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Abstract

Highway traffic safety evaluation of area on the basis of the accident rate has a limitation, thus its result is
dependent on the exposure variables. It works an obstacle to decision making for effective budget execution. In
this paper, we developed a methodology of taking simultaneously macroscopic exposure indicators into account in
evaluating the safety using least squares method. The weight of exposure indicators to make up of highway traffic
safety evaluation index is that accident rate per population, accident rate per registration vehicle and accident rate
per length of road is 0.29, 0.52 and 0.19 respectively and calculated the highway traffic safety index of total local
governments in Korea. The methodology to calculate highway traffic safety evaluation index proposed in this
paper can be utilized in executing the traffic safety policies to increase the efficiency of investment about traffic

safety budget.
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Data Collection
+ Traffic Accident Data, Exposure Variables Data
(Population, Registration Number of vehicles, Road
Lengths)
- Data Collection by Local Governments(Area)

Calculation Accident Rate by Exposure Indicators

- per Population, per Vehicles, per Road Lengths

’ Elimination of Outliers
[
Calculation Relative Ratio of Exposure Indicators by
Local Governments(Area)

[

Simulation to calculate Weights by Exposure Indicators

+ Simulation by Weights Combination
twptwytwz=1
+ Calculation about Ranking of the Highway Traffic
Safety by Weights Combination
[

Draw a Optimal Weights(w) by Exposure Indicators

- Application a Method of Least Squares
- Draw a Weights to minimize a Change of Ranking
about the Highway Traffic Safety

Evaluation for the Highway Traffic Safety

- Application weights by Exposure Indicators
+ Comparison with results

Figure 1. Flowchart of Study
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Table 2. Results to eliminate outlies (Unit : Number)

Accident | Accident [Accident Rate
Category | Rate per | Rate per | per Road Total
Population | Vehicles Lengths
Total Data 230 230 230 230
Outliers 9 17 4 20
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AFE 7FEAE Atk e AlAEka, olE B3l Table 3. Example of weights combination
Ao 2 EMATE HI7R G 2B 483819 Step 1 Step 2
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w, W, w, w, W, w,
1) =EAEE VIS =2EE Tst 0.0 | 0.0 | 1.0 | 0.20 | 050 | 0.30
2nd 0.0 0.1 0.9 ]0.20 | 0.51 | 0.29
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b A1 EE N N N N N I

