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Student : Su-Hsuan Wu Advisor : Yi-Shih Chung

Department of Transportation and Logistics Management
College of Management
National Chiao Tung University

ABSTRACT

Non-motorized transportation (eg walking, bicycle) is a major factor in the
development of sustainable transportation systems, but pedestrians are the most
vulnerable road users in the transportation system. The number of deaths in traffic
crashes has decreased in 2012-2016, however, the proportion of pedestrian deaths in
the country has increased year by year, indicating the severity of pedestrian crashes.
Therefore, how to reduce pedestrian crashes and the casualty of pedestrians is an
important issue to be solved. Safety performance functions can be used to identify
crashes locations with low accidents but high risks.When establishing the safety
performance function, the road exposure (including vehicle volume and pedestrian
volume) is an important factor, but the pedestrian volume data is scarce. Therefore, this
study intends to compensate for the lack of pedestrian exposure in pedestrian safety
analysis by establishing the relationship between land use, pedestrian volume and
pedestrian safety, and attempts to develop a simultaneous equation model of pedestrian
volume and pedestrian safety to solve the endogenous problem.

The research results show that the intersection characteristics such as land use,
social economic and traffic construction around the intersection have a significant
impact on pedestrian volume. In the pedestrian safety performance function, the zero-
inflated model (ZINB) with the estimated pedestrian volume and relevant variables is
the best, indicating that the relevant variables can make up for the shortcomings of the
pedestrian volume data as a peak hour sampling survey. The zero- inflated model (ZINB)
with only relevant variables in the pedestrian safety performance function is sub-
optimal, indicating that in the absence of pedestrian volume data, it is also feasible to
use the relevant variables to establish the pedestrian safety performance function. The



simultaneous estimation model is better with the two-stage Predictor Substitution
(2SPS) method, indicating that the simultaneous estimation model can be established
in a 2SPS when considering the endogeneity of the model. In addition, the pedestrian
safety performance function with the crosswalk-based is better than the pedestrian

safety performance function with the intersection-based.

Keywords: Land use, Pedestrian volume, Pedestrian crash, Safety performance
functions, Simultaneous equation model
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57 5 RELH ¥
ey e 2000 P EERG M T3 g
w200 2% NAE E G fE T3 g
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Ber 20022 P EEG AR (1:3 :0: &)
Br 2002 pEEG L E (1:3 :0: &)
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Fer 200 2 2 p SR KRR T
Bar 200 2R P EFE G 2 RE (1:5 :0: &)
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% i * log-linear Regression Model » F]p* A 77§ adFd 2 ¥ & % ~ A ¢ 5~ i
BAPHE AR R Eprs ££* log-linear Regression Model » 477 3 chi7 A jin
£

o3 W e 3V ApoE
In(PedVol;) = a, + a,; LandUse;; + a,; SocEco;j + asjTrans;; + &;

PedVol : 2 i (74 /v &

LandUsej @ B0 i 2. 3 80 @ % 8]
SocEco; : B, v Lﬁig ke
Transi © BT 02 2 i 2% ik

PRS2 A A
342 T AL @R
A 2 & > ok Boafil s pF oo Highway Safety Manual (HSM)#& 2% @ *
Negative Binomial Model » fe d **F g FH 23 8T » ¥ 5 * £ 0 PR % > F]
AR A et "f 7 HSM & é;‘iiév’ﬂNegative Binomial Model 2_ *} »

» & * Zero-inflated Negative Binomial Model > & vt @ faficst g -5 %

Negative Binomial Model

Y;

r(y; 1) i a
P(Y;) = —_— :_)‘;(%) (1 Zla)li) (1 +1ali)

Yitiy B9 %oE g
Ai i BRARH e E i
7 () * gamma function
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Ai = By PedVol; + B, VehVol; + exp (v, + y1 GeoDesign;; + y,; LandUse;;
+ y3j SocEco;; + y,jTrans;; + 6;)

PedVoli : 2 v i 2 (7 AR &

VehVoli : g v iz 2 i &

LandUsej @ g& v 12 3 3 i * e

SocEcoi : BT i 2 Ak g HF %‘@:j

GeoDesign : .U i 2 E R A PR TR
Transi @ v i 2 il 22K %#j

exp(6i) : PRiE_gamma-distrubuted (1, o )=z £ 38

Zero-inflated Negative Binomial Model

v { 0 » with probability m;
' NB > with probability 1 —m;

QI

P(;=0) =m; + (1=m) (1 +1a/’1i)

4
a

1
F(Yl + _) al; Yi 1
P(Y;>0)=(1-m) a i
F(Yl L 1) F(%) (1 + a/1i> (1 + C(/li>

Yit B 0fEOT dkcE
AitBv i P8 nE ol g

7 () * gamma function

Ai = By PedVol; + B, VehVol; + exp (v, + y1 GeoDesign;; + y,; LandUse;;
+ V3j SOCECOij + y4jTranSij + 91)

PedVoli : v i1 2. {7 A i &
VehVoli : v iz @ ;v &
LandUse; : §

A ESES AR T
GeoDesigni : BT i 2 E RS PR R

Trans @ Ba v i 2 2 i 2% R 8
exp(i) : PRj&_gamma-distrubuted (1, o )7 £ 58
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B 2ahFs - R GAHIEFAEIHE B FATabod 2 R ¥
TEARE E R fE o0 2SRl ghE C PR ERP EEF T A R pEs e
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HERA MR ENATH N BEE AR NN E R G LR F S E e
Pl ¢ DIR2 @l s 0 el o
g ol

