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Freeway Crash Frequency Modeling with an Optimal Spatial Segmentation
Student: Pei-Ju Chung Advisor : Dr. Yu-Chiun Chiou

Institute of Traffic and Transportation
National Chiao Tung University

Abstract

To conduct an aggregate crash frequency analysis, the whole study area (e.g. a
freeway or a city network) should be segmented into several smaller areas each of
which is then treated as one sample so as to model building. Most of previous studies
tend to subjectively segment the study area without considering the spatial correlation
and similarity among segmentations, resulting into the potential estimation errors due
to correlation among samples or difficult identification of accident-prone locations.
These two problems will seriously affect the-accuracy of model parameter estimates
in practice will be dividedby sections of failing to meet these environmental factors
and difficult to apply. In this regard, this study develops. Poisson regression and
negative binomial crash.frequency models under two optimal spatial segmentations
(by genetic algorithms): one aims to minimize the autocorrelation of consecutive
segmentations and another aims to maximize the-similarity of explanatory variable
values within one segment. The proposed two models are also compared with another
two subjective segmentation ‘models: fixed length model (every one kilometer
segment is treated as a sample) and interchange segmentation model (the segment
between two consecutive interchanges is treated as a sample). A case study on Taiwan
No.1 freeway is conducted. Results show that in terms of mean absolute percentage
error (MAPE), the fixed length model performs best due to its largest sample size,
followed by the proposed two models. However, in terms of spatial correlation
coefficient, the proposed two models exhibit rather low autocorrelation but the

subjective segmentation models have much higher correlation coefficient.

Keywords: Poisson regression, negative binomial regression, crash frequency

modeling, optimal spatial segmentation.
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£ 63 UZEHAMENIEAE ©T 2 - RPT &S R

st F A AR o bR R F
Parameters Estimates t value Estimates t value
W B -0.777 -0.75 -0.768 -0.79
o B 0.055 0.49
SADT 0.308 2.71%** 0.306 2.83%**
MADT 0.131 0.09 0.204 0.15
LADT -2.486 -1.64* -2.544 -1.74%*
USlope -0.232 -2.37F** -0.239 -2.51%**
DSlope 0.219 2.07** 0.218 2.12**
Ratio 0.000 0.00 0.000 0.01
Curve -0.308 -2.00** -0.310 -2.03**
Lane -0.081 -0.27 -0.085 -0.30
TollnRest 0.336 7.01%** 0:339 8.447***
A B 398 398
3 1 E S 11 10
BIC 420.905 415.109
AIC 383.040 381.231
LL(M) -262.565 -262.565
LL(B) -180.520 -180.615
Adj-Ro’ 0.31 0.31
D a=0.01%**
a = 0.05**
a=0.1*
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64 MERFRFEES ZHRAE =T 2 - BRPE O

e FAE f = e RS R i
Parameters Estimates t value Estimates t value

¥ g -1.509 -0.77 -1.510 -1.50*
o B 0.033 0.44

SADT 0.422 3.78*** 0.420 3.87***
MADT -0.377 -0.29 -0.314 -0.26
LADT -2.145 -1.18 -2.167 -1.59*
USlope -0.052 -0.49 -0.055 -0.53
DSlope 0.310 2.67*** 0.308 2.93%**
Ratio 0.014 0.46 0.015 0.47
Curve -0.284 -1.81** -0.286 -1.83**
Lane -0.016 -0.02 -0.020 -0.07
TollnRest 0.453 5.98*** 0:453 6.47%**
A B 437 437
3 1 E S 11 10
BIC 416.677 410.659
AIC 377.877 375.940
LL(M) 27561 -275.61
LL(B) -177.939 -177.970
Adj-Ro’ 0.35 0.35
D a=0.01%**

a = 0.05**
a=0.1*
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622 FrEpIH G —Hipaite i

AT 2 HECAR PR §F VR e (8) 0
y = ap + a; X In(SADT) + a, X In(MADT) + a3 X In(LADT) + a, X In(USlope) +
as X DSlpoe + a¢ X In(Ratio) + a; X Curve + ag X Lane + ag X TollnRest (8)
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65 12122 5 HEAE T 2 HEAET SO RS