Al & AFolx] A < . . : : : : :
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A= QPIFd Be mRaeehis £48 dEst, 4th | 05 | 0.2 | 0.3 | 0.30 ] 042 ] 0.28
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S Aol wet & A7 bR E 27T F e
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Table 4. Calculation ratio of exposure indicators by local
govermnment(area)
CB 6. 2 Bl el e oleld 3y e
Average Accident Rates for 3 Relative Ratio of Exposure Indicators
& a5y TARM WEYst] 715 W pers 08 Myean) |0 T o Borte P
_ _ _ Category | Accident | Accident Accident | Ratio of Ratio of Ratio of
Fﬁ}% Z]Q—;iﬂeﬂ E_%.C{};ﬁ;_‘; ’/\E‘(H %E} % }']iﬁ}/\lﬂv‘f Rate per | Rate per Rate per | Accident | Accident Accident
- - . P Road Rate per | Rate per Rate per
7 }‘%‘z]% 5\— 71\5] X]—E] 77]'Z] E% 1y ‘/l: 2}]\ Population| Vehicles Length | Population | Vehicles |Road Length
Area 1 0.00530 | 0.01679 | 0.00454 0.545 0.620 0.863
Area 2 | 0.00377 | 0.01359 | 0.00286 | 0.388 0.502 0.542
2) 7EEA| AlEo|M Area 3 | 0.00368 | 0.01568 | 0.00281 | 0.379 0.579 0.534
Area 4 | 0.00270 | 0.01066 | 0.00390 | 0.278 0.393 0.740
= ~7 = = rea b 4 52 e 5 .
h:%x]j—ihﬂé 7]_%_ ] —Z‘—t}'oﬂ [q_% z]o_dlaej EEE_%Q_}:@ Axe.aa 0.09343 0A01.4a~ 0.09486 0.3.03 0.?36 0.?23
= AE B ERuEdE 9]0 WHES HAd) Area 206 | 0.00421 | 0.01250 | 0.00053 | 0433 | 0.461 0.100
_ - Area 207 | 0.00323 | 0.01009 | 0.00029 | 0.332 0.373 0.055
L x| 2ee © =3 o]l ok 2 0] 2%l : : .
A7E AR =ES] el 9 AR 4 Area 208 | 0.00392 | 0.00950 | 0.00196 | 0.404 0.350 0.372
W ZZEBA 7143 J2 3d7ke] Ay mEAlT: Area 209 | 0.00629 | 0.01490 | 0.00118 | 0.647 0.550 0.224
=T = IS
s vl e E e Area 210 | 0.00380 | 0.01301 | 0.00088 | 0597 | 0480 | 0.167
2 RSB E vlEo g 2L Al s A= Total | 0.97189 | 2.70953 | 0.52664 | 100.0 100.0 1000
Table S. Highway traffic safety evaluation index and ranking according to weights combination
Weights Combination (w, +w, +w,= 1)
Category Combina-|Combina-{Combina-|Combina-|{Combina-| Combina-{Combina-{Combina-|Combina-{Combina-| Combina-{Combina-{Combina-|Combina-|Combina-|
tion 1 | tion2 | tion3 | tion4 | tion 5 tion 41 | tion 42 | tion 43 | tion 44 | tion 45 tion 62 | tion 63 | tion 64 | tion 65 | tion 66
Accident Rate per
Population 00 | 00 | 00 | 00 | 00 04 | 04 | 04 | 04 | 04 08 | 08 | 09 | 09 | 10
Weights (w;)
Accident Rate per
Vehicles 0.0 0.1 0.2 0.3 0.4 0.2 0.3 0.4 0.5 0.6 0.1 0.2 0.0 0.1 0.0
Weights (w,)
Accident Rate per Road . .
Length Veights (o 10 | 09 | 08 | 07 | 06 04 | 03 [ 02 | 01 | 00 01 [ 00 | 01 | 00 | 00
Calculation of Highway Traffic Safety Evaluation Index(##75%) and Ranking of Highway Traffic Safety by Local Government(Area)
e 1 E"?ﬁ";ﬁ““ 0.863 | 0.838 | 0.814 | 0.790 | 0.765 0.687 | 0.663 | 0.638 | 0.614 | 0.590 0584 | 0560 | 0577 | 0552 | 0.545
Ranking | 163 | 165 [ 167 | 170 | 173 180 [ 186 [ 193 | 191 | 182 177 | 162 | 1w | 151 | 147
Step 1 Evaluation B - R
© ! 0.542 | 0538 | 0534 | 0.530 | 0.5% 0472 | 0468 | 0.464 | 0460 | 0.45 0415 | 0410 | 0403 | 0.399 | 0.388
e | Area 2 Index
Decimal Ranking 136 136 139 139 139 123 116 106 103 92 63 60 49 55 48
Places) Evaluation -
seas | Index 0534 | 0539 | 0.543 | 0.548 | 0.552 0481 | 0485 | 0.490 | 0494 | 0.499 0414 | 0419 | 0.394 | 0.399 | 0379
Ranking | 134 | 137 [ 140 | 141 [ 143 16 | 124 [ 122 [ 122 [ 12 62 66 3 54 42
N Bualuation | o 00 | 0,370 | 0.367 | 0.365 | 0.363 0.380 | 0378 | 0376 | 0.374 | 0.372 0395 | 0393 | 0400 | 0398 | 0.404
Area 208 Index
Raking | 118 | 118 [ 115 | 113 | 104 [ --- ] ™ 51 39 % 32 38 46 4 53 59
Bualuation | * 00 | 0,957 | 0289 | 0.322 | 0354 0458 | 0491 | 0523 | 055 | 0.589 059 | 0627 | 0605 | 0637 | 0.647
Area 209 Index
Ranking 94 95 95 | 101 [ 100 118 [ 129 [ 151 | 167 | 181 183 | 193 | 183 | 194 | 195
| Baluation o e | 0108 | 0220 | 026t | 0292 0401 | 0.433 | 0464 | 0495 | 0527 0542 | 0573 | 0554 | 0585 | 0.597
Area 210 Index
Ranking 71 73 70 64 66 90 93 [ 105 | 1938 | 139 138 | 172 [ 166 | 115 | 180
st &sts| x| #3313 M55, 20134 10 31
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Table 6. Calculation sum of square about deviation
between ranking by weights combination

