁ& “ﬁfﬂ
FEBOPPR)RFEARG ZfF o Ju T
kmhgﬁJwéﬁﬂ%Jm?*%*?p“ﬁ*%4&“
B S K AR E A mRE R
WasLlhr - 85 H - 2 RE R EARIES AR RS A EAPI A FE £ As
PEl ey WE  AFETHAO AR BAFFRERPEFIZDLE > AP E7 0L
Mt iE BdA

%‘
I —be —be

g,‘

FRGES W ﬁ’i@—i #PE?P"
FRALEFEAAFE %>>fu?".‘
Witz 3 0E R A
’ibﬁﬁi&d&?‘;ﬁ?ﬂ%p
«’:ﬂjﬁ&rlgﬁx1§nq<%~50
g ALY AL
P T Rk ST 5

X

A-

Bats 2 R PR I RERAE AR AL R LR TR



Analysis of Rider Injury Severity of Different Types of
Powered Two-Wheelers
Student : Chen-Zhi Shi Advisor : T. Hugh Woo
Department of Transportation and Logistics Management
National Yang Ming Chiao Tung University

Abstract

In recent years, the situation of Powered two-wheelers (PTWs) accidents in Taiwan is not
optimistic. In 2020, about 320,000 PTWs were involved in accidents, 110,000 more than in
2011. In fact, there are differences in the number of accidents and the accident rate of each
PTWs type. However, few studies have classified PTWs to explore the differences between
them. In addition, the number of registrations of different PTWs type in Taiwan has changed a
lot in recent years: a significant increase in large heavy motorcycle, and a significant decrease
in light motorbike. It can be speculated that the composition of PTWs type in future will be
very different from today. The purpose of this study is to explore the differences in the factors
affecting the injury severity of riders in accidents of different type of PTWs, and to make up for
the lack of related research in past. By collecting and summarizing the accident data from
National Police Agency of 2017 to 2020, the PTWs are typed into large heavy motorcycle,
general heavy motorcycle and light motorbike. Multinomial logit model and ordered probit
model are used respectively to evaluate the risk factors for the injury severity of the riders. The
injury severity from major to minor includes three categories: fatality (within 30 days), injury
and no-injury. The estimated results indicate that drunk driving, involving heavy vehicles and
speed limit greater than 50 km/h will increase the probability of fatal injuries of regardless of
PTWs type; adolescents and holidays will increase the probability of fatal injuries of large
heavy motorcycle riders; elderly, without a helmet, without a license and midnight will increase
the death risk of general heavy motorcycle and light motorbike riders; single-vehicle accidents
and poor sight distance will increase the probability of fatal injuries of both heavy motorcycle
riders. This study captures the differences in severity influencing factors among different PTWs

types. The analysis results can represent each type more accurately.

Keywords: PTWs accident ~ PTWs type ~ injury severity ~ multinomial logit model - ordered

probit model - risk factor
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£ 3. 45 (2015) vV v v v v v v vV v vV v v
324 42(2020) vV v v v vV v v V V V V V Vv v Vv |v
Blackman et
A% v vV V. VvV Vv v A v
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Kim et al. (2007) vV Vv VvV VvV Vv \% \% vV v vV v vV V V V V v \Y%
Se et al. (2021) \% A \% v v V V V V V V v \Y%
Shaheed et al.
vV Vv vV VvV vV v vV v vV V. vV vV V V V V V v
(2013)
Vajari et al. (2020) \% \% vV vV Vv vV V. V VvV V v v
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AR A HHE PRGNS RFTHE L IR RT FEAE A B i3]

ARG BRE FHATMLR G R R TR IRL DL GAER - AR 155 BRI

PR EBEAFLOMMP T B 2w R R R G R T AR e
o @ FF R PELRERNARARS G R T

31 53 B E B

7 78 R ¥ 3] (Multinomial Logit Model)* - 5 ¥+ #cs 5 w Al FHICER
%] (discrete choice model)s— #& > £2 — L& w Ep: WA P2 % s Y S8k
NEREEARESY > FEREEARF A RMFREAEADIARE Ho0r S

Wi = Bi)(lu‘_"sm‘ (1)
ﬁ‘:; Wm{ﬁi‘n‘?\mlﬁf{iﬁm"’ﬂi?f ’Xmﬁﬁ ‘T}i ﬁggi”‘”ﬁ&ﬁfimr—]%

wE o Bis witalicehs £ ey 5 B A& B4 7 (generalized extreme value distributed) £

Bt 5 5 Bk Y AR S R R T BT
Pru :P(VI/I’II 2 VVn['), i, E ], l / i l (2)
B0 TR TR AR S F gt AOCH SR T A A S

. _ _EXP[BiXni]
i = S Exe Bt )
wE B¢ B E L@ * B $£02% (maximum likelihood methods)i& {7 fz 3+ o d >
il %E&#i—ﬁ‘_jm :; z;g\]v} > B %ﬁ'{m,aﬁ'xv VA rruﬁﬂé@&mﬁ zarg ﬁ 1*"‘:,‘"- =
Y2 4p HJ& % v (relative risk ratio, RRR) 7 X % 3> 4 77 b '& F] & i & 08 88 RRR ¥ 1
A

s
B

RRR = EXP(Xp)) (4)

