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Identification and ranking of accident black spots using

advanced empirical Bayes method
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(1. School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China; 2. School of Civil Engineering,
Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China)

Abstract: To accurately and effectively identify and rank traffic accident black spots, an accident-
data-based and an accident-prediction-model-based advanced empirical Bayes method was
proposed. In addition, the practicability of the identification methods has been optimized.
Furthermore, risk of accident involvement and safety benefits of treatment, two ranking criteria
of black spots were suggested. Accident data for signalized intersections in two cities were
collected. The accident-data-based advanced empirical Bayes method was used to identify total
accident black spots and fatal and injury accident black spots in city A. The total number of
accident black spots identified in city A were subsequently ranked according to the risk of accident

involvement. Concurrently, black spots in city B were identified by the accident-prediction-model-
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based advanced empirical Bayes method, and were ranked according to risk of accident
involvement and safety benefits of treatment two criteria. The results show that 24 total accident
black spots and 18 fatal and injury accident black spots were identified in city A at 95%
confidence level, while 15 black spots were identified in city B at 99% confidence level. The
advanced empirical Bayes method is superior to the rate quality control and accident rate methods
regarding accuracy, the ability to eliminate the impact of random fluctuation and the regression-
to-the-mean effect of accident frequency. The ranking criterion of the safety benefits of treatment
favors the locations that are more cost-effective to treat, while the ranking criterion of the risk of
accident involvement favors the locations with higher deviation from the expected values. 7 tabs,
4 figs, 35 refs.
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Tab. 1 Traffic and collision data (city A)
X | HACHE/| 3ESHRE | SEMT | XD |HRHEE/| 3EFEN | M | XD AR/ | 3SR | 3EMGT
FE5 |(vehed D HE E IS F5 |(vehed D]  BE E & FE |(vehed™ D] E¥ LN
1 32 332 49 19 31 17 301 34 14 61 30 037 77 35
2 21 818 7 2 32 37 315 37 13 62 9 146 23 9
3 15 235 12 5 33 29 158 25 9 63 28 388 3 1
4 17 761 1 0 34 21 021 1 0 64 27 354 59 24
5 6 946 5 1 35 14 794 14 5 65 15022 18 7
6 35 270 10 4 36 47 983 1 0 66 4643 1 0
7 33 802 1 0 37 17 326 25 11 67 34 264 14 6
8 4909 3 1 38 32 419 34 13 68 43 250 27 11
9 21 107 10 3 39 32 105 7 2 69 5 302 1 0
10 32 660 11 4 40 21 373 15 5 70 31 036 27 11
11 23 614 16 7 41 28 189 4 1 71 44 518 68 30
12 20 834 16 5 42 10 041 5 2 72 28 201 31 14
13 42 693 34 13 43 33 551 2 0 73 7076 10 3