= 4.1-1 BEERSERNERFETE (1200 BE1TEFXR)
F TE B#L  EAE Bl
=9 < 32 fpic(2 e/ ) 14.43 32.67 241.50 0
=B (P /) 9.67 19.59 144.00 0
X PIER T JER I 239.95 367.40  2050.75 0
=P fRlk(2 Rl 52.47 253.66  3280.25 0
< #& PCU(PCU/p¥) 311.70 47398  2722.00 0
23 E =2 Ri(2 Rl P) 213.08 236.73  1566.00 0
E {7~ AP fmiEc(P el ) 77.38 95.15 662.00 0
B 78 (P e i) 51.09 83.99 305.25 0
B {7 3 dpiic(P /) 1605.14 917.91  4917.50 0
E AP (2 el ) 2592.83  1884.89 16011.25 0
® {7 PCU(PCU /p¥) 294257  1446.64  8272.75 0
+ i~ AP RiE(P iRl ) 25.23 39.30 455.50 0
22 (2 /) 1.65 13.46 182.75 0
v i) AP feiE(P iRl F) 316.21 237.68  1420.00 0
TR (2 Rl 182.62 266.63  2879.75 0
< #& PCU(PCU /p¥) 504.40 380.51  2905.00 0
&3~ Al fmi( fRi/ ) 176.62 121.16 746.50 0
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% T WL b bl
e i U ﬁ:ﬁa&(ﬁ iﬁﬁdfﬁ) 2160.88 1054.01 5359.00 0
L8 iﬁaﬁz(ﬁ iﬁiﬁ”z/ﬂf) 2827.72 1943.94 16708.75 0
£ 2+ PCU(PCU /p%) 3758.06 1620.62 9233.75 0
FAME

FAMBRAARILS S8 BIML 1 (FAZ 2 E e BN b0 BT LE 74

(2 /) 183.36 298.53  1438.50

%

Bic( D fmdc/pF) 69.17 279.54  2138.50

ME RPN DT2 BB A 412 50 BATREC EO el FAFTRARNR
PR PRI EENIRIAFAVEFORFERR(FARE) §EEAFL
Rendfmfice 79 F 2 ST EZE BT A 413 B T2BER 2T
BiFABE2Z A NAN
Fx4.1-2 TAREERNERFET=(1200 {E1T7ZF4R)

R THE  HEEL bt E B @
74 (4 /) 703.67 44370  2488.00 18.50
TG 7 AR (L BlpF) 569.63 457.41  2467.50 0
748 2 HE e (A BPF) 134.04 21341  1125.00 0
= A1 R E (2 ipid ) 29.03 39.78 276.00 0
A R E (B ) 390.72 351.20  1858.00 0
#2258 E (2 fpl/) 200.83 317.50  2210.50 0
BT E2 (2 ) 620.58 595.29  3223.00 0
LA A P (P ) 0 0 0 0
LR A2 ieik(2 iRl ) 0 0 0 0
B D fel( P de /) 0 0 0 0
f LR B (D i i) 0 0 0 0
R A8 Rk (2 ) 17.25 28.10 191.50 0
SR A D feil(P iR/ 207.36 194.12 879.00 0
FET R jp(2 e /) 131.65 177.09  1089.50 0
SR ARG mE (2 R PF) 356.26 354.61  2039.00 0
it R JER Sy 11.78 26.21 151.00 0

w38 0

EoEPDim 0

Fapa 0

(2 /) 264.32 514.63  3134.00

3w 4.1-3 BOBITAEERGFE (72 {EithER)

% ¥c i REE BtE BE
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TeFAE 1081.55 856.89 4095.50 0.00
> HRE T AE 262.94 378.03 2009.50 0.00
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i i FEMBE F AN
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Ew i O 33 2.4%
1 91 6.5%
2 98 7.0%
3 206 14.7%
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3 4.1-5 SRR IEHIE R AT ET (50 RS O)

%Kk | = #k A
A2 AR F] 1,344 96%
% 56 4%
7 A5 B ap # 1,361 97.2%
GEG R 1 0.1%
) 38 2.7%
7 A% BFprip # 1,069 76.4%
(7 A BB PE4p) 266 1.9%
F
GEG $H 3 0.2%
Bop 2% A G 62 4.4%
2 2 P ap # 985 70.4%
% 357 25.5%
G EG B 2 0.1%
Bp & A G 56 4%
413 THfER - ADMKRRRBEERE R

%4168 4 417 2 FA B Rty 72 B ghend g % v A v ALY

EARRTRES RN} EIF G

F4.1-6 TiER - AOERRBEEZERERGET-(72 EithE)
s 3 Tinm B L B+ ) i
Bav i ik 23.06 7.26 40 5.00
IP‘ TN X B i i 7.59 1.93 12.00 2.00
B Tind i #ic 5.82 1.77 10 1.67
H2 Ao d(F ) 5.48 1.21 10.79 3.37
HEACBRE(A/[TS ST 28484.87 12579.35 53991.93 5606.24
12 0-17 gk % v fe(F 1) 961.40 332.07 3030 549.00
112 18-64 f £ v B(+ 1) 3686.72 832.96 6765.00 2274.00
2 65 kb A v gEe(F ) 835.04 211.16 1514.50 427.00
2 0-17 fk £ v vt i 0.17 0.04 0.28 0.11
112 18-64 fk £ v it i 0.67 0.03 0.75 0.59
12 65 kb A vt 0.15 0.03 0.22 0.07
FECR )T B e ik(F 1R) 4.87 1.33 7.50 2.52
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% K TiaE e Bt B B B