F-REFASRRR A0 LB LA 8§ R2 0 FURE RAPET AR R
%R % 5 & 2 RRR /|20 1 BFR) € % AP ¥R ' o

MR E B G H > Celiketal. (2014)%2 Vajariet al. (2020)F & 3k#- T = | 1%
ARE S T EEAIBIE T B 0 BT WA A ;p',’J-”‘ N A j\x;ﬁm g2t
= L PR Rt gk o R FHOR A o

10



2 X5 3 Bt H)
= B % B+t $-71(Ordered Probit Model)if * * % #ch "B/ LTy o A e R
B B R AT 0E

yn*: BXn+8n (5)

—,*i“yn*fxz\éi‘n’i‘*irif“’}ﬁ:ifim@ Rl X 5 BT A 0 L
BenFlE e g 0 BE G GEchw £ e 5 F A 7 (normally distributed) 738 £ 58 o

yn*-,@ IES E#&ﬁi?‘l * M Yy f:’» - Sy b7 Bl mé TAB4E rzfﬁmﬁ;’;’é‘ B IF,\‘.,QE;;:‘@
Bt 148 yu 8 yu 0Bl 55
ya=i fu <y, <w i=12,..1 (6)
He sy 5 Fenf i (threshold) » up 5 —0F wiooe AdE 3P o e B &N
AR CXGHARG oy, BT B

ynzl(#\é f%) if—oo<yn*<u1

yn=2(é f%) ifu1<y,,*<u2 (7)
=3(+-) ifu2<y,,*<oo
V—‘.‘HIJ Lﬁ%*ﬁ%

+ = b > 44 T (The Chi-Squared Test of Independence)¥ * ™ % & ‘e 4f | % fceh
M R BE R AT K 7 RIS 8% o FCAI 58 ' FIE - % Pearson
+ EHY NIESERABR A A NE PR LT ARER T HENSE 24 @
AHE O MATBEENFL T KL AR

TR = BAHR:
L A gaehnd @y il F - BRR GG G T S 1 s

2. PEpI R
3. BREERTG SRR B ~pi@E) AdZpd Rt 3 VAN E R
ﬁi ’ {?’ )?; ;JF_E"‘; }i‘:;i'w fﬁgﬁ'(,&‘;‘?%) .

Wald 1 Z(Wald test)® *#3)2 = 15 > %% 27§ BREE Hp $% > # Ho B
DAt f HcR R GEcE £0 00 AE RN O KET E p BEFE 0 BIA A
ERERS - AP TSR EHFUZ L Wald 20 F15 5B B 073

i AR ST %5 Wald # wehi & o

ETIRN
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Hize b rwfpatra s o pREDIEL RN br b M EXRIER A
TR SR b E R o P - B REcchR eIy fpRl et B p ¥
et T EZ A AR e ¥ VR d S AR HERS KO ERF F&
A d oo 5 E X AMMT 11 4p M % Bic(Coefficient of Correlation) g = g’_’%? g f"*ﬁc(Variance
Inflation Factor)#e 5 o — 4km 3 > A GHREHERTIF 273t t2RME
AR BRI 0 X2 RN A7 A ERERM L LR l“ﬁt(VIF){fF?i FEx ﬁ]“*ﬁg:
FAEA - BAE > - s VIF 4 0P (R8sl 405 3 LA 0 ]2 0.1 )
FrekimiErano

G TR R EE RS BT 1 B (clasticity) % Rk BRI
REDPFS o d AT PR G FIR PR G D R o m R - iR s Rt
BH R & TR 1%PF B E B 8 5 ch% it (Shankar and Mannering, 1996) » fiefE e
TF ¢ L (semi-elasticity) k & T B R ‘e Fl R - BH P RERP IO A
PLsg L o

B Lo T A S f) SRR

_ df(x) x _ dinf®)
ef(x) - dx X f(x) dinx (8)
Fm o x FI 1% f) %G A e
AL R Ry e L ey AR R A A
_df(x) 1 _ dinf(x)
)= e X Few T ax Y

FOR R R R R Y BRI E T 0L S kAR - B AR genEd 05
1 pFos 2 pRE R IR = FIRLE - SUVRE - &8 WL S p-F- (R

AR o S BRERFECA A BT AR et~ 2R 2 AR B i
B4 He S £ su3t g4 Stata/SE 15.0 217 B35 o

F_
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ARG I B R AR 106 £ % 109 E Al A2 i ¥ & AR A AP TR
TR oR22BRT AT PR(FAE S Y B Fa B B - Bap RN L R < o £ )
TAPEI N ERDOFE 3T 560 Tt )hEais ol A(-) EEER
4 PR SR AT %’llia 3 1EFHR T2, Plestat 45
oG AEEE "]* €F ALFTH o TR aod 41 77 o

A1 FRALTENAFEL L TR
FRALTEAEGFELE (&) ERBERFTR 1Ex11)
T kE Bl B B 3k Fa
By 2R B RIS 3 [SR=$ 2
JELl LR B2 RS S AR EE
R 5 % 2-30 p = Ak B kA8 A
P 3 X iz Bihde (T
253 B Sk & b K
5 3T i e g | A St -