14 49 820 8 3 44 34 382 2 0 74 30 108 38 13
15 20 344 22 8 45 16 099 4 1 75 20 424 39 13
16 26 775 22 7 46 28 467 40 15 76 34 908 1 0
17 20 220 6 2 47 25 755 32 11 77 16 393 29 12
18 31 662 31 13 48 40 378 35 14 78 45 253 40 18
19 32 286 7 2 49 17 767 43 19 79 17 959 41 19
20 5927 1 0 50 28 760 3 1 80 25 494 16 6
21 40 035 15 6 51 14 895 5 2 81 48 443 38 15
22 17 764 23 10 52 22 022 21 7 82 45 818 2 0
23 44 015 27 9 53 24 331 38 13 83 39 535 62 24
24 32 668 29 11 54 26 991 8 3 84 32 577 100 35
25 45 562 1 0 55 44 211 14 6 85 34 310 19 8
26 49 650 1 0 56 13 792 3 1 86 36 604 11 4
27 31 413 25 10 57 36 189 17 5 87 21 027 8 2
28 11 058 5 1 58 20 311 6 2 88 26 271 52 23
29 32 162 4 1 59 49 423 51 18 89 42 113 53 19
30 45 843 20 7 60 19 964 1 0
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Tab.2 Traffic and collision data (city B)
ZX i}fg% i}ﬁ% Sl || X LI ij\ﬁi% g (X n ifﬁ% ii\]ﬁ% Y
- 223/ ik A/ | A/ L/ | A/
Fr 5 PER 3 =2 B A=) PR
(vehed ) |(veh+d™ ") (veh«d 1) [(veh+d™ 1) (vehed ) [(veh+sd™ )
1 19 406 2116 11 26 9 508 5 254 19 51 12 860 8 767 6
2 8 569 6 906 6 27 17 932 11 489 9 52 16 341 11 943 8
3 26 323 4 605 16 28 21 734 4075 8 53 26 456 9 424 39
4 24 711 22 086 44 29 28 519 2 140 5 54 9 243 2 411 5
5 28 285 1171 4 30 15 840 6 236 5 55 15 737 9 419 20
6 32 679 10 596 5 31 19 920 11 229 27 56 11 930 4014 9
7 18 693 10 682 19 32 27 622 2 475 9 57 11 415 6 303 3
8 16 394 7973 27 33 25 326 13 864 21 58 36 107 14 142 41
9 21 244 11 547 16 34 43 238 7689 16 59 16 956 8 082 11
10 29 716 12 868 25 35 29 894 14 546 10 60 21 586 7 645 20
11 14 734 11 650 25 36 22 815 1513 7 61 28 204 10 135 15
12 14 154 1615 17 37 22 843 21 450 9 62 39 052 13 300 22
13 25778 5165 9 38 26 109 3 884 5 63 13 175 4526 9
14 28 800 7012 3 39 26 842 3 956 9 64 24 366 9 092 18
15 12 356 1594 ) 40 13 920 10 157 16 65 13 410 2117 3
16 33 795 9 382 16 41 27 020 2 360 14 66 28 341 12 419 42
17 28 963 12 632 35 42 17 137 5 894 5 67 25779 13 485 4
18 28 001 3239 8 43 14 999 5 788 3 68 16 405 11 963 7
19 15 917 2418 8 44 15 678 6 690 5 69 17 206 17 007 20
20 18 801 14 187 29 45 12 794 9 095 9 70 36 305 23 437 25
21 44 853 899 22 46 23 725 20 678 16 71 25 597 8 299 7
22 24 070 13 825 10 47 16 232 13 717 22 72 27 371 4 158 6
23 12 437 10 918 23 48 30 138 5 899 11 73 12 356 7 891 9
24 28 487 8 746 33 49 12 670 3570 2 74 28 490 13776 25
25 30 654 24 725 25 50 15 869 11 976 3 75 14 678 11 942 30
x3 WHAHESIT
Tab.3 Data statistics of city A
it R bR
B — — A —
R/ME R KA Ef ] P ifl 22
M H AR/ (veh e d7 1) 4643 49 820 27 842. 38 11 887.56
3 AR OB R 1 100 20. 87 19. 64
3 AR TR 0 35 7.97 8.02
F4 WHBHEESIT
Tab. 4 Data statistics of city B
geitde i
B - - —
fR/ME RMH Ef N bt 2
A X IE PG — AW/ (veh o d7 1) 8 569 44 853 22 073.470 8 152.712
LXIE R 3/ (veh « d71) 899 24 725 8 971.707 5 453.492
AE T AR 2 44 15. 000 10. 000
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Tab.5 Computation process of black spots identification in city A