FRR i 7 e i(F iR) 7.99 1.75 12.00 4.79
H2FErarE(+ =) 1535880 52780430 3576829 562294
HE & A TiogEsarm(+ ~/X) 277.46 5751 414.63  159.24
FLRGA(T > 29) 22768.96  18407.12  72573.22 0
L2 Tg (T 2¢) 2372498 1733549  60499.86 0
Fg H(E 2 9) 11605.47  13985.00  60345.90 0
2FGE G (T ¢ 323570  5956.69  40295.57 0
1TER G (T 2 116498  5671.83  46637.36 0
Bk F g F(Z 5 20 9) 133275  6206.45 53730.86 0
DE BT G (TS 2 1) 3438.14  9109.94  42486.85 0
L E R (T D) 281417 721825 51049.41 0
s (T %) 580.17  1546.46  12399.39 0
BT 50 2 % p B R Ak 7.58 12.77 44.00 0
Bor 100 2 € P 2B AR 23.77 21.31 95.00 0
Bor 200 2 % N OB AU 63.20 37.12 224.00 4.00
B T 400 T 168.62 67.36 390  57.00
Bt 50 2 € ubike i # 0.23 0.42 1.00 0
BT 100 2% ubike sk 0.44 0.56 2.00 0
B o 200 2 ¢ p ubike ¥ 0.85 0.61 3.00 0
B v 400 2 & ubike =i 251 1.17 5.00 0
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Br 400 2 € N ﬁ\s§~ dy sk A Be(F A = /p) 3.62 7.43 35.79 0
Bt 200 2 € ) ubike 58 B R (F #w/D ) 0.12 0.21 1.19 0
Bor 200 2 2 p ubike s B 18.64 23.81 88.00 0

F4.1-7 TiER - ADE R EEERE

S SRR AT (72 {E it RE)

% ME K B
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AR 7 36 23.4%
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S B3 E wEAL Proft])
(Intercept) -9899.702 3690.496  0.008 ***
PN 81.214 31.882  0.012 **
50m p 2 & g s 18.329 4358  0.001 ***
50m p Ubike 3 #& 365.747  132.996  0.007 ***
400m P #3182 B 241.666 83.896  0.005 ***
200m p Ubike T3ap B § 1107.849  293.810  0.001 ***
0% 17 /& 4 ot 5| 7186.328 1731.128  0.001 ***
Log(18 % 64 & * r #) 1438.044  448.893  0.002 ***
#Hd 4 (L) -2915.817 2087.246  0.165
BE%G #7205 508.636  882.046  0.565
NET AR -42820.307 9766.511  0.001 ***
132318k -731.714 132917  0.001 ***
2F31%% -486.511 194739  0.014 **

Multiple R-squared: 0.5508

Adjusted R-squared: 0.5126

10 fold cross validation MAPE : 0.83

3L L ***  p-value<0.01 » ** : p-value <0.05 > * : p-value<0.1
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& 5.1-2 TAREMEFTHERNZER - log linear WERER

$i et REL  Prft))
(Intercept) -2.953 3.475 0.3968

B4 Bk 0071  0.030 00187 **
50m p 2 # ks e 0.017  0.004 0.0001 ***
50 m p Ubike = #ic 0319 0125 00119 **
400 m p 38 b 0.163  0.079 0.0406 **
200 m p Ubike T 35p 5§ 0.787  0.277 0.0051 ***
0-17 f& 4 v it 6.741  1.630 0.0001 ***
Log(18-64 & + v #k) 1.231 0423 0.0042 ***
oG (i 2) -2502  1.965 0.2051
BE%G #7205 1.914  0.830 0.0227 **
NET R -29.263 9195 0.0018 ***
17235k -0.496 0125 0.0001 ***
2E41%% -0.685  0.183 0.0003 ***

Multiple R-squared: 0.5089
Adjusted R-squared: 0.4671
10 fold cross validation MAPE : 0.072

L 1 ¥t p-value< 0.01 > ** : p-value < 0.05 > * : p-value <0.1

Residuals vs Fitted
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NB model i = é7{7 A % > FradficS % > &

WEFAEE AR R EFIMM A TR T D

’é_aﬁbb blefgt e o LA T ] A3

BoAAEEGS CERBPIA CRT PSR L BEG FAERY
SUBT M FTAMIEESM U NE T BRGS0 FATEE Y

Bl 521 24 52-1 5 e LB > AL BY Bx e RPp 2754 V3R

ZgPEIN o B 522 5 & 5.2-1 450 Y L REH T A R ok B et Y

ARV PR EFA T RN TR AR LB AR RE
B 5.2.3 5 % 5.2-1 {3 en95% = 25 12 i T AP 42 A B 106 & § % (7 4 ¥ o
BlP <304 R T iT A F licyt 7 A 95%n i R AN 0 &7 NB HSS 3t e

7 Mg AR 101 # 3 105 & 7 95% 3t B dE R 2 R B E FBcRIFE L e Bo

7= 5.2-1 ITTALZZEVRE-(EET1T AZ(NB model )

¥k B3rE BE®EL Prlz)
(Intercept) -0.891 0.306  0.004 ***
Log(i 2t « &) -0.075 0.120  0.536
Log(=#& 2 ;i &) -0.034 0.033  0.307
Log(®z & /i &) 0.574 0251  0.022 =**
Log(+# 2 ik &) -0.131 0.196  0.505

A B ) 2.948 0.655  0.000 ***
Bor fh 2B E Bk 0.206 0.056  0.000 ***
75 RiT45m 1 B -0.132 0.049  0.008 ***

Null deviance: 332.57 on 252 degrees of freedom
Residual deviance: 295.27 on 245 degrees of freedom

AIC: 821.85
et E LR An M Gk ¢ 0.377
sx 1 %Fx 1 p<0.01 0 ** 1 p<0.05 » * & p<0.1
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% 5.2-2 TARZEMRE-fHEH1T AZE(ZINB model )