Ei ¥ 8 i# " AR B R

B R PR 2B i B fk AE R -E R B AR

He 2z il ¥ a2 Al

Jrs o B & 4
73 B B o ik A
FRUETEAEGFELE () (FFAFRLFETALE)
Fca X AR 7 8k E 7B =)
XL 1R G Bm T EF(L®)
BT H 478 Wk K R Bt
B EH A (h A EIE) B
B (1)) FEEEA ) B (A7) 2P ch
Hhd &g 2 4R i RE )

B E B Alah » T F A < A £ A S 106 £ 02,774 23 3 109 & 614,728

o EXETHLTE VA ﬁ«mgﬂw AR AR R 5 F A D R 4t

feho b 0 106 £ 3 109 £ 540 7 42i6 6 §
Bt £ B S Aok 4.2 91T o

p A B R E A gt o 2 B AT kit
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p “AEAP IEEELE 3
ot | Exs | Baeg | EHF | TxeEk | EHS
106 2,774 - 254,084 - 14,926 -
107 3,317 1957% | 277,616 9.26% 11,869 -20.48%
108 3,860 16.37% | 297,542 7.18% 10,280 -13.39%
109 4728 22.49% | 316,350 6.32% 9,543 -7.17%
&3 14,679 - 1,145,592 - 46,618 -

i B wé’ia&ﬁé}? 0 hE AN G 3AEIALE F R A 24 BER = ) A2(S
BEAXLGA30PP A )CAZ(AX G EMAE) 0 A B RN OE RES R
5 om ARy _'rﬁ/»\ﬁg%[?ﬂ;; AL ~A2 e d p » E > T3 ¢ 3 & & WR44p e A3
A3 S F IO E R

AT b FHE AT RHFILLGRAEDEEFZ s wFE N LA LA
ﬁ-éf-m],bgéib%gfmlabﬁé’iirg;é,ab&f:’i%-lmgi T e m/&ﬁﬁiwoiﬁcﬁ&@‘)ﬁs—
m}@%ﬁ;iﬁéﬁ-l L BRECERIAEFEDAFL AP FEAIGREARAT S
TR I24 o PER S S L0 akk.,;\np@ua 230 p pE= 0 AP R E LA
o (524 ) PR b%2-305p\"~« EHL T REZTZ OXBFEALG FIFT
AP REDFEERE G 3 X EALG -

]
Ed

FAHOEETEY A REE AR P AT T i g%ﬁ— B A FRB T chhp
B 3% %(Celiketal. 2014) » @ H-3] fo P P8 4 83 & RTZLAES P& &5 nn
~ BEFA(ER A ) AR AR AL L L E I TR S
BT A BRI ) F- BEERPHEA I OFAEANBISHL QIR EA
Bt g enBE Lo s 25 H0] o TR > 243 L AT RERZ R RE KA T
1t B AL LB RE R ARE V.

B L E e
i ‘s Z{ H%ib L | ]iq . H%: .
v = 30p p-= 4,480 0.40% 179 1.23% 237 0.52%
<% %% 1,015,291 | 89.58% | 12,094 | 83.38% | 41,420 | 90.39%
ARG A Z % 113,576 10.02% | 2,331 15.38% | 4,167 9.09%
&3+ -- 1,133,338 100% | 14,504 100% | 45,824 100%
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L LR P T Reehen] > BN LB R ERE X 4 A 50kmh T s A
i 50 km/h e Ba (% % {60km/hu b)ye Fpd i Raensn] 0 %% Vajari etal. (2020) &

B RS M s n 25 - AR AT M S0km/h B A R o Hf Ead PR
% =3t 50 km/h 3% «-.@;%@: 44500 g 2 By Tk -

%44 BRERR R FIFE T
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g FEREREH B=1 3 R=0
R % ed 5Pk 2 >0.15mg/L=1 >  B=0
LF W N
RSk
FHO|ERIE B4 AT =1 aiE=0
3 5ip& |[Apd - pFE=1- 200
T igp 4 aEp =1 3 R=0
4 aros £ 4tk ¥ pFE(7:00~8:59, 17:00~18:59)=1 » % A1=0
PPOlEE AL %% 4 4 0:00~6:50 prE=1 E RBI=0
P FAiE2 Ak 5 1)=1 3 RI=0
§ % R EREM=1 % p=0
% [Eee R FRG ARG #=10 3 RI=0
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o Al -