Weights Combination
Category Combina- | Combina- | Combina-| = |Combina-| Total
tion 1 tion 2 tion 3 tion 66

Combina-tion 1 0 2,338 | 11,020 - 11,846,770 | 37,883,654
Weights| Combina-tion 2 | 2,338 0 4,026 - 11,807,406 | 35,904,802
Combin| Combina-tion 3 | 11,020 | 4,026 0 - |1,758 464 | 33,488,802
ation : : : cee : :

Combina-tion 66{1,846,770|1,807,406|1,758,464 | - - - 0 65,742,816

TheR] 23 =] HARY A
o] dRES Ve 9l

et Ze Ao A IR wEA BT
VA A W AFE wEo R Ay FAEA
e E a4 9o

o A9 = EF 65717
of71M 7teA 23 Ao rmEkdE =9t 23X FE 7FEA] 23] wE A =2k
ol Al HrFE &l oA At npek Zo] AlFF T &R AFEEE 2P A3 Table 73
Table 7. Results to calculate weights between exposure indicators (one place of decimal)
Step 1 Accident Rate per Population (w,)
Calculation Weights 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.0 37,883,604 | 35927418 | 33,667,294 | 31,237,448 | 28,738,976 | 25,711,556 | 21,892,772 | 19,038,554 | 22,059,768 | 39,724,116 | 65,742,816
0.1 35,904,802 | 33,635,880 | 31,033,646 | 28,693,486 | 25,564,692 | 21,719,140 | 18,614,020 | 20,346,744 | 36,447,878 | 63,284,302
0.2 33,488,802 | 30,937,514 | 28,683,354 | 25,472,874 | 21,879,844 | 18,418,140 | 19,210,092 | 33,543,222 | 60,677,056
Accident 0.3 31,096,978 | 28,708,150 | 25,537,790 | 22,066,130 | 18,516,134 | 18,433,724 %},237,568 57,953,380
Rate per 0.4 28,908,692 | 25,834,040 | 22,469,250 | 18,789,542 | 18,058,788 | 29,437,400 | 55,578,008
Vehicle 0.5 26,196,180 | 22,941,960 | 19,259,420 | 17,990,938 | 28,053,636 | 53,315,226
(w)) 0.6 23,562,672 | 19,826,178 | 18,243,212 | 26,952,454 | 51,488,392
2 0.7 20,665,948 | 18,783,442 | 26,370,878 | 49,742,912
0.8 19,590,308 | 26,259,636 | 48,684,794
0.9 26,249,926 | 47,793,080
1.0 46,794,306
Accident Rate per Vehicle (w;)
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
0.0 65,742,816 | 63,284,302 | 60,677,056 | 57,953,380 | 55,578,008 | 53,315,226 | 51,488,392 | 49,742,912 | 48,684,794 | 47,793,080 | 46,794,306
0.1 39,724,116 | 36,447,878 | 33,543,222 | 31,237,568 | 29,437,400 | 28,053,636 | 26,952,454 | 26,370,878 | 26,259,636 | 26,249,926
Accident 0.2 22,059,768 | 20,346,744 | 19,210,092 | 18,433,724 | 18,058,788 | 17,990,938 | 18,243,212 | 18,783,442 | 19,590,308
Rate per | 0.3 19,038,554 | 18,614,020 | 18,418,140 | 18,516,134 | 18,789,542 | 19,259,420 | 19,826,178 | 20,665,948
Road 0.4 21,892,772 | 21,719,140 | 21,879,844 | 22,066,130 | 22,469,250 | 22,941,960 | 23,562,672
Length 0.5 25,711,056 | 25,564,692 | 25,472,874 | 25,537,790 | 25,834,040 | 26,196,180
(w,) 0.6 28,738,976 | 28,693,486 | 28,683,354 | 28,708,150 | 28,908,692
0.7 31,237,448 | 31,033,646 | 30,937,514 | 31,096,978
0.8 33,667,294 | 33,635,880 | 33,488,802
0.9 35,927,418 | 35,904,802
1.0 37,883,604
Accident Rate per Road Length (w,)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.0 46,794,306 | 26,249,926 | 19,590,308 | 20,665,948 | 23,562,672 | 26,196,180 | 28,908,692 | 31,096,978 | 33,488,802 | 35,904,802 | 37,883,604
0.1 47,793,080 | 26,259,636 | 18,783,442 | 19,826,178 | 22,941,960 | 25,834,040 | 28,708,150 | 30,937,514 | 33,635,880 | 35927418
Accident 0.2 48,684,794 | 26,370,878 | 18,243,212 | 19,259,420 | 22,469,250 | 25,537,790 | 28,683,354 | 31,033,646 | 33,667,294
Rate per 0.3 49,742,912 | 26,952,454 | 17,990,938 | 18,789,542 | 22,066,130 | 25,472,874 | 28,693,486 | 31,237,448
Population 0.4 51,488,392 | 28,053,636 | 18,058,788 | 18,516,134 | 21,879,844 | 25,564,692 | 28,738,976
(w,) 0.5 53,315,226 | 29,437,400 | 18,433,724 | 18,418,140 | 21,719,140 | 25,711,556
- 0.6 55,578,008 | 31,237,568 | 19,210,092 | 18,614,020 | 21,892,772
0.7 57,953,380 | 33,543,222 | 20,346,744 | 19,038,554
0.8 60,677,056 | 36,447,878 | 22,059,768
0.9 63,284,302 | 39,724,116
1.0 65,742,816
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Table 8. Results to calculate weights between exposure indicators by weights combination(step2 : two places of decimals,