L i S¥a | B8 | PG Xe NV | s SW o | B8 | PG Xe| N2 VD)
Fe o |GE - BHEAR D Fe |GE - BHEARD
1 1. 38 50. 31 37.22 % 0.999 991 0 46 1.28 41. 31 32.98 % 0.999 745 0
2 0.29 8. 31 25.70 0.004 987 2 47 1.13 33.31 30.01 % 0.994 176 4
3 0.72 13.31 18.49 0.536 012 7 48 0.79 36.31 46.03 0.782 542 5
4 0.05 2.31 21.26 0.000 014 9 49 2.21 44. 31 21.27 Y 1. 000 000 O
5 0. 66 6.31 9.42 0.426 248 0 50 0.10 4,31 33. 30 0. 000 000 5
6 0.26 11.31 40. 43 0.000 145 2 51 0.31 6.31 18.12 0.020 843 5
7 0.03 2.31 38. 83 0. 000 000 O 52 0.87 22.31 25.93 0.834 057 6
8 0.56 4,31 7.19 0.330 164 6 53 1.43 39. 31 28. 46 % 0.999 949 4
9 0.43 11. 31 24.92 0.057 199 6 54 0.27 9. 31 31.37 0.001 107 1
10 0.31 12.31 37.58 0.001 209 1 55 0.29 15. 31 50. 22 0.000 094 4
11 0.62 17. 31 27.67 0.323 2525 56 0. 20 4,31 16.91 0.004 688 2
12 0.70 17. 31 24.63 0.512 246 0 57 0.43 18. 31 41. 44 0.018 131 0
13 0.73 35.31 48.56 0.617 988 4 58 0.27 7.31 24. 05 0.004 020 7
14 0.15 9.31 56. 37 0. 000 000 O 59 0.94 52.31 55.93 % 0.982 139 4
15 0.99 23.31 24.09 0.934 529 3 60 0.05 2.31 23.67 0.000 003 3
16 0.75 23.31 31.13 0.639 978 6 61 2.34 78.31 34.70 Y 1. 000 000 O
17 0.27 7.31 23.95 0.004 201 7 62 2. 30 24.31 11.83 % 0.999 996 8
18 0. 89 32.31 36. 48 0.910 744 8 63 0.10 4,31 32.90 0. 000 000 6
19 0. 20 8. 31 37.17 0.000 024 6 64 1.97 60. 31 31.77 Y 1. 000 000 O
20 0.15 2.31 8. 30 0.035 169 6 65 1.09 19. 31 18. 26 % 0.955 865 0
21 0. 34 16. 31 45. 65 0.001 261 9 66 0. 20 2.31 6. 90 0.075 187 4
22 1.18 24. 31 21.26 % 0.988 117 4 67 0.37 15. 31 39. 33 0.005 914 3
23 0. 56 28.31 50.01 0.134 804 6 68 0.57 28.31 49,17 0.156 609 6
24 0.81 30. 31 37.58 0.793 460 4 69 0.17 2.31 7.62 0.051 105 3
25 0.02 2.31 51.70 0. 000 000 O 70 0.79 28.31 35. 80 0.754 3017
26 0.02 2.31 56.18 0. 000 000 O 71 1. 39 69. 31 50. 56 % 0.999 999 9
27 0.73 26.31 36.21 0.594 425 3 72 1. 00 32.31 32.69 % 0.971 818 6
28 0.41 6.31 13.92 0.107 684 1 73 1.29 11.31 9.56 0.943 409 0
29 0.11 5.31 37.03 0. 000 000 3 74 1.15 39. 31 34.78 % 0.997 799 7
30 0. 40 21. 31 52.01 0.003 930 5 75 1.74 40. 31 24.18 % 0.999 999 4
31 1.79 35.31 20.76 % 0.999 998 3 76 0.03 2.31 40. 04 0. 000 000 O
32 0.91 38. 31 42.67 0.939 710 9 77 1.62 30. 31 19.76 % 0.999 941 8
33 0.78 26. 31 33.74 0.722 286 0 78 0. 81 41. 31 51. 36 0.830 925 1
34 0.04 2.31 24. 83 0.000 001 6 79 2.08 42. 31 21.48 Y 1. 000 000 O
35 0. 86 15. 31 18.01 0.767 9250 80 0.57 17. 31 29.73 0.220 763 7
36 0.02 2.31 54. 35 0. 000 000 O 81 0.72 39. 31 54. 86 0.592 083 0
37 1.32 26. 31 20.78 % 0.997 397 5 82 0.04 3.31 51.98 0.000 000 O
38 0. 96 35.31 37.31 % 0.961 635 2 83 1.43 63.31 45.10 % 0.999 999 8
39 0. 20 8. 31 36.97 0.000 027 1 84 2. 80 101. 31 37.48 Y 1.000 000 0
40 0. 64 16. 31 25.22 0.377 498 7 85 0.51 20. 31 39. 38 0.079 245 9
41 0.13 5.31 32.68 0. 000 004 0 86 0.27 12. 31 41. 89 0.000 201 8
42 0.45 6.31 12.81 0.158 147 5 87 0. 35 9.31 24. 84 0.016 007 0
43 0.05 3.31 38.55 0. 000 000 O 88 1. 81 53.31 30. 58 Y 1. 000 000 O
44 0. 05 3.31 39. 46 0. 000 000 O 89 1.15 54.31 47.93 % 0.999 639 9
45 0.23 5.31 19. 44 0.004 283 3