= 0E L =21
X iy v E

20
4
i
A\

v | b | o | b | ocme [ | oam | bw

Lo 3,273 | 0.38% | 770,618 | 89.55% | 86,606 | 10.06% | 860,497 | 75.93%

T iEp
(=82 1,207 | 0.44% | 244,673 | 89.68% | 26,961 | 9.88% | 272,841 | 24.07%
s gt % 1,187 | 0.32% | 324,156 | 88.70% | 40,110 | 10.98% | 18,424 |32.25%
K )
o 3,293 | 0.43% | 691,135 1 90.01% | 73,457 | 9.57% | 38,243 | 67.75%
CHcANTR A 778 1.30% | 54,614 [91.03% | 4,605 | 7.68% | 59,997 | 5.29%
[ /‘J%fé 3 3,702 | 0.34% | 960,677 | 89.50% | 108,962 | 10.15% |1,073,341| 94.71%
<5 s % 799 0.37% | 194,901 | 90.36% | 19,990 | 9.27% | 215,690 | 19.03%
* E’)ﬁ*‘* 3,681 | 0.40% | 820,390 | 89.40% | 93,577 | 10.20% | 917,648 | 80.97%
& P 108 1.04% 9,515 91.62% 762 7.34% 10,385 | 0.92%
4}1 e B 4,372 0.39% {1,005,776| 89.57% | 112,805 | 10.05% [1,122,953| 99.08%
B ZI 460 0.32% | 129,197 | 91.06% | 12,217 | 8.61% | 141,874 | 12.52%
L% 1Y
" 2 43 4,020 0.41% | 886,094 [ 89.37% | 101,350 | 10.22% | 991,464 | 87.48%
B 4k 4)1 ik Je 29 0.40% 6,945 95.62% 289 3.98% 7,263 0.64%
W A% e
" ‘ ety e 4,451 0.40% {1,008,346| 89.55% | 113,278 | 10.06% [1,126,075| 99.36%
— 3 137 0.56% | 22,251 [90.48% | 2,203 | 8.96% | 24,591 | 2.17%
3R
) £ 4343 | 0.39% | 993,040 | 89.56% | 111,364 | 10.04% (1,108,747| 97.83%
- R 216 0.79% | 24,758 [90.87% | 2,273 | 8.34% | 27,247 | 2.40%
Ao FE
243 4264 | 0.39% | 990,533 | 89.55% | 111,294 | 10.06% (1,106,091| 97.60%
- < % 50 755 1.18% | 59,671 |92.94% | 3,775 | 5.88% | 64,201 | 5.66%
BLUIRS
50 mF 3,725 | 0.35% | 955,620 | 89.38% | 109,792 | 10.27% |1,069,137| 94.34%
W~ i 659 2.96% | 20,961 |94.28% 612 2.75% | 22,232 1.96%
<8 kS 3,821 0.34% | 994,330 | 89.49% | 112,955]10.17% (1,111,106 98.04%
< 5l i B 2,168 0.32% | 613,328 | 89.75% | 67,856 | 9.93% | 683,352 | 60.30%
PR

BB 2,312 | 0.51% | 401,963 | 89.33% | 45,711 | 10.16% | 449,986 | 39.70%

P 2 1,270 | 1.22% | 102,380 | 97.95% | 875 0.84% | 104,525 | 9.22%
E3 3,210 | 0.31% | 912,911 | 88.73% | 112,692 | 10.95% {1,028,813| 90.78%

7 3,236 | 0.48% | 586,821 | 87.54% | 80,261 | 11.97% | 670,318 | 59.15%

e 1,244 | 0.27% | 428,470 | 92.54% | 33,306 | 7.19% | 463,020 | 40.85%

T 761 0.23% | 297,507 | 90.51% | 30,423 | 9.26% | 328,691 | 29.00%

£ ¥ % ¥ 1,270 | 1.12% | 104,039 [ 91.43% | 8,483 | 7.45% | 113,792 | 10.04%
His 2,449 | 0.35% | 613,745 | 88.84% | 74,661 | 10.81% | 690,855 | 60.96%

£ 2ty A 345 3.46% | 8,622 |86.52% | 998 |10.02% | 9,965 | 0.88%
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v = % 13 = 13 &3t

wFn A | 4 oE S ’;JL“ &ﬁj i v &ﬁzm o
ES 4,135 | 0.37% [1,006,669| 89.61% | 112,569 | 10.02% |1,123,373| 99.12%
. g 1,106 | 0.94% | 104,680 | 88.67% | 12,264 | 10.39% | 118,050 | 10.42%
7 R 3,374 | 0.33% | 910,611 | 89.69% | 101,303 | 9.98% |1,015,288| 89.58%

JU— i) s 1,838 | 4.39% | 33,790 |80.72% | 6,235 |14.89% | 41,863 | 3.69%
N 2,642 | 0.24% | 981,501 |89.92% | 107,332 | 9.83% [1,091,475| 96.31%

% 4.6~ p FhcAE R ( A £3H D)
Fv = % i < i £+

A Ag | 4 aE S ’;M 4; li v &&m ot
P T 90 0.97% | 7,720 | 82.88% | 1,505 |16.16% | 9,315 |64.22%
Bp 89 1.72% | 4,374 |8429% | 726 |13.99% | 5,189 |35.78%
. 4 33 0.83% | 3,227 |81.02% | 723 |18.15% | 3,983 |27.46%
ik 146 | 1.39% | 8,867 |84.28% | 1,508 | 14.33% | 10,521 | 72.54%

bR/ A 16 1.87% | 752 |87.95% | 87 |10.18% | 855 | 5.89%
J= 3 163 | 1.19% | 11,342 | 83.10% | 2,144 | 15.71% | 13,649 | 94.11%
< i ha % 26 1.11% | 1,974 | 84.58% | 334 |14.31% | 2,334 |16.09%
f = 153 | 1.26% | 10,120 | 83.16% | 1,897 | 15.59% | 12,170 | 83.91%

y ARP 4 235% | 156 [91.76% | 10 5.88% | 170 | 1.17%
A 7 PP 175 | 1.22% | 11,938 | 83.28% | 2,221 |15.49% | 14,334 | 98.83%
5 R b 3 12 0.98% | 1,035 |84.28% | 181 |14.74% | 1,228 | 8.47%
2 4 167 | 1.26% | 11,059 | 83.30% | 2,050 | 15.44% | 13,276 | 91.53%