5.2.4 {55H1T AZE-ZINB model 3= E

66

¥ B3 EEL Prelz)
Count model coefficients (negbin with log link)
(Intercept) -0.576 0.318 0.070 *
Log(is3+i7 4 &) -0.165 0.118 0.163
Log(=#&2 ;=& -0.009 0.035 0.789
Log(E 7 & /i &) 0.513 0.244 0.036 **
Log(+ #& 2 ;=& -0.180 0.206 0.384
A B B 2.473 0.637 0.000 ***
Bop o E Rk 0.176 0.057 0.002 ***
77 %55 5m B fk -0.124 0.047 0.008 ***
Log(theta) 2.685 1.043 0.010 **
Zero-inflation model coefficients (binomial with logit link)
(Intercept) -4.960 2.070 0.017 **
Log(m3ti7 4 &) -3.514 1.841 0.056 *
Log(=# 2 /&) 1.400 0.621 0.024 **
AIC : 815.479
Log-likelihood: -395.7 on 12 Df
B EE R EARR ik 0.399

r 1 *** 1 p<0.01 0 ** 1 p<0.05 * 1 p<0.1

Binned residual plot
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we {8

PERS RIS T RIFIM U hEFT R BEY S ARG o &
MRS FEFRGFH S FAEEG S L100mp B BERE S
7 A g7 501 400mp < EfE e 400m p \[§]$:34; FAE
e g o AT A00mp R B ] BERER S FAE g

-

B 527 74 523 HiAm AR ALY LEAARAPN LT FELATRE
LR o B 528 5 & 52-3 4557 & RBH A F P ok Bt P
* 2t

%0 FHAA T ROPLEL > A2 P BR 2 .

M5.2.9 & % 52-8 #5811 95% s 3+ & 47 % A &7 A B 106 & % 7 £ ¥ s
WP AR T T A B e diedB A 9590 R R 0 A 7 NB HEY 3t e
7 %rg, AP 101 & 3 105 £ 795% % 3+ & 4f % 82 R % LBl 4 B

= 5.2-3 T AL ZE VR - 1HEI 2 2L NB model )

5 e Ry E BEL Pref)
(Intercept) -0.801  0.291  0.006 ***
Log(Z # 2 =& 0026 0036 0.473
Log(% + & i \1) 0.666 0213  0.002 ***
Log( # 2 7= & 0151  0.183  0.409

R 2136 0578  0.000 ***
77 A4 5m 11 -0.096  0.048  0.045 **
T ﬁ 5413  3.031 0074 *
100m p 2 2 p s 0014 0003  0.000 ***
o 400m p * B kiR 0113 0063 0076 *
Ber 400mp B¢ ) Sd® 0092 0034 0.006 ***
Ber 400m p 2 FlicE 0.100  0.024  0.000 ***

Null deviance: 376.86 on 252 degrees of freedom
Residual deviance: 292.10 on 242 degrees of freedom
AIC: 789.42
B3 iE S B R A0 M % ;0502
3L 1 FF* 1 p<0.01 5 ** : p<0.05 *: p<0.1
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% 5.2-4 i % jp Bl 8k ZINB model = ehf7 A & 2 2a s licEF 0 A
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Z

R 5.2-4 TAREEWRE-HHEIZR{( ZINB model )

i By E REL Pr(>fz)
Count model coefficients (negbin with log link)

(Intercept) -0.702 0.290 0.016 **
Log(=#2 ;= &) 0.025 0.037 0.495
Log(® =& /i &) 0.549 0.213 0.010 ***
Log(+ # & /i &) 0.118 0.202 0.559
AR B 2.107 0.574  0.000 ***
75 RiT %5 5m 12 ip -0.091 0.047 0.055 *
PEFRa M 5.996 3.108 0.054 *
100m p = & B2 AR 0.013 0.003 0.000 ***
e 400m p =+ B il 0.105 0.063 0.096 *
o 400mp s s B¢ S BicE -0.090 0.034 0.008 ***
B 400m p 2 FlikE 0.097 0.026 0.000 ***
Log(theta) 9.454  31.391 0.763
Zero-inflation model coefficients (binomial with logit link)

(Intercept) -3.631 1.137 0.001 ***
Log(+#& 2 ;=& 4.877 2.356 0.038 **
AIC : 786.50

Log-likelihood: -379.2 on 14 Df
Bt EL R EAPR ik 0.505

st %Rk p<0.01 5 ** 1 p<0.05 5 * : p<0.1

Binned residual plot
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% 525 5 R BT AE AP M ¥ 82 NB model 2 = ehi7 4 & > 4 2%
Sk AREEINL > BPAARAL O RUOFATRgT AERE
MEBEEAT R REFLAPM O ATRCEIFINE S AR DEATEG S
BB s ET PR BV BAR  FAF RS RS RIS 7T
SUIHEM L L hE MBS S AR RGO SR N 2D B A

RFHFLAAM  ATRCND L BEA S TAT RS o A R E N
A B ET G A~ 100m o2 B g Al 50m p HaE g B 400m B RS
FHcE BT A00m P SFEE g5 T4 s g o

15213 5 2 525 Ve A Bl > A LB Y B A WP L7304 AV 8%
ZFFP 0 W 5214 5 £ 52540557 L R HHE A BB Pk B0 5
UHEERRREE AT LR 0 A B2 o B 5215 L4
5.2-5 N e 95% et R R AR 106 £ 9 25 A F sl Bl 74 &R
e v fe3teng 7 BaE o AR 101 £ 3 105 £ 0 5% R B R RFE Y ST
Ho B B)EE AL 4k B o

R 5.2-5 TARZHE MR- T ASEHEEAEE( NB model )

2 Rie REL  PeR)
(Intercept) -1.656 0.332  0.000 ***
Log(R 3+ £) -0.347 0.119  0.003 ***
Log( # 2 7= ) 0.076 0.048  0.117
Log(® 72 i &) 0.698 0219  0.001 ***
Log(+ # & in£) -0.086 0.190  0.652
R 3.302 0585  0.000 ***
PR APNE - 0.263 0.076  0.001 ***
(% i34 5m 11+ Bk -0.144 0.047  0.002 ***
AR A 10.297 3212  0.001 ***
100m p 2 2 sk 0.007 0.004 0093 *
50m P #48 o # 0.279 0.166  0.091 *
Br A00mpPF F 2P BcE 0.102 0.041 0013 **
Ber 400m p 2 FlEcE 0.085 0.022  0.000 ***