VAR R ) 2 E a=1. 311 858=1.812 7;2=0.723 735" =0. 399 2;V* =22, 365 5; X =0. 684 4,
WA . 550, Dot e 56 DUk 51 36 5 o et 4 HORTEFBOR LSRN IILR] T 3 4>, Bk
il 2 9 FHT 10 A2 A 2 Y R R 5 A A ] {H ik 28 8 5 56 0 ik iR 2 EH 2 0 ~2, P32
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Fig. 1 Advanced empirical Bayes identification of accident black
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spots (based on total accidents, city A)
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Fig. 2 Advanced empirical Bayes identification of accident black

spots (based on fatal and injury accidents, city A)
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Fig. 3 Comparisons of advanced empirical Bayes method and

rate quality control method
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Fig. 4 Critical curves based on accident prediction model and
results of black spot identification
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Tab. 6 Comparisons of ranking of black spots (city A)

A HEB 7| RQC # | AR #E)¥ | EB 5 RQC EB 5 AR
FT | el | PE EES HEF 22 MH HEP 22 H
61 1 1 1 0 0
84 2 2 6 0 4
64 3 4 4 1 1
49 4 3 7 1 3
88 5 6 2 1 3
79 6 7 3 1 3
71 7 5 9 2 2
83 8 8 21 0 13
75 9 9 14 0 5
31 10 10 15 0 5
62 11 11 17 0 6
1 12 15 11 3 1
53 13 12 19 1 6
77 14 13 24 1 10
46 15 14 20 1 5
89 16 18 13 2 3
74 17 21 12 4 5
37 18 26 5 8 13
47 19 17 26 2 7
22 20 22 16 2 4

:EB A kA4 2 % N ot M ks RQC 4 R & 42 4 35 AR 4 F 3
Wik 5 PR ik 0 22 B E T A 2 58 DL Jr vk
AT 2 A0 AR B CRI X S SRR AE 5 Bk
A D SRR TR AT R U T 5 A 3% X
2% 7 D RO — AT R . R
(92 - T SOk AR 1 BT O 3l 1 A s el R B
GERAFAE S UM s 2 080 0 125 66 i B e i
M w3 BRSO3 A R AL S T DIE A 22 56 DL i 3 9 mT O B
W BIL 382 3 2t v (] U3 B 14 52 0 5 RE 65 15 1) 58
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Tab.7 Comparisons of ranking of black spots (city B)
S Eo—| g, | #rpom | PR g
s [P P Ean |EO o] (Ey | mazm

(Ev)
53 15.67|30. 86(15.19] 1. 97 3 1 2
66 18.30|34. 54|16. 24| 1. 89 2 2 0
75 11.98|22.57|10. 59| 1. 88 9 3 6
12 5.18] 9.69| 4.51]1.87 18 4 14

8 10. 88(19. 98| 9.10]| 1. 84 11 5 6
26 6.55(12.01| 5.45]1.83 17 6 11
21 8.34(15. 14| 6.81|1.82 16 7 9

4 |21.26|37.56(16.30| 1. 77 1 8 7
24 15.91|27.10|11. 18| 1. 70 8 9 1
23 10.42(17. 39| 6.96| 1. 67 15 10 5
11 11.89(19.57| 7.68| 1. 65 14 11 3
58 122.42|35.94]13.52| 1. 60 4 12 8
17 18.68(29.94|11. 26| 1. 60 7 13 6
20 14.98|23. 96| 8.98|1.60 12 14 2
31 14.12|22. 19| 8.08| 1.57 13 15 2

HIZE 7 AT - 2 Bl b 0 HE P 4 R 22 S BOK L HiE
JP2ZHEA T 0~14 Z 0], 32250 5.5, 70 #r )™ 4k
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V5 b DU 1) 7 30 55 = 00 B2 1l 25 2K 10
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Y114 S8 TR 5 3k 46 6 R 1 T B A Sl R AR 1R
BT S SR E 2 S O TR £ R AT R R
X 2 FhJ7 AR B AR B BT AL GE 5 ik AT R
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b5 i Y43 AT Ao T 2 T Y R U T A B
A B Y L TS

(21 2 P B R J7 3 Y R At b F i T R
HEF A9 T7 A HE R AR AR 2 N SRR A fE B
FEJE 22 iy AT 42 T 23 (8] J5 142 1A A B HE P
fitx .

O 2 B sl PUR 7 35 23 900 % 2 A Il i
fr o2 S AT 1 R SR 3 23 A A )
HERP SR AR XE 2 AT i Sl R AT TR 4
RUAIOT T 5Tk .

CAOZ SCAUAR F = SR B S T Rk A7 1
SRR ARUR T XS S 3R B G 2205 A AR S
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