5 I R 2 1.71% | 107 | 91.45% 8 6.84% | 117 | 0.81%
Ry 177 | 1.23% | 11,987 | 83.32% | 2,223 | 15.45% | 14,387 | 99.19%

6 e 7 1 036% | 243 |86.79% | 36 |12.86% | 280 | 1.93%
g 178 | 1.25% | 11,851 | 83.32% | 2,195 |15.43% | 14,224 | 98.07%

. %% 17 2.75% | 550 [89.00% | 51 8.25% | 618 | 4.26%
e 24 162 | 1.17% | 11,544 | 83.13% | 2,180 | 15.70% | 13,886 | 95.74%
- < 3 50 54 2.95% | 1,601 |87.44% | 176 | 9.61% | 1,831 |12.62%
50 1T 125 | 0.99% | 10,493 | 82.80% | 2,055 | 16.22% | 12,673 | 87.38%

R t 29 729% | 339 |85.18% | 30 7.54% | 398 | 2.74%
<A 3 150 | 1.06% | 11,755 | 83.33% | 2,201 |15.60% | 14,106 | 97.26%
- B 70 0.95% | 6,151 |83.04% | 1,186 |16.01% | 7,407 |51.07%
N 109 | 1.54% | 5,943 |83.74% | 1,045 |14.72% | 7,097 |48.93%
B 2 71 3.79% | 1,761 [94.07% | 40 2.14% | 1,872 | 12.91%
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. cge | ore | s [ b | i [ re | oo | oew
p A 108 0.85% | 10,333 | 81.80% | 2,191 | 17.34% | 12,632 | 87.09%
po) 178 1.27% | 11,621 | 83.10% | 2,186 | 15.63% | 13,985 | 96.42%
1 0.19% 473 91.14% 45 8.67% 519 3.58%
55 1.58% | 2,988 | 85.94% 434 12.48% | 3,477 |23.97%
3N 3 1.67% 144 80.00% 33 18.33% 180 1.24%
121 1.12% | 8,962 |82.62% | 1,764 | 16.26% | 10,847 | 74.79%
% i 1 2.94% 21 61.76% 12 35.29% 34 0.23%
178 1.23% | 12,073 | 83.43% | 2,219 | 15.34% | 14,470 | 99.77%
.”Bf - 32 1.72% 1,591 | 85.31% 242 12.98% | 1,865 | 12.86%
147 1.16% | 10,503 | 83.10% | 1,989 | 15.74% | 12,639 | 87.14%
Eﬁiﬁ]ﬁ‘q} 81 18.75% 254 58.80% 97 22.45% 432 2.98%
98 0.70% | 11,840 | 84.14% | 2,134 | 15.16% | 14,072 | 97.02%

2047 p Rkt EEB D)
o > %3 %% 0 £y

o cge | b | cm | b | ame | b | x| 4o
= p 189 0.54% | 31,738 [90.28% | 3,229 9.18% | 35,156 | 76.72%
48 0.45% 9,682 |90.76% 938 8.79% | 10,668 | 23.28%
s ap 59 0.42% | 12,623 [ 90.07% | 1,332 9.50% | 14,014 | 30.58%
178 0.56% | 28,797 | 90.53% | 2,835 8.91% | 31,810 | 69.42%
EIE /‘}% 27 1.34% 1,818 | 90.00% 175 8.66% 2,020 4.41%
B 210 0.48% | 39,602 [ 90.41% | 3,992 | 9.11% | 43,804 | 95.59%
. 38 0.51% | 6,680 | 89.26% 766 10.24% | 7,484 |16.33%
199 0.52% | 34,740 | 90.61% | 3,401 8.87% | 38,340 | 83.67%
50 4 1.57% 232 90.98% 19 7.45% 255 0.56%
233 0.51% | 41,188 [90.39% | 4,148 | 9.10% | 45,569 | 99.44%
- 25 0.56% | 3,979 | 88.76% 479 10.68% | 4,483 9.78%
212 0.51% | 37,441 | 90.57% | 3,688 8.92% | 41,341 | 90.22%
B i1 3 1.38% 200 92.17% 14 6.45% 217 0.47%
234 0.51% | 41,220 | 90.38% | 4,153 9.11% | 45,607 | 99.53%
e 4 0.43% 842 91.32% 76 8.24% 922 2.01%
233 0.52% | 40,578 | 90.37% | 4,091 9.11% | 44,902 | 97.99%
e 4 0.41% 888 90.61% 88 8.98% 980 2.14%
233 0.52% | 40,532 [ 90.38% | 4,079 | 9.10% | 44,844 | 97.86%
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W 3l 209 | 0.47% | 39,978 | 90.31% | 4,081 | 9.2 o0 L9% | 34
3 } 38 | 4.09% | 852 |91.61% ’ 22% | 44,268 | 96.0%
~ 199 0.449 el 40 4.30% 930 2.03°

