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ABSTRACT

PURPOSES : The purpose of this study was to develop safety performance functions (SPFs) that use zero-inflated negative binomial
regression models for urban intersections in central business districts (CBDs), and to compare the statistical significance of developed models
against that of regular negative binomial regression models.

METHODS : To develop and analyze the SPFs of intersections in CBDs, data acquisition was conducted for dependent and independent
variables in areas of study. We analyzed the SPFs using zero-inflated negative binomial regression model as well as regular negative binomial
regression model. We then compared the results by analyzing the statistical significance of the models.

RESULTS : SPFs were estimated for all accidents and injury accidents at intersections in CBDs in terms of variables such as AADT,
Number of Lanes at Major Roads, Median Barriers, Right Turn with an Exclusive Turn Lane, Turning Guideline, and Front Signal. We also
estimated the log-likelihood at convergence and the likelihood ratio of SPFs for comparing the zero-inflated model with the regular
model. In he SPFs, estimated log-likelihood at convergence and the likelihood ratio of the zero-inflated model were at -836.736, 0.193
and -836.415, 0.195. Also estimated the log-likelihood at convergence and likelihood ratio of the regular model were at -843.547, 0.187
and -842.631, 0.189, respectively. These figures demonstrate that zero-inflated negative binomial regression models can better explain
traffic accidents at intersections in CBDs.

CONCLUSIONS : SPFs that use a zero-inflated negative binomial regression model demonstrate better statistical significance compared
with those that use a regular negative binomial regression model.
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Table 1. Descriptive Statistics of Variables
Variables Description Mean Stangrd Minimum Maximum
deviation
Number of total accidents
TOTAL (/Intersection/Year) 15.863 9.734 0 52
FATAL Number of fat_al accidents 0234 0478 0 >
(/Intersection/Year)
A Number of serious_ injury accidents 5038 3508 0 19
(/Intersection/Year)
B Number of slight _injury accidents 10.391 7084 0 40
(/Intersection/Year)
IAB Number of all iqjury accidents 15.629 9.690 0 52
(/Intersection/Year)
AADT Annual average daily traffic 87767.800 | 25503.500 39790 148443
(/Intersection/Year)
LAADT Ln(AADT) 11.339 0.301 10.591 11.908
MAADT Major road AADT 57996.300 18393.500 25341 103061
SAADT Minor road AADT 29771.500 14931.200 7958 61239
CD Intersections with countdown timer 0.613 0.488 0 1
SPLMT Speed limits at major road 64.516 7.567 50 80
ISLAND Traffic island in intersection 0.484 0.501 0 1
NLANE Number of lanes at major road 4.839 1.112 3 7
BAR Median barrier 0.581 0.494 0 1
PED Number of pedestrian signal 3.387 1.290 0 5
LP Left turn with an exclusive turn lane 0.710 0.455 0 1
RP Right turn with an exclusive turn lane 0.613 0.488 0 1
GL Turning guideline 0.968 0.177 0 1
FS Front signal 0.516 0.501 0 1
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Table 2. Results of Multicollinearity Test

Total accidents
Variables Collinearity statistics
Tolerance VIF

LAADT 0.244 4104
CD 0.723 1.384
SPLMT 0.249 4.010
ISLAND 0.644 1.554
NLANE 0.325 3.073
BAR 0.457 2.189
PED 0.696 1.436
LP 0.244 4.096
RP 0.443 2.257
GL 0.586 1.706
FS 0.677 1.478
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Table 3. Model Estimation Results of Total Accidents at Intersections in CBD Area

Variables Negative binomial Zero—inflated negative binomial
. Standard | t-statistics | Average . Standard | t-statistics | Average
Coefficients marginal | Coefficients marginal
error | (P-value) | giiscts error (P-value) offects
_ -3.584 _ B -4.027 B
Constant 6.193 1.728 (0.000) 6.101 1.515 (0.000)
4.391 5.071
Ln(AADT) 0.672 0.153 (0.000) 10.723 0.684 0.135 (0.000) 11.137
—2.400 _ _ —2.791 _
NLANE 0.112 0.047 (0.016) 1.793 0.122 0.044 (0.005) 1.980
4.854 5.033
BAR 0.503 0.104 (0.000) 8.026 0.457 0.091 (0.000) 7.450
-5.678 B _ —5.405 _
RP 0.493 0.087 (0.000) 7.863 0.441 0.817 (0.000) 7.191
5136 4.666
GL 1.968 0.383 (0.000) 31.409 1.812 0.388 (0.000) 29.511
-2.574 _ B -3.128 _
FS 0.195 0.076 (0.010) 3.104 0.219 0.070 (0.002) 3.564
Number_ of 248
observations
Dispersion parameter 0.206 0.171
(t-Statistics/P-Value) (8.123/0.000) (6.442/0.000)
AIC 6.867
BIC 6.981
Log-likelihood with ~1037.250 ~1037.250
constant only
Log-ikelihood at 843,547 -836.736
convergence
p? 0.187 0.193
Vuong test - 2.390