52

e FAE f = e RS R i
Parameters Estimates t value Estimates t value
¥ g -2.110 -1.57* -2.159 -1.70**
o B 0.098 2.13***
SADT 0.886 5.81%** 0.858 6.03***
MADT 0.426 1.98** 0.470 2.29**
LADT -1.250 -5.30*** -1.248 -5.67*F**
USlope -0.173 -3.40*** -0.164 -3.55%**
DSlope 0.071 1.79** 0.068 1.83**
Ratio 0.141 2.55%** 0.141 2.713***
Curve -0.264 -4.36*** -0.281 -4,92%**
Lane -0.424 -2.97*F** -0.433 -3.14%**
TollnRest 0.057 0.48 0:040 0.37
A B 746 746
3 1 E S 11 10
BIC 1584.075 1588.530
AIC 1539.928 1548.998
LL(M) -1201.898 -1201.898
LL(B) -758.964 -764.499
Adj-Ro’ 0.37 0.36
D a=0.01%**
a = 0.05**
a=0.1*
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%66 13 A AiniE SR AE BT 2 AP E GO S

54

e FAE f = e RS R i
Parameters Estimates t value Estimates t value

W B 0.807 0.44 -0.381 -0.33
o B 0.163 3.63***

SADT 0.490 2.26** 0.610 4.27F**
MADT 0.951 3.30%** 0.939 4.61***
LADT -1.599 -5.51*** -1.568 S1.72%**
USlope -0.115 -1.61* -0.103 -2.17**
DSlope -0.067 -1.20 -0.056 -1.54*
Ratio 0.239 BT b 0.233 4.70***
Curve 0.061 0.76 0.082 1.48*
Lane -0.378 -2.33*** -0.454 -3.52%**
TolInRest 0.043 1.03 0.057 2.07**
A~ dic 124 124
3 1 E S 11 10
BIC 558.379 593.996
AIC 532.176 570.613
LL(M) -516.342 -516.342
LL(B) -255.088 275.306
Adj-Ro’ 0.51 0.47
D a=0.01%**

a = 0.05**
a=0.1*
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367 N F R AAPMERLIEANE T 2 $HERAM T SO N

st F A AR o bR R F
Parameters Estimates t value Estimates t value

¥ g -12.060 -2.16** -12.381 -2.24%*
o B 0.108 0.80

SADT 1.627 2.92%** 1.658 3.01%**
MADT -0.461 -0.66 -0.495 -0.71
LADT -0.485 -0.67 -0.457 -0.65
USlope -0.407 -2.66%** -0.421 -2.82%**
DSlope 0.110 0.81 0.106 0.81
Ratio 0.187 1.14 0.183 1.15
Curve -0.278 -1.51%* -0.272 -1.50*
Lane 0.109 0.28 0.137 0.35
TollnRest 0.370 6.60*** 0377 8.67***
A B 398 398
3 1 E S 11 10
BIC 357.111 351.813
AIC 319.247 317.935
LL(M) -262.565 -262.565
LL(B) -148.623 -148.967
Adj-Ro’ 0.43 0.43
D a=0.01%**

a = 0.05**
a=0.1*
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%68 MEERTEES SHRAE T 2 HEAP T N

e FAE f = e RS R i
Parameters Estimates t value Estimates t value

¥ g -13.283 -2.28** -13.749 -2.38***
o B 0.103 0.73

SADT 1.619 3.01%** 1.637 3.10%**
MADT -0.433 -0.64 -0.446 -0.67
LADT -0.568 -0.79 -0.531 -0.78
USlope -0.326 -1.93** -0.333 -1.99**
DSlope 0.185 1.38* 0.185 1.42*
Ratio 0.297 1.86** 0.295 1.92**
Curve -0.343 -1.90** -0.345 -1.95%*
Lane 0.496 1.24 0.536 1.39*
TollnRest 0.532 6.23*** 0:535 1.41%**
A B 437 437
3 1 E S 11 10
BIC 351.879 346.433
AIC 313.079 311.714
LL(M) -275.61 -275.61
LL(B) -145.540 -145.857
Adj-Ro’ 0.47 0.47
D a=0.01%**

a = 0.05**
a=0.1*

58




6.3 ¥ FoHE =% 5N 2 FEIR A

M- RS RO 2 RS N R R R T A L R
BAPRNT AN U 2 REBES L Ld AT ERE e A7
B LA R N g R A e A RN BRI A - A
TR B oond o bdes 12T SRS RMT T RE D i R
Nzt i,}\x\}«ﬁrﬁg_—\mﬁiég;%;”zﬁ EREE AR PN A BE S T AP - 1 P
BT vrﬂi—‘k Z AP B ST 2 R G A TRRE 0 v Adj- -Ro? ¥
ARG - B R RGBSR T 2 AR ik o

EREATEN S W PN AN A %ﬁ”ywwu4¢—ﬁwﬁﬁhﬁ
Ry RFZFREARS ML EBAH > AP THERELTRE 2 16 BE M