44% | 40,568 | 90.36% | 4,127 | 9.19 03%

A i 142 | 0.50% | 25,875 | 90.96% 2’430 o | BT

: 207 | & 8.54°
- 55 T oss% | 15505 | 89460 54% | 28,447 | 62.08%
ha- 32 46% | 1,737 110.00% | 17,377
L 1.00% | 3,053 |95.26% 77 | 37.52%
i ;}?r: 205 0 ’ ° 120 3.74% 3205 0
0.48% | 38,367 |90.02% | 4,047 | 9 ’ 09%%
R 108 | 0.67% | 13,932 | 86.23% | 2,116 e
’ L3/ % 13.10°
129 | 0.44% | 27,448 | 92.64% | 2,051 Al Rl Lt
64% | 2, 6.929
» o | 2427 Tsssen | 310 92% | 29,628 | 64.66%
: 8% 11319
151 | 0.93% | 15,169 | 93.65% | 877 o) 270 | 9%
: 5.419
83 | 031% | 23,824 | 88.61% | 2,980 1% | 16,197 |35.35%
. 0
P oo o 500 e 11.08% | 26,887 | 58.67%
207 9.60°
2147 | 0.47% | 40,793 |.90.44% | 4,098 | 9.0 b TO | LOTR
: , 000
¥ 73 1.01% | 6599 | 91.50% 9% | 45,105 | 98.43%
164 o 50% | 540 | 7.49% | 7,212 |15.749
0.42% | 34,821 |90.18% | 3 : 5.74%
i 80 18% | 3,627 | 9.39% | 38,612 o
5 EE ) 3.68% | 1,554 | 71.58% | 537 |2 ’ 84.26%
: 4749
157 | 0.36% | 39,866 |91.32° %| 2171 | 474%
: 32% | 3,630 | 8.32%
o | 43,653 | 95.26%
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AFETHETARIOED 109F > 248 Td Basl o T A F RS
BEFA LRI EEAED 1,133,338 4~ LA E A4 D 14,504 m—m;r; A4 B 45824
Lk AR MR RIE R X AER G F1H T a0 0% s 08 Stata/SE 15.0
Al 5 Rk BEAS AL BRI DR R RD P2 UL L Gk
m&“ﬁﬂ%ywéﬂo

1 % #icéviE
ﬂda&ifﬁa Bp B+ b B L’*\lfﬁ FH ok L 95% 0 FANE
ook BT Povalue < 3 0.05 0 BIi%p ﬁx)}.*ﬂr EAhe 7 ABBEAE o+ TR E

Bom o xAIEAWE hp REF LY A F R RE CREF T Y I g
R BEP ~Bo A RS ARFED fﬁ—?oéﬂ‘*s’ A ¢ {2 A oicAl Y o

Flaii Bola GRREFAMM - 283+ 2 e g 5kdod 51 997 o
251 -r%FIZFEXGRAE i kd

$ud £ Hpe S A LA A
IS + 3 p-value + - p-value + p-value
e 7.3e+03 0.000** 24373 0.000** 498.608 0.000**
% b E 628.883 0.000** 33.056 0.000** 26.226 0.000**
% ﬂ»"%" 2.5e+03 0.000*%* 1.559 0.459 485.837 0.000**
S 2.4e+03 0.000** 11.500 0.003** 102.592 0.000**
i 1.0e+03 0.000** 13.029 0.001** 65.994 0.000**
Ky 1.9e+04 0.000** 1200.0 0.000** 1100.0 0.000**
oo s A 5.0e+03 0.000** 137.990 0.000** 257.899 0.000**
tg R 284.719 0.000** 14.367 0.001** 28.232 0.000**
ZF 54 1.3e+04 0.000** 388.600 0.000** 132.905 0.000**
TP 27.426 0.000** 26.111 0.000** 2.808 0.246
N 605.646 0.000** 38.395 0.000** 7.589 0.022*
A E s 1.7e+03 0.000** 21.276 0.000** 27.901 0.000**
x5 172.730 0.000** 2.877 0.237 14.105 0.001**
e 190.352 0.000** 13.285 0.001** 6.252 0.044*
B R 381.888 0.000** 1.208 0.547 15.459 0.000**
5 o 4k 296.006 0.000** 6.735 0.034* 4.906 0.086
R=i 47.218 0.000** 5.669 0.059 0.966 0.617
AR EE 195.165 0.000** 35.801 0.000** 0.250 0.883
i# ' 2.3e+03 0.000** 99.429 0.000** 74.667 0.000**
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*p<0.05, **p<0.01
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A LE GE(VIE RS Y f S EFEE S A L AN R
23 VIFEX > 1I0FELA T 3 E2AMEEH - BHREFLAP > 2372 8 BHA =
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MR 3o & 2 é’iﬂl]ﬁ‘_’ﬂl]m;, & & ,ﬂr} L&?:_L_\;:_kr,%\ 54 15 o