step 3: three places of decimals)

Step 2

Accident Rate per Population (w, )

Celeion Weihts [ 20 [ 021 [ 022 [ 0 | 04 [ 0% [ 0% | 02 | 08 [ 0%

0.30 0.31 0.34 0.3 0.38

0.39

040

040

32,309,440 { 29,100,080 | 25,6 819,546,148 | 16,916,864 | 15.28 8 | 12,336,134

11,518,504

11420776

041

6 | 20,147,186 8 | 15,335,252

99,208

11,191,020

11882170

042

6 | 292047

616

043

26381438

19 867‘340

0.4

| 06 | 33,392,044

6| 10.700,8%

10913110

Accident
Rate per

Vehicle

(wy)

80 | 33,551,020

4 | 40,963,056

40,285,944 | 49464346

0.56

48.440,8%4

0.57

0.58 | 14,059,060 | 12,

13,909,550 | 16,7546

059 | 12.654584

0.60 | 11,750,666 | 11,172,430 | 11,232,136 | 12,048,178 | 13

6| 16,717,054 | 20,619,582 | 17

37431472

Table 9. Final results to calculate weights

Accident Rate per | Accident Rate per [Accident Rate per
Category Population vehicle Road Length Total
(w,) (w,) (wy)
Weights 0.29 0.52 0.19 1.000
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Evaluation of the Highway Traffic Safety Exposure Measures

Table 10. Results to evaluate highway traffic safety

Population Vehicles Road Lengths | Integration Index
Accident Accident Accident
G F?ca] fate p?!’ Rank-| Ratsf per Rank-| Rate per |Rank-|Evaluation| Rank-
overnment Population| . vehicles | . X .
(1,000 ing (1,000 ing |Road Length| ing Index ing
person) vehicles) (k)
Gyeongbuk | Ulleung-gun 1.38 1 3.91 1 0.17 1 247 1
Incheon Ongjin-gun 1.90 3 473 2 0.18 2 3.04 2
Chungnam | Gyeryong-si 2.21 6 585 3 0.80 66 3.85 3
Junnam Sinan-gun 2.20 5 6.87 6 0.24 6 4.25 4
Gyeonggl Gunpo-si 1.88 2 6.16 4 293 147 430 5
Daejeon | Yuseong-gu 2.80 14 6.77 5 1.75 122 4,66 6
Chungnam Asan-si 283 16 7.10 7 0.91 Vi 4.69 7
Gyeonggi | Ulwang-si 2.57 9 7.76 9 2.34 135 5.23 8
Gyeonggl Yongin-si 2.90 19 767 8 3.55 157 551 9

Incheon | Ganghwa-gun | 3.34 31 8.67 12 0.82 69 5.63 10

Gyeonggi | Anyang-si 2.53 8 8.21 10 3.75 161 5.71 11

Gyeonggi | Gwangmyeong | 2.45 7 9.05 16 3.26 153 6.04 12
Gyeonggi | Yeoju-gun 4.33 90 8.89 14 0.9 81 6.07 13
Gangwon | Yanggu-gun | 3.66 43 9.69 29 0.26 8 6.15 14
Gyeongbuk | Uiseong-gun | 3.79 52 9.61 2 0.44 25 6.18 15
Chungbuk | Goesan-gun 3.90 59 9.68 2 0.26 7 6.21 16