Null deviance: 388.49 on 252 degrees of freedom
Residual deviance: 292.04 on 240 degrees of freedom

AIC: 784.84
Rt E LR E AR M Gk ¢ 0.527
sp o wxk D pe0.01 0 ** 1 p<0.05 5 * 1 p<0.1
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R 5.2-6 TARZRZE R E-LEHT ASEEEIE B ZINB model )
i Ry ERL Pl
Count model coefficients (negbin with log link)
(Intercept) -1.370 0.354 0.000 ***
Log(is3+i7 4 &) -0.270 0.124 0.029 **
Log(=#&2 ;=& 0.131 0.054 0.015 **
Log(®E 72 /i &) 0.635 0.230 0.006 ***
Log(+ #& 2 /i & -0.083 0.196 0.671
A B B 2.685 0.652 0.000 ***
DEE Bk 0.238 0.078 0.002 ***
7% A4 5m 1 b i -0.129 0.049 0.008 ***
FPEFRa M 10.844 3.319 0.001 ***
100m p = & B & #ic 0.008 0.004 0.063 *
50m p H3E 2k 0.393 0.172 0.022 **

;1»‘;[4 400m p | B o 2 #cE 0.111 0.043 0.010 **
Fer 200m p o~ B RICE 0.346 0.197 0.080 *
e 400m P 2 FlEcE 0.081 0.023 0.000 ***

Log(theta) 9.556 29.259 0.744
Zero-inflation model coefficients (binomial with logit link)

(Intercept) -4.842 1.984 0.015 **
Log(z 2 /&) 1.757 1.035 0.090 *
AIC : 783.03

Log-likelihood: -374.5 on 17 Df
iz ;L BY B R4 28k 0.547

Average residual

: p<0.01 > ** : p<0.05 » * : p<0.1

Binned residual plot
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% 5.2-7“‘#&6%@_{?’\%’};%*%@: ’“/T‘J A AR e LES R

S FRA g 6 BRGNP ahl f LW - R £ o7 05 & R aE(robust) st o
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R 5.2-7 NEBITAZZE R BLLE
N,

CERE 91 2 e e

NB ZINB NB ZINB NB ZINB
Count model coefficients (negbin with log link):
(Intercept) -0.891 *** -0.576 *  -0.801 *** -0.702 ** -1.656 *** -1.370 ***
Log(ms3+i7 4 &) -0.075 -0.165 -0.347 *** -0.270 **
Log(=# 2 /& -0.034 -0.009 0.026 0.025 0.076 0.131 **
Log(®E 72 /i &) 0574 »* 0513 ** 0.666 *** 0549 *** (0.698 *** (0.635 ***
Log(+ #& 2 /i & -0.131 -0.180 -0.151 0.118 -0.086 -0.083
A B 2.948 *** 2473 *** 2136 *** 2107 *** 3.302 *** 2,685 ***
N8 Bk 0.206 *** 0.176 *** 0.263 *** (0.238 ***
7% Mid%5 5m v + F#c -0.132 ** -0.124 ** -0.096 ** -0.091 *  -0.144 *** -0.129 ***
iEXEE] 5413 * 5996 *  10.297 *** 10.844 ***
100m p = & i sk 0.014 *** 0.013 *** 0.007 * 0.008 *
50m p HE =k #ic 0.279 * 0.393 **
Far 400 m po2 Bl 0.100 *** 0.097 *** 0.085 *** (0.081 ***
&X v 400mpp b e P ik 0.102 *>  0.111 **
e 200m po* B i 0.346 *
Ber 400m p =+ B el 0.113 * 0.105 *
v 400mp 3¢ ®Y -0.092 *** -0.090 ***
LS
Log(theta) 2.685 ** 9.454 9.556
Zero-inflation model coefficients (binomial with logit link):
(Intercept) -4.960 ** -3.555 *** -4.842 **
Log(m:+i7 4 &) -3.514 *
Log(= &2 /i &) 1.400 ** 1.757 *
Log(+ # 2 ;n & 4,765 **
AlC 821.851 815.479 789.416 786.499 784.84 783.028
BIC 853.652 - 831.816 - 834.307 -
Log Likelihood -401.926  -395.739  -382.708 -379.25 -378.42 -374.514
Deviance 295.272 - 292.1 - 292.039 -
G Eip bl fRiic 0.377 0.399 0.502 0.504 0.527 0.547
MAE 1.099 1.079 1.001 1.004 0.999 0.984
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BeX 5 AR FEFARETE AL 6 & 50 BE T (300 4 F ) 38
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P 2SRRI % - &R 5313 BHNehR Z R k5 B @p &7 Bt
?:}%%%Eﬂp\ » 2SPS fiE5¢ i i vh enBha 2SRI RS 2 0 it % ki 2SPS
1% % L 2SRI % o 2R 5.3.2 B BHEN e 95%AR R I R K F o A B
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% 5.3-1 MEBIS mET RN Z&AREEER

2SRl 2SPS

22k E 22t E
Count model coefficients (negbin with log link)
(Intercept) -1.431 -1.356
Log(F % 7+ &) -0.331 -
FAME RN 2ZAF -0.351 -
Log(fm:+i7 4 &) - -0.095
Log(=# 2 /= &) 0.256 0.391
Log(E =2 /&) 0.173 0.022
Log(+ # & /i & 1.501 1.584
100m p = & AR i 0.030 0.033
Br 200m p £ pidtiacd 0.090 0.074 ***
Bor 400mpFf oo P dkE 1.249 1.014
Log(theta) 8.807 8.512

Zero-inflation model coefficients (binomial with logit link)