T T = iRl A dem o it it e n T2 o iV E
ERFHRE ’ﬁ?‘%i#%ﬁ‘ﬂ?ﬁ?ﬂ}iiﬁ* R H AR 4 ARR > Y

PoirgR T i i E A %4 — MAPE(mean absolute percentage error, MAPE) i® &
FEAE RN 4 2 dpdk I MAPE 48] & &R 0N 2 TR i 4 AR

6.3.1 - &AmPHSN

aBlw fBEE S B DG T - A BN N e R R AR
RGBT BRATRFSHBIRATHS PR TAE L G 2

BREFETHE L5 z%&z%%ﬁ%LB%—&ﬁﬁﬁﬁ’Aw&%ﬁﬁi
BT \“ﬁﬁ#ﬁ%‘ RLEsERlis 2 28 % > & 1% MAPE &7 #
\7 i‘:{| :@:—3F/P o

1. BREAYSA:1
(1) f = FieFHcs
4122 5 -RETZHASRAT oL - B e F R O
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l-l—g;:vb ;%

93 » FEE L HP LW

Bs 14 32 8¢

2690128 LHEAE T - AP f - i SRR A
R | R R
Z ¥k | =t #k | SADT | MADT | LADT | USlope | DSlope | Ratio | Curve | Lane | TollnRest
A1 | 69| 55|24037| 2452| 3453 49| -227| 500| 350 2 0
A2 | 122| 10| 17654 | 1850| 2820 0.35 -1.6| 800 | 400 2 0
A3 | 93| 14| 25134| 2573| 2664 1.6 -356| 400| 350 2 0
A4 | 93 3| 25134 | 2573 | 2664 1.6| -356| 400| 350 2 0
%45 | 93 8| 25134 | 2573 | 2664 1.6| -356| 400| 350 2 0
MAPE | 7.77
(@ T PFEs
d122 5 - BATZRARAIT 0 TR R O S
o PF o 205 2 MAPE % 7.79 4w 6-10 #7578 » MR A S T 19 2R ST
AT S TR AP Pl 69 50 P A 2 it gl 55
IR 2R R A ERET R RAE SO SRR o R st 124 %
P Fhrlki 02 HAZPB HAZTAZ BAZH 52 R T &
HHcE L 95 P kA A B 4% 3 428 1% o
#6-10m 128 S RAERT2 - B — 3w i SERle % £
R | R B [ESLE & S e
= ¥ | =¥ | SADT | MADT | LADT | USlope | DSlope | Ratio | Curve | Lane | TollnRest
A1 | 69| b55|24037| 2452| 3453 49| -227| 500| 350 2 0
A2 | 124 10| 17654 | 1850 | 2820 0.35 -1.6| 800 | 400 2 0
A3 | 95| 14| 25134 | 2573| 2664 1.6| -356| 400| 350 2 0
#x4 | 95 3| 25134 | 2573 | 2664 1.6 -356| 400| 350 2 0
#x5 | 95 8| 25134 | 2573 | 2664 1.6 -356| 400| 350 2 0
MAPE | 7.79
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BREALIN A3 g
(1) f = FiwpFas

d 33 i G- B

BET2ZH S RRAT o - B

W pF e T RO R
R N2 MAPE 5 36640 4ok 6-11 T M A L F SRR
BT AT ST T RIPE - SR ) 463 0 @
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X EE T3
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2 6-11d B i pRAE T2 - MM - B ERG RIS R A
R R R e By
¥k | =t #k | SADT | MADT.| LADT |;USlope | DSlope | Ratio | Curve | Lane | TollnRest
#A& 1 | 46.3| 55| 24037 | 2452/| 3453 4901 - -2.27L. 500| 350 2 0
A2 | 539| 10| 17654 | 1850 | 2820 0:35 1.6 | 800 | 400 2 0
#A3 | 535 | 45| 25134 | 2573| 2664 1.60 | -3.56 |~ 400| 350 2 0
A4 | 659 26| 29324 | 2932| 13875 0.50 |~ -0.89.| 1500 | 1000 2 3
A5 | 667 19| 31366 | 3055 3674 0.20 0| 850| 450 2 0
MAPE | 36.64
(2) I

ERG I B
S N 2 MAPE 3 36.36 -
PR AT S IERIPE 0 R k2l 438 0 A P

&;é'_ﬁ)t'r_i%lj,év\}g( EIIJ'L‘ y 1) b

TP S 7 O

4ed 612 507 0 AR 1R A
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F6-12 A A i R AE T2 - HAP - I P FRGS IR