23



% 5.4~ = LRt B(VIF) 1o % & %

S i £ e <Al A

SR EH AR L R | AR IR EALR SR REE AL B
74 1.02 1.02 1.00 1.00 1.03 1.03
F s 1.08 1.07 1.05 1.05
B i 1.06 1.05 1.06 1.06
HfE >y 1.01 1.01 1.00 1.00 1.01 1.01
&R 1.04 1.05 1.05 1.06 1.06
a4 1.05 1.03 1.02 1.02 1.05 1.05
WA e 1.00 1.00 1.01 1.01 1.00 1.00
w4 AT 1.04 1.04 1.10 1.10 1.04 1.04
pAEpF 1.09 1.07 1.12 1.12 1.06 1.06
Bp 1.04 1.04
% 1.03 1.03 1.05 1.05 1.02
i 1.04 1.04 1.03 1.03 1.01 1.03
kR 1.01 1.01 1.01
B o ik R 1.01 1.01 1.01 1.01
Bom i A 1.02
AFER A 1.01 1.01 1.03 1.03
i FI>50 1.00 1.00 1.01 1.01 1.00 1.00

R ARG § R

AE g Wald e 5= 0 R d B0 Y p RiEhE Y LR 5 (L T IR
I B R p R B BRSO T p Rillchp B )3T
95% 5 s -k 3 o & B 7] 437 e F R0 oh Wald # % % e d 5.5 957 o
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# 55~ 5 BFFHCA Wald #% €% %

£ <A AP T A s B
% ¥ + 3 i P-value | =+ = i@ P-value | + = & P-value
3 7616.565| 0.000** 21.797| 0.000** 496.38| 0.000**
% LR 559.162| 0.000** 23.656| 0.000**
B & 2326.132| 0.000** 462.127) 0.000**
AfE iy 540.545| 0.000** 7.125 0.028* 37.066| 0.000**
£ PR 65.179] 0.000** 6.45 0.040* 14.155| 0.001**
‘}J‘f],’{&; 6787.142| 0.000** 417.318] 0.000** 745.913| 0.000**
Mo~ x| B 3375.628| 0.000** 96.803| 0.000** 140.884| 0.000**
w4 AR 522.151| 0.000** 11.497| 0.003** 35.727| 0.000**
pAEp 6990.060| 0.000** 238.932| 0.000** 205.922| 0.000**
B p 7.497 0.024*
% 340.347 0.000** 10.852| 0.004**
L 534.894| 0.000** 11.945| 0.003** 18.845| 0.000**
& A 23.370| 0.000**
PYpe—
Bow kA 217.824| - 0.000** 12.242| 0.002**
Bt 4k 16.553| 0.000**
AFEF 103.406, 0.000** 18.533| 0.000**
3% *1>50 1724.796| 0.000** 66.439| 0.000** 45.912| 0.000**

*p<0.05, **p<0.01

Rppteenig % Lot dor M BAT TS iy BT

5.3 #ildt
53.1 3 %

AESUZRATLUPD LS LD 05T B L 2R
Bl AR % @A NE G AR R TI RO RE B Y S RE B T
BRVERAELI S 5 UEAPNZTEY S BREA GG GEREEREF TR p g

Bt (RRR)Z T 23z ' 1% T AP RO A B B d R aPAp $ b "G ) o R )
#ERPM T ¢ 5+ > 53t iE(Likelihood Ratio Chi-square)¥? Pseudo R-square # -
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=
2
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ER R L EEEE S S (N e P P LN PR R B
LR GE AL Gl HERRRR<1): 2 FAEE ALT 20 B AE
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HrxAB S AR FL AL R CARFER LEFREIL S0km/h e d A
PER R F R ERE mm TR EREER YL TR LT B HAL G adp b
"t = M (RRR=1.367) ~ 7 > &7~ $X i p$th ‘&t 2 5 & &k M (RRR=1.236) -
Bakig? 28R }iﬂr-}‘mfﬁ»’ = B b 'R L (RRR=1.254, 1773) L
IR E o

d g?:-m' gk = 2t B (43911.8)2 4p b s p #(0.000)F Fv 0 30| g & B A A R

BECRFRENTe A EDEREA F A EAPI NI E RTINS0 5697
%56~ FEEAWD JE R BHHT

ARPER © 5 KER £ BEtR A% G

L3S (R S RRR piE 3tk RRR piE

W BeIm 6.690 804.091 0.000%* 4.393 80.898 0.000%*

FEASNE

7 -0.288 0.749 0.000%* 0.313 1.367 0.000%*

7ouE 0.211 1.236 0.000%* -- - -

% i -1.153 0.316 0.000** -1.583 0.205 0.000%*

A E >y -1.452 0.234 0.000** -1.474 0.229 0.000**

# R -0.290 0.748 0.000%* -0.263 0.769 0.000%*

vk -2.505 0.082 0.000%** -1.824 0.161 0.000**

FRFE

o s A -2.102 0.122 0.000%** -3.553 0.029 0.000%*

A RRT 0.076 1.079 0.020%* -0.072 0.930 0.028%*

pARpF -0.754 0.471 0.000%* -3.538 0.029 0.000%*

PR RRE

& -0.773 0.461 0.000** -1.010 0.364 0.000**

k& -- -- -- -0.318 0.727 0.004**

B 0.226 1.254 0.000** - - --

B 4k R 0.573 1.773 0.003** -- -- -

AR FE -0.539 0.583 0.000%* -0.695 0.499 0.000%*

i FI>50 -1.000 0.368 0.000** -1.579 0.206 0.000%*

BEE N 1,133,338

Log likelihood -375771.4

Chi-square 43911.8

P-value 0.0000

Pseudo R2 0.0552

Tt *p<0.05, **p<0.01 > % 7 F&* BF
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A EABE NI AR IR NS TR FAFERFREABISEL  H
REHALGpHLGRRR<D)FF e 2 F5& FE 232 ~pipHF-
A AP CARLEED R E i fT X 2 50km/he - B b 'k F]E 3 598 8 (RRR =1.990)
TEEH D EL P S G iR R o S A B p B
(0.000)7 4> ~ A€ 342 HAl R & R A5 BE - WA R0k 5T TR IR -