- disH x4z 89



A CBD W AN WA 5 T AR
Aol gt BEALE (P e eid S0l 5
AEER)S EAEH, 6719 W47h asAkaL wAgnl
Lol JEFE vH AR B THt-statistics >1.96
7} P-value<0.050). AEFHLAADT)S AL A4
(coefficient)7} 0.6842 W -ETFo| S71er= E_—Eg/\}ﬂ
MARNIETL ol ACR Uehteh LEF] FAE
= 11,1372 wEFo| 19 571 wjuict wEAILE
Bt 1L137THE S71eke ASR YeTh ol %_HJ
0|3} F|FnFo R AAE WEATR YA WESFO
aA| el 10,7237 wl kel Gurele mefst Lol
ARG o] wEwkol o WSt AL = ek

E3F AF25(NLANE), $3]AHEAZRP), 181
PSS FS) 9] A= 42 -0.122, -0.441, -0.219
2 e ARG} gaes, SAINEHG 99
ABFo| HARHE WEATIANETL Fol=

(e}
o BAE QT 7 Wao] AL 2

J_

151:,_1—/\(1)-] =)=

>1

r>~l

AR ARATE 2H7F 1,980, ~7.191, ~3.5648
Ueh 311482k =7} AupAl S

S AR A E %oﬂ o 2 9 vl
A Ao ek,

ZorH A (BAR)S A2 A (GL) AR]e A
27 242F 0.4577)F 1.8198 AFAE 0] nEALLL
o] 2AA Q] JeFS u|x|i= Ao Z eI} o]
Ao A w3l wWARE WEALIHAYHIE HA -]J—q_#
o Astolch, AW, APEUT MAAF Yol
2ol w3l W2 EA[A Y CBDY ¢, A4l
A2 93] A 2o ETgE B3z} o3
3}7] Hoﬂ A€ o]-xi/\]ﬂolxl\j} olajst &
& AEFoeR QT

]-/%l H

¢

r I

-

L r

i ox i
o

N

o H1 Kl
N

julad

Table 4. Model Estimation Results of Injury Accidents at Intersections in CBD Area

Variables Negative binomial Zero-inflated negative binomial
. Standard | t-statistics | Average . Standard | t-statistics | Average
Coefficients marginal | Coefficients marginal
error | (P-value) | giiscts error (P-value) effects
—-3.593 _ _ —-4.038 _
Constant 6.319 1.759 (0.000) 6.218 1.540 (0.000)
4,388 5.064
Ln(AADT) 0.683 0.156 (0.000) 10.730 0.693 0.137 (0.000) 11.127
—2.280 _ _ —2.654 _
NLANE -0.018 0.047 (0.023) 1.691 0.116 0.044 (0.008) 1.868
4,725 4,915
BAR 0.500 0.106 (0.000) 7.866 0.456 0.093 (0.000) 7.313
-5.551 B _ —5.283 _
RP 0.492 0.089 (0.000) 7.735 0.442 0.084 (0.000) 7.095
5.014 4573
GL 1.944 0.388 (0.000) 30.557 1.787 0.391 (0.000) 28.689
-2.717 _ _ -3.260 B
FS 0.209 0.077 (0.007) 3.279 0.232 0.07M (0.001) 3.718
Number‘ of 248
observations
Dispersion parameter 0.214 0.177
(t-Statistics/P-Value) (8.099/0.000) (6.499/0.000)
AIC 6.860
BIC 6.973
Log—likelihood with ~1039.589 ~1039.589
constant only
Log-likelihood at —842 631 ~836.415
convergence
p? 0.189 0.195
Vuong test - 2.339
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