(Intercept) -1.360 -1.378 *

Log(Z#& & /i & -0.623 -0.586

AlC 127.771 126.341

Log Likelihood -51.886 -52.17

FitEa BRI E 2 4P 0.443 0.486

MAE 1.133 1.107
* 1 p<0.01 > **: p<0.05 » * : p<0.1
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FT5.4-1 TERITALEZE VR E]

o 3t HREL Pr(z)
Count model coefficients (negbin with log link):

(Intercept) -1.776 0.222 0.000 ***
Log(is3+i7 4 &) 0.003 0.178 0.985
Log(z=#rk & /i &) 0.172 0.025 0.000 ***
Log(®E 7itrk & j &) 0.497 0.139 0.000 ***
Log(+ # rk & /i &) -0.021 0.031 0.496

A B v ) 1.064 0.420 0.011 **
P B fENp-o B g 0.231 0.166 0.164

(& & pE £ E 4p )

Pk b FARE-T 0.334 0.194 0.085 *
(EFaRrEhin)

77 R H5-5m 12 -0.165 0.119 0.165

(% 5m r27F 4pit)

A% FPRip-3 0.432 0.147 0.003 ***
(BaiEFASFR")

FAEFREA-Ep /%A 0.333 0.261 0.202
(BaiEFASFR")

2R TR 0.263 0.127 0.039 **
(#2824 % 73 p )

iEXEE] 7.495 3.030 0.013 **
For 100 m poo B LA 0.015 0.003 0.000 ***
Fer 200m p % B iikE 0.403 0.213 0.058 *
Ber 200m i I R EcE 0.053 0.019 0.005 ***
Log(h ARV REL fARE-0 P § -0.406 0.214 0.058 *
Log(i7 A &) 3 & f& &E 3 -0.733 0.284 0.010 ***
Log(f7 * &) = 48 A (73K %% -7 -0.200 0.189 0.291
Log(theta) 3.798 4.174 0.363
Zero-inflation model coefficients (binomial with logit link):

(Intercept) -3.627 1.188 0.002 ***
Log(m3+i7 4 &) -1.807 0.649 0.005 ***
Log(=# 2 /i &) 0.829 0.310 0.008 ***
Log(+ # 2 /i &) 0.487 0.184 0.008 ***

AIC : 1516.382

Log-likelihood: -734.2 on 24 Df
BirEE B2 EA M ik 0419
MAE : 0.498
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Log-linear Model
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Myt C T AMEMEIREAPEBRE

3 C-1 £{ER (log-linear model )
Estimate Std. Error  Pr(>|t|)

(Intercept) 7.239 0.201 <2e-16 ***
BER M 8.984 5.106 0.081 *
iz % e ff 0.125 5.666 0.982
2FF 15 -0.330 0.144 0.023 **
£F7 R -0.298 0.163 0.070 *
£E3 %7 -0.176 0.253 0.489
2E5+ 7 -0.007 0.241 0.977
EF 2F 0.022 0.165 0.895
274 1%% -0.610 0.224 0.007 ***

Residual standard error: 0.781 on 145 degrees of freedom
Multiple R-squared: 0.1393, Adjusted R-squared: 0.09183
F-statistic: 2.934 on 8 and 145 DF, p-value: 0.004564

= C-2 AO#£ (log-linear model )
Estimate Std. Error  Pr(>|t|)

(Intercept) 6.935 0.063 <2e-16 ***
0-17 & A v 3t G 5.238 1.836 0.005 ***
18-64 # 4 v # 0.000 0.000 0.177

AR RS E el -0.079 0.039 0.047 **

Residual standard error: 0.7848 on 150 degrees of freedom
Multiple R-squared: 0.1008, Adjusted R-squared: 0.08279
F-statistic: 5.604 on 3 and 150 DF, p-value: 0.001141

= C-3 B2’ (log-linear model )

Estimate Std. Error  Pr(>|t|)

(Intercept) 6.935 0.057 <2e-16 ***
50m = & p A #ic 0.019 0.005 0.000 ***
50m Ubike =+ #c 0.434 0.138 0.002 ***
B BITHE 2 JEYE -0.001 0.000 0.008 ***
400m P FEF #BiE A A Hie 0.018 0.008 0.029 **

200m p Ubike T 355 p R E 0.838 0.273 0.003 ***

Residual standard error: 0.7114 on 148 degrees of freedom
Multiple R-squared: 0.2711, Adjusted R-squared: 0.2465
F-statistic: 11.01 on 5 and 148 DF, p-value: 5.036e-09
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%< D-1 fh5t1T AZE(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) 0.487 0.055 <2e-16

*k*

Log(# 3+ + £) 0.150 0.090  0.095

Null deviance: 346.42 on 299 degrees of freedom
Residual deviance: 343.72 on 298 degrees of freedom
AIC: 1020

2 x log-likelihood: -1013.961

%< D-2 {&EH1T AZ(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) 0.423 0.061  0.000 ***
Log( 3 7 ~ £) 0.203 0.109 0062 *
Log(% # 2 in & 0.010 0.034  0.765
Log(% <2 ing) 0.171 0222  0.443
Log(% # 2 in & -0.202 0.194  0.298

Null deviance: 296.75 on 252 degrees of freedom
Residual deviance: 289.88 on 248 degrees of freedom
AIC: 843.09

2 X log-likelihood: -831.093

Z= D-3 {&EH1T AZE(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) -0.382 0.276 0.165
Log(m:+i7 4 &) 0.097 0.111 0.383
Log(= # & /i &) 0.001 0.035 0.973
Log(E 72 /i &) 0.557 0.243 0.022 **
Log(+ 2 jng) -0.255 0.191 0.181

B B 1.191 0.712 0.095 =*
L Bt 8.862 3.451 0.010 **

Null deviance: 315.86 on 252 degrees of freedom
Residual deviance: 290.69 on 246 degrees of freedom
AIC: 829.97