257~ <AL A RE R

BERER 7o KER £ BER A%

% &3t il RRR piE fitikdk RRR p iE
¥ B 7.888 2666.01 0.000** 1.067 2.906 0.000**
TR

e -- - - - - -
ForE -0.526 0.591 0.004** -0.753 0.471 0.000**
Az >y -- -- - - - -
ke -3.606 0.027 0.000** -2.702 0.067 0.000**
¥

Mo~ Ae -2.119 0.120 0.000** -2.955 0.052 0.000**
A ART a - -~ -0.403 0.668 0.034*
pip ¥ -1.283 0.277 0.000** -3.534 0.029 0.000**
FE Y 23

Bp -0.409 0.665 0.014* -0.465 0.628 0.007**
M -- - - - - -
+ 0.688 1.990 0.028* - - --
ARFEF R -0.741 0.477 0.010* -1.249 0.287 0.000**
i# *1>50 -0.899 0.407 0.000** -1.432 0.239 0.000**
BEEN 14,504

Log likelihood -6594.616

Chi-square 1132.18

P-value 0.000

Pseudo R2 0.079

o *p<0.05, **p<0.01 » —% 7 H#HK* FF

EABI DI A REI ARSI E T ERFRABIF L X AXE
R RRR<D)FE ¢ 7 B8~ AF % 20~ 28R ~ A8 %»wﬂﬁ‘%ip
REFREAS0kmhe EEAILHEAL § - BRGF R BRI OFHFLL T
HBp AT - AL G ipsh & ¢+ 2 (RRR=1.882)c d + “’Lﬂ*f)ﬁ%
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w\m

_‘_x

g

27



% 58~ iEA1E I R HHT

RERER e BER £ BER ALY
Fic fo 3" M RRR pig itk RRR piE
¥ B 6.673 791.104 0.000** 4.414 82.640 0.000**
(RS T

5 - - -- 0.632 1.882 0.000**
% ¥ -1.164 0.312 0.000** -1.960 0.141 0.000**
AR E >y -1.437 0.238 0.000** -1.454 0.234 0.000**
#£ PR -0.360 0.698 0.015* -0.502 0.606 0.001**
vk -2.403 0.090 0.000** -1.072 0.342 0.000**
FREE

Ao~ x4 e -2.006 0.134 0.000** -2.861 0.057 0.000**
wE AR - - - -0.330 0.719 0.022*
pAp#F - - - -1.647 0.193 0.000**
P TR B

&7 -0.762 0.467 0.000** -0.958 0.384 0.000**
B B = . - - - -
i# *1>50 -0.964 0.381 0.000** -1.525 0.218 0.000**
BEE N 45,824

Log likelihood -14319.45

Chi-square 2208.66

P-value 0.000

Pseudo R2 0.072
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459 &3 =B B 07

TRELE TR 2] 3

w2 %;Z&» pE (R 3 piE (R 3 piE
¥ AR
7 -0.271 0.000** -0.221 0.001** -0.347 0.000**
FouE 0.075 0.000** 0.136 0.000**
% W 0.262 0.000** 0.402 0.000**
AR >y 0.218 0.000** -0.608 0.006** 0.207 0.002**
# PR 0.093 0.014* 0.061 0.008**
vk -0.050 0.000** 0.443 0.000** -0.491 0.000**
FFL
o s A 0.831 0.000** 0.722 0.000** 0.689 0.000**
B2 AR 0.070 0.000** 0.092 0.000** 0.097 0.000**
pARpF 0.890 0.000** 0.868 0.000** 0.548 0.000**
PR 8 i TR B
P 0.049 0.057
X -0.058 0.000** -0.094 0.001** -0.035 0.045*
L 0.157 0.000** 0.105 0.053 0.126 0.002**
k& 0.101 0.000** 0.266 0.017*
B 0.056 0.000** -0.077 0.003**
ALFER 2 0.097 0.000** 0.257 0.000**
i# *1>50 0.312 0.000** 0.320 0.000** 0.341 0.000**
ul -1.296 -1.013 -1.283
u2 2.883 2.526 2.809
BEZEN 1133338 14504 45824
Log likelihood -381543.8 -6780.7 -14617.2
Chi-square 32366.9 760.1 1613.1
P-value 0.0000 0.0000 0.0000
Pseudo R2 0.0407 0.0531 0.0523

Lt *p<0.05, **p<0.01 > Z & FH-3]7 7 7% ARATRAREF LFp B &FT
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# 510~ 5B BE SRR & FlF B L 47

FaLipe S AL e
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= % ARG 5= % i P 7= -t ARG
BE AR
7 23.1% -5.8%  54.4% - -94%  58.7% - 1A%  67.7%
FouE -19.4% 1.7%  -15.3%  55.2% 26%  -20.0%
% # 118.3% 3.0%  -40.0% 122.1% 57%  -73.9%
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