Gyeongnam | Hapcheon-gun | 3.23 25 10.09 34 0.29 12 6.24 17

Gangwon Inje-gun 3.96 63 9.7 30 0.27 1 6.25 18

Gyeonggl Ansan-si 3.25 2% 9.23 18 273 142 6.26 19

Incheon Dong-gu 2.80 15 8.53 1 5.37 187 6.27 20

Seoul Guro-gu 3.73 49 1153 72 541 189 | 812 9%

Gangwon | Taeback-si 476 118 12.75 112 0.79 65 8.16 97

Junbuk | Jangsu-gun 472 116 13.02 121 0.27 10 8.19 98

Gangwon | Pyeongchang | 5.75 179 12.38 98 047 30 8.19 9

Busan | Geumjeong-gu |  3.69 45 12.14 91 4.35 172 821 100

Gyeongnam |  Yangsan-si 448 100 | 1293 119 1.00 84 8.22 101
Junbuk Wanju-gun 5,31 154 1253 103 0.86 73 822 102
Junbuk | Gochang-gun | 4.78 120 12.92 118 0.59 45 8.22 103

Gyeonggi Icheon-si 5.04 138 12.20 93 2.31 132 824 104

Gyeongbuk | Gyeongsan-si |  5.09 142 12.55 104 1.30 104 8.25 105

Junbuk Gunsan-si 483 124 127 111 1.33 07| 828 106

Junnam  |Jangseong-sun| 5.17 148 12.88 116 0.58 41 831 107

Junbuk | Namwon-si 4.85 125 13.06 122 0.63 47 8.32 108

Gyeonggi | Pyeongtaek-si |  4.99 133 12.27 95 2.78 143 8.36 109

Junnam | Gokseong-gun | 4.63 111 13.56 128 0.51 33 8.49 110

Gyeonggi | Goyang-si 3.70 47 11.07 56 8.90 226 | 852 111
Incheon Jung-gu 573 178 11.75 80 421 171 8.59 112
Chungnam | H 511 145 | 1316 123 143 112 | 860 113

Gyeongbuk |  Uljin-gun 477 119 | 1366 131 0.59 43 8.60 114

Jeju Seogwipo-si 5.80 18| 1301 120 0.88 7 8.61 115

Junnam | Gangjin-gun 6.78 212 19.71 213 1.03 89 1244 | 211

Gangwon Wonju-si 751 218 19.27 211 2.22 131 1262 | 212

Seoul Jungnang-gu 481 122 19.95 214 6.32 206 | 1297 | 213

Junnam Mokpo-si 6.60 209 20.27 216 3.34 155 | 13.09 | 214

Seoul | Dongd: 500 | 134| 2038 | 217 5.63 192 1312 | 215
Daegu Nam-gu 6.27 | 19| 1942 | 212 6% 216 | 1323 | 216
Gyeongbuk | Gyeongju-si 8.21 222 | 20.07 215 2.21 130 | 13.24 | 217
Gangwon Sokcho-si 7.29 217 20.75 219 2.64 139 | 1341 218
Gangwon | Yangyang-gun |  8.51 24 2092 220 0.79 63 | 1350 | 219

3
2
=B
=
o

1.58 17 1385 | 220

5|

Junnam Naju-si 8.88 1.14 9 14.06 221

1
2
Gyeongnam | Tongyeong-si 6.20 19
2
2

34
=
=
&
s

SIS
3

&3
0o

=

o

2!
Busan Jung-gu 8.27 223 6.05 204 | 1473 222

Gwangju Seo-gu 1 219 20.69 218 10.28 28| 1494 | 223
Seoul Jongn-gu 898 | 26| 2252 | 24| 554 191 | 1637 | 24
Daegu Seo-gu 713 215 22.57 225 8.34 225 1539 | 225
Busan (Gangseo-gu 1265 | 229 22.30 223 2.51 136 | 1574 | 226

Junnam | Yeongam-gun | 10.60 | 227 24,99 228 1.65 119 | 1638 | 227

Gwangju Dong-gu 7.99 220 26.78 229 8.26 24| 1781 228
Seoul Jung-gu 1150 | 228 | 2437 | 227 | 13100 | 230 | 1850 | 229
Daegu Jung-gu 1450 | 230 | 3677 | 230 | 1028 | 229| 2528 | 230
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