2 X log-likelihood: -813.971
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%< D-4 fhEt1T AZE(NB model)

Estimate Etr(:or Pr(>|z|)
(Intercept) -0.836  0.298 0.005 ***
Log(m3-i7 4 &) -0.101  0.120 0.400
Log(=# 2 /=& -0.017  0.034 0.622
Log(Z 2 /n &) 0576  0.249  0.020 **
Log(+ # 2 /=& -0.116  0.194 0.552
B B 2.095 0.729 0.004 ***
< Bl 7.987  3.422 0.020 **
PN AR g 0.211  0.056 0.000 ***
75 RiT 45 5m 11 i K -0.100  0.051 0.050 *

Null deviance: 339.86 on 252 degrees of freedom
Residual deviance: 296.10 on 244 degrees of freedom
AIC: 818.52

2 x log-likelihood: -798.524

%= D-5 fh&t17 AZ(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) -0.913 0.453 0.044 **
Log(m:+i7 4 &) -0.111 0.120 0.357
Log(= # & /i &) -0.029 0.038 0.447
Log(E =2 /i &) 0.594 0.254 0.020 **
Log(+ #& 2 /= & -0.124 0.195 0.525

B B 2.184 0.739 0.003 ***
< #L g 7.796 3.470 0.025 **
NI A g 0.212 0.055 0.000 ***
75 %% 5m 11 i B -0.104 0.052 0.044 **
L PEAR- 0.092 0.130 0.481

(& EAp0)

TFAERF prip-a -0.002 0.354 0.994

(F 35 4p)

Null deviance: 339.99 on 252 degrees of frOeedom
Residual deviance: 295.67 on 242 degrees of freedom
AIC: 821.99

2 x log-likelihood: -797.993
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%< D-6 fh&t1T AZE(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) -1.015 0.328 0.002 **
Log(z 37 4 ) -0.095 0.119  0.427
Log(Z #& # in§) -0.017 0.034  0.619
Log(® 72 in &) 0.582 0.248  0.019 *
Log(+ # & i &) -0.145 0.194  0.455
INERTRY 2.132 0.735  0.004 **
PR 8.002 3.444  0.020 *
NB BBk 0.213 0.055  0.000 ***
75 RTHE5m ¢ e -0.106 0.051  0.040 *
101 # 2. % & 0.084 0.220  0.704
(#2104 & 4p 1+ )

102 # 2. % & 0.320 0.197  0.105

(22 104 & 4p )

103 #2 % % 0.125 0.194  0.518

(22 104 & 4p )

105 # 2. % & 0.137 0.192  0.475

(22 104 & 4p+)

106 # 2. % & 0.282 0.187  0.132

(22 104 & 4p )

Null deviance: 344.61 on 252 degrees of freedom
Residual deviance: 296.10 on 239 degrees of freedom
AIC: 824.6

2 X log-likelihood: -794.605

7= D-7 tHREEEZI(NB model)
Estimate Std. Error  Pr(>[z|)
(Intercept) 0.434 0.061 0.000 ***
Log(= # & =& -0.001 0.034  0.986
Log(E 72 i &) 0.321 0.206  0.119
Log(+ #& & /i &) -0.301 0.186  0.107

Null deviance: 293.28 on 252 degrees of freedom
Residual deviance: 289.91 on 249 degrees of freedom
AIC: 844.53
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7= D-8 HHEAZRI(NB model)

Estimate Std. Error  Pr(>|z|)
(Intercept) 0.378 0.060 0.000 ***
Log(z # & /i & 0.085 0.038 0.026 **
Log(E =2 /&) 0.100 0.199 0.617
Log(—‘ wa g -0.033 0.192 0.862
%0 AR 8.926 2.950 0.002 ***
100m A= =3 0.015 0.003 0.000 ***

Null deviance: 320.18 on 252 degrees of freedom

Residual deviance: 287.29 on 247 degrees of freedom

AIC: 820.68

Z= D-9 HHEAZ Z(NB model)

Estimate Std. Error  Pr(>|z|)
(Intercept) 0.370 0.060 0.000 ***
Log(=# 2 /i &) 0.096 0.038  0.012 =**
Log(Z 78 /i &) 0.165 0.200  0.410
Log(+ # & /i &) -0.097 0191  0.611
PEER 8.808 2925  0.003 ***
100m p 2 & g R K 0.015 0.003  0.000 ***
ArBR 0.000 0.000 0.052 *

Null deviance: 325.76 on 252 degrees of freedom
Residual deviance: 288.43 on 246 degrees of freedom
AIC: 818.9

F< D-10 tHEAZEZI(NB model)

Estimate Std. Error  Pr(>|z|)
(Intercept) 0.362 0.060 0.000 ***
Log(=#2 /= &) 0.151 0.048 0.002 ***
Log(®E 72 /i &) 0.173 0.200 0.387
Log(+# 2 /&) -0.082 0.190 0.665
(EXEE 10.090 3.008 0.001 ***
100m p = & B2 A0 K 0.016 0.003 0.000 ***
AT 0.000 0.000 0.061 *
S0m p 38 =h xbdic 0.321 0.170 0.058 *

Null deviance: 330.64 on 252 degrees of freedom
Residual deviance: 289.20 on 245 degrees of freedom
AIC: 817.44
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Z= D-11 tHEAE2I(NB model)

Estimate Std. Error  Pr(>|z|)
(Intercept) 0.356 0.060 0.000 ***
Log(z # & /i & 0.141 0.049 0.004 ***
Log(E =2 /&) 0.210 0.199 0.292
Log(—‘ wa g -0.135 0.192 0.481
%0 AR 9.318 3.023 0.002 ***
100m A= =3 0.015 0.003 0.000 ***
Av R 0.000 0.000 0.067 *
50m p 3 #h=b i 0.369 0.172 0.032 **
100m p Ubike = #ic -0.211 0.122 0.085 *