R FE B

= ¥ | =¥ | SADT | MADT | LADT | USlope | DSlope | Ratio | Curve | Lane | TollnRest
¥~ 1 | 43.8| 55| 24037 | 2452 | 3453 490| -227| 500| 350 2 0
¥~ 2 | 55.8| 10| 17654 | 1850 | 2820 0.35 -1.6| 800 | 400 2 0
A~ 3 | 547 | 45| 25134 | 2573| 2664 1.60| -356| 400| 350 2 0
A4 | 679 26| 29324 | 2932| 3875 050 | -0.89| 1500 | 1000 2 3
# 45 | 685| 19| 31366 | 3055| 3674 0.20 0| 850| 450 2 0
MAPE | 36.36
3. BEAHILIZFpAME]
(1) = Fmepas
dZ AR ] 5 - BET RS RAT o T RO R TR
TN R BT 2 MAPE 5 17.53 ¢ 4e# 6137 0 MR AR 1 F
R R ET R RE AR TR e P s 635 A FEF L TR
i 651 MR AT 2 AR R ALAE S IR R R ik
L128% g Ttk VP EAZFINRAZFAZHAZRHS
2 AERE ey 5 128 M E Bl B 53 822 3o
26-13 5 A AAM ) SARAE =T 2 - BARES P - i RN A
TR | TR IENL S
= ¥ | =¥ | SADT | MADT | LADT | USlope | DSlope | Ratio | Curve | Lane | TollnRest
#4~1 | 63| 65]|24037| 2452| 3453 490| -227| 500| 350 2 0
A2 | 128| 14| 25134 | 2573| 2664 1.60| -356| 400| 350 2 0
®A~3 | 128 3| 25134 | 2573 | 2664 1.60| -356| 400| 350 2 0
A4 | 128 8| 25134 | 2573 | 2664 1.60| -356| 400| 350 2 0
#A5 | 128 3| 25134 | 2573 | 2664 1.60| -356| 400| 350 2 0
MAPE | 17.53
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dZRFpARM L 5 - BET RS RAT R i R R TR
TR G SN2 MAPE 5 1737 ¢ 40 6-14 %71 » N2 B 1§ %2
FER BT A R E TR R E P 6l o RS A
o5 65 2 kAL T 2R R EE R HT R AT ORI TR
2128 FEFF T itlk: U2 HATHEI - HKRATHA4ZHEATRES

ZApR ity 2 12812 s kN s u 5 32 812 32

261400 A AR ] S A T2 - A — X AR E A

TRl | B PR ET A

=t #c | =t # | SADT | MADT | LADT | USlope | DSlope | Ratio | Curve | Lane | TollnRest
A1 | 61| 6524037 | 2452| 3453 490| -227| 500| 350 2 0
A2 | 128| 14| 25134 | 2573/« 2664 160 ~-356| 400| 350 2 0
A3 | 128 3| 25134 | 2573 | . 2664 1.60 | -356| 400| 350 2 0
A4 | 128 8| 25134 | 2573 | 2664 1.60 |~ -356] 400 | 350 2 0
A5 | 128 3| 25134 | 2573 | 2664 1.60 | -356+4: 400| 350 2 0
MAPE | 17.37
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26-15 R b s RAE T2 - MM —f - g ERsE A

R RS IESEE & SN
= ¥ | = % | SADT | MADT | LADT | USlope | DSlope | Ratio | Curve | Lane | TollnRest
A1 | 90| 5524037 | 2452 3453 490| -227| 500| 350 2 0
A2 | 124| 10| 17654 | 1850 | 2820 035| -1.60| 800 | 400 2 0
#43 | 88| 17| 25134| 2573| 2664 160| -356| 400| 350 2 0
A4 | 88 8| 25134 | 2573 | 2664 160| -356| 400| 350 2 0
#A5 | 88 3| 25134 | 2573 | 2664 1.60| -356| 400| 350 2 0
MAPE | 14.50
2 ‘AP
d RS E - BETRGIARAT o R P R T
SRR PE o 2 MAPE S 1446 ¢ 40 3.6-16.777 > B AT 19 S
PRI ECT R AT S RIRI P IE R E e Bk 88 % A PSS Tk
i 5512 5 kA E 27 EER SRR T AT S KRR R T it i
1123z s et iki 02 s BAZT 3 - HAZF 42 HAZF5
2RI F gy 5 88 R FRF KB HP AL 1T 82 3.
#6-16 MR s S RAT =72 - HMES T P R RIS R A
R R ESL S SN
=t #c | =t # | SADT | MADT | LADT | USlope | DSlope | Ratio | Curve | Lane | TollnRest
#4&1 | 88| 55|24037| 2452 3453 490 | -227| 500| 350 2 0
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