Null deviance: 334.22 on 252 degrees of freedom

Residual deviance: 289.26 on 244 degrees of freedom

AIC: 816.44
Z= D-12 FHREAZEZI(NB model)

Estimate Std. Error  Pr(>|z|)
(Intercept) -0.433 0.267 0.105
Log(% & # 7= 8) -0.006 0.034  0.870
Log(E =2 in &) 0.646 0.219  0.003 ***
Log(+ &2 /i &) -0.303 0.183  0.097 *
L Bl 8.933 3435  0.009 ***
Ry 1.316 0.696  0.059 *

Null deviance: 316.30 on 252 degrees of freedom

Residual deviance: 291.87 on 247 degrees of freedom

AlIC: 828.75
2= D-13 tHEAZRI(NB model)

Estimate Std. Error  Pr(>|z|)
(Intercept) -0.773 0276  0.005 ***
Log(= & ing) -0.012 0.032  0.717
Log(® 2 in &) 0.574 0239  0.017 **
Log(+ # & in &) -0.065 0.194  0.739
X FL 6.759 3.460  0.051 *
B By 2.233 0.734  0.002 ***
LR RE S -0.093 0.071  0.189
B Bk 0.173 0.050  0.001 ***
7% Mg 5m 1 Bk -0.101 0.051  0.047 **

Null deviance: 339.88 on 252 degrees of freedom

Residual deviance: 295.08 on 244 degrees of freedom

AlC: 817.49
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%= D-14 tHEAERI(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) -0.764 0.443 0.084 *
Log(Z &2 n & -0.020 0.036 0.574
Log(® 7 & 7 1) 0.588 0.245  0.017 **
Log(J o g -0.073 0.195  0.709
T 6.718 3488  0.054 *
B By 2.270 0.737  0.002 **=*
R S -0.092 0.072  0.204
0 S 0.173 0.050  0.001 ***
75 %% 5m 12 b i -0.105 0.051  0.042 **
LR AR 0.070 0.130  0.591
(Zmtprt)
FALT pEip-& -0.060 0.358  0.868

(B4 4p4)

Null deviance: 339.88 on 252 degrees of freedom
Residual deviance: 294.79 on 242 degrees of freedom
AIC: 821.21

7= D-15 FHEAZZI(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) -0.957 0.310 0.002 ***
Log(=# 2 /=& -0.012 0.032 0.710
Log(® 72 /i &) 0.584 0.239 0.015 **
Log(+ # & /i &) -0.096 0.193 0.620

L B 6.834 3.476 0.049 **
- 2.267 0.738 0.002 ***
L Bk -0.092 0.070 0.192

B E Bk 0.177 0.050 0.000 ***
75 M4 5m 1t Bk -0.107 0.051 0.037 **
101 # 2 3 (47 104 & 4pvt) 0.086 0.219 0.695

102 & 2. ¥ = (& 104 & 4pt) 0.318 0.197 0.106

103 # 2 3 (7 104 & 4p ) 0.128 0.194 0.510

105 # 2. ¥ (22 104 & #p ) 0.147 0.191  0.441

106 # 2. 3 ¢ (7 104 & 4p ) 0.291 0.187 0.120

Null deviance: 344.81 on 252 degrees of freedom
Residual deviance: 295.18 on 239 degrees of freedom
AIC: 823.52
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% D-16 f&EH1T AEEMHEIZE(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) -1.119 0.436 0.010 **
Log(fz 3+ {7 + £) -0.290 0.121 0.016 **
Log(= &2 &) 0.089 0.051 0.085 *
Log(® 7 & i &) 0.635 0.236 0.007 ***
Log(+ # & /i &) -0.025 0.191 0.895

B By 3.227 0.615 0.000 ***
A S 3 0.177 0.078 0.024 **
7% iz 5m 11 Bk -0.121 0.049 0.014 **
FERG M 13.836 3.264 0.000 ***
100m p 2 & p s 0.013 0.004 0.004 **
50m P HE o ki 0.315 0.167 0.059 *
ZHEE ARG (B R 0.142 0.129 0.273
AR pEip-E (827 4pv) -0.008 0.340 0.982

Null deviance: 365.56 on 252 degrees of freedom
Residual deviance: 292.49 on 240 degrees of freedom
AIC: 802.35

& D-17 fEEHT ASETHEIZRI(NB model)

Estimate Std. Error  Pr(>|z|)

(Intercept) -1.224 0.454 0.007 ***
Log(z:+i7 4 &) -0.289 0.120 0.017 **
Log(=# & /&) 0.088 0.052 0.091 *
Log(E 72 /i &) 0.660 0.236 0.005 ***
Log(+ 2 ;n &) -0.049 0.191 0.797
- 3.258 0.612 0.000 ***
PN NS g 0.175 0.078 0.025 **
GEESSERIUERNEE S -0.131 0.050 0.008 ***
EXEE 13.852 3.262 0.000 ***
100m p 2 & B AR #K 0.013 0.004 0.003 ***
S0m p 38 b xbdic 0.302 0.166 0.070 *
R ARG (B EAR) 0.149 0.129 0.246
FAL*PFAp-E(E T 4pr) -0.029 0.339 0.932

101 # 2 ¥ (& 104 = 4p ') -0.049 0.213 0.819

102 # 2 ¥ (&2 104 & 4p ) 0.234 0.190 0.219

103 # 2 ¥ (& 104 = 4p ') 0.139 0.185 0.453

105 # 2 ¥ (&2 104 & 4p ) 0.103 0.184 0.577

106 # 2 ¥ (& 104 = 4p ') 0.233 0.179 0.193

Null deviance: 370.18 on 252 degrees of freedom
Residual deviance: 292.34 on 235 degrees of freedom
AIC: 808.67
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