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e The road safety issue
-- 1.3 min fatalities/year in 2004 to 2.4 min in 2030
-- 9t position in causes of death in '04 to 5th by '30
e Road safety indicators
-- Quantify the current safety situation
-- Gain insight into the crash process and
-- Monitor the effectiveness of safety actions
e A composite road safety index
-- Reduce the complexity of the problem
-- Represent a multi-dimensional concept and
-- Evaluate overall safety performance
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Figure 1. Atarget hierarchy for road safety, based on the New
Zealand-hierarchy (LTSA, 2000) and SUNflower (Koornstra et
al., 2002)
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Table 1. Hierarchical structure of RSIs (SUNflowerNext 2008)

An overall
road safety
mndex

Personal safety Fatalities per million inhabitants (F1)
— — S
Traffic safetv Fatﬂges per rthFur.LpassEﬂger cars (F2)
_ ) Fatalities per 10 billion passenzer-kon travelled (F3)
Final outcome — , , . "
indicators Traffic injury Injury accidents per fatality (F4)
Share of pedestrian fatalities out of the total fatalities (F3)
Vulnerable road users Share of bicyclist fatalities out of the total fatalities (F§)
Share of motorcychist fatalities out of the total fatalities {E7)
Alcohol Share of the total fatalities in dank-dnving accidents (51)
. Davytime weating rates of seat belts i the front seats {(52)
Protective svstems - — -
Safety ) Davytime weanng rates of seat belts mn the rear seats (83}
petformance Crashworthiness of the | Averaze EuroNCAP score of the passenger car fleet (54)
mndicators passenger car fleet

Vehircles

Median age of the passenger car fleet {83)

Vehicle fleat
composition

Share of motorcycles in the vehicle fleet {36)

Share of heavy zoods vehicles in the vehicle fleet {37)

Policy performance indicators

The availability and ambition of national safety targets (F1)

Selection of mterventions (P2)

Economic evaluation (F3)

Monitoring the prozramine’s performance (P4)

Prozramine’s stakeholders {(P3)

Structure and culture dicators

Number of passenger cars per 1000 inhabitants (C1)

Population per 1 km” of country’s temitory (C2)
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Table 2. Ordinal and normalized numerical data
Introduction
RS'S Counry  F1 F2 F3 F4 F5 Fa F7 51 52 53 4 S5 56 57 Pl P2 P3 P4 Ps5 C1 c2
—_— AT 076 081 075 018 080 069 039 082 062 051 017 0469 042 080 1 3 2 2 1 037 078
Data BE 069 072 076 047 093 0357 048 087 030 014 047 077 076 0064 2 2 2 2 2 046 012
Method CY 063 067 045 060 035 09 003 034 03 030 023 051 068 000 1 2 2 2 1 044 082
- CZ 067 060 053 079 066 047 064 084 032 000 024 035 028 077 2 3 2 2 2 063 060
M D 094 086 094 084 064 048 051 032 068 066 022 071 072 018 1 2 2 2 2 070 071
Discussion EE 040 031 042 093 038 08 03856 016 038 022 062 018 097 046 2 3 2 2 1 060 0096
- FI 089 000 0095 080 091 041 068 031 076 086 014 033 032 061 1 2 2 2 2 045 100
COﬂClUSIOﬂ FR 082 O08p 000 OB 0093 08 022 015 100 075 025 0461 074 048 1 1 2 1 1 038 074
DE 091 0098 093 000 084 032 041 085 097 100 000 0B 0352 100 1 2 2 1 2 023 043
EL 042 034 042 098 076 100 000 069 051 020 024 064 017 026 1 2 2 2 2 06l 082
HU 033 017 000 087 033 039 066 074 019 028 020 064 088 05335 1 3 2 2 2 089 075
IE 077 073 062 083 066 09 046 036 070 043 021 093 099 042 2 2 2 1 2 0359 088
IT 072 084 086 040 089 079 021 0093 030 011 034 06 000 078 3 4 3 3 4 015 032
LV 026 000 007 097 000 072 087 036 046 013 047 045 088 037 2 3 2 2 2 073 004
<CIT 000005 035 100 014 078 061 065 000 000 100 000 100 084 2 3 2 2 2| 046 090
LU 083 005 0095 078 099 Q0098 100 100 05 062 027 100 055 083 1 4 2 2 2 000 036
.98 097 0535 100 000 039 035 08l 067 004 08 073 063 1 1 2 1 1 033 000
NO 095 005 091 057 082 088 049 000 08 092 036 04 058 028 2 1 1 2 2 032 100
FL 049 026 016 100 020 042 087 071 049 013 018 027 083 044 2 3 2 2 2 075 072
PT 074 069 061 050 077 08 020 066 070 042 025 048 060 002 2 3 2 2 2 062 073
SK 065 019 024 091 100 075 075 065 043 014 034 074 088 039 2 3 2 2 2 100 073
SI 052 0390 069 036 08 076 032 005 073 022 041 09 082 003 2 3 2 2 2 042 078
ES 073 075 067 072 079 097 041 064 038 050 021 068 031 030 1 3 2 2 2 048 081
SE 098 007 0099 043 080 074 048 000 08 079 0090 0.4 057 075 1 1 1 1 1 048 008
CH 097 100 100 011 061 032 028 043 039 053 018 071 042 002 1 1 1 2 1 034 036
UK 095 0095 097 010 059 081 042 049 081 093 020 0™ OB 0066 1 2 2 1 1 046 038
universiter 4th IRTAD Conference,
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What is DEA:

-- a mathematical programming methodology to measure
the relative efficiency of a set of decision making units

Why DEA.:
--Make use of country-specific characteristics
--Provide information on priorities for policy action

DEA model based composite index (Cl):
Cl, =max ) Vv;X,

i=1

st. va <1, j=1---,n

]

V.>2¢g, 1=1---,m

n countries, m indicators, x: indicator value, v: indicator weight

4th IRTAD Conference, Seoul, 16-17 September 2009
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e The proposed MLDEA is an extension of the basic DEA

Introduction

RSIs model:

—,[\),laetfhod -- Taking the hierarchical structure of the indicators
-DEA iInto account

-MLDEA

Results Weighted sum approach within the same category

Discussion ; h | id f d ..
conclusion -- Incorporating the value judgment from decision

makers or experts

Similar importance of the indicators within the same category;
Share. > 2Share; > 3Share, > 4Share.

-- Treating the numerical and ordinal data differently
V(4) =2V (2)
VO >V(2)>VR3)>V(4)>---

IJ"l"‘Wf’]"Sin‘i 4th IRTAD Conference, Seoul, 16-17 September 2009
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Table 3. The overall results from the MLDEA model
Introduction
RS'S AT |BE |CY CZ DE EE FI FR DE EL HU IE IT LV LT LU NL NO PL PT SK & ES SE CH UK
—_— AT 091|083 084 082 081 083 080 081 080 078 0.79 0.77 088 077 077 077 083 079 080 0385 079 083 083 08 0288 082
Data BE 082|0.8 (080 084 081 081 0380 076 080 079 0.8 0583 084 080 081 078 075 077 083 0383 084 083 080 078 079 079
Method CY 079(07510.78 072 076 074 074 073 073 072 071 073 077 070 071 063 070 067 073 074 071 073 075 0.72 073 075
—_— CZ 085|085 |0.79 D88 080 082 079 076 076 079 0.8 082 0090 081 084 077 071 076 085 083 084 082 083 077 082 072
RGSUltS DK 098|009 |097 094 000 092 007 090 097 002 095 094 000 002 093 085 000 090 094 007 002 095 098 001 092 098
Discussion EE 075|073 [0.76 075 072 0.82 [].}‘5 064 070 074 074 079 070 079 0063 064 009 078 072 077 073 074 073 070 0067
N FI 100)1.00 (099 095 100 094 @l' 100 093 095 095 100 094 094 088 092 093 006 090 (0094 007 090 094 0094 QO8
COﬂClUSIOn FR 0980093 |1.00 090 097 085 09 *U.QQ 090 091 094 003 091 090 080 0098 091 092 094 090 094 094 09 094 Qo0
DE 0921092 (090 088 092 086 090 OF06 006 085 084 085 000 082 080 086 092 082 085 094 084 090 091 08 001 0094
EL 080|0.8 |082 082 085 078 084 078 076 084 0.78 084 085 078 081 071 068 073 080 079 082 079 084 074 077 074
HU 078|077 |0.78 0583 079 080 079 074 068 077 0.80 (.80 084 078 079 072 065 073 082 075 080 075 083 0.78 0.76 066
IE 094|097 |096 095 007 095 0904 091 095 091 002 *U_QE 093 094 083 086 090 0096 0095 0094 095 095 090 091 091
IT 0771073 1072 070 067 069 067 069 072 069 068 069 084 066 068 066 071 068 068 071 067 070 068 072 0.79 072
LV 065|068 [0.70 073 071 076 0.70 0.67 056 068 0.70 0.72 075 074 075 061 053 066 074 067 074 069 072 065 063 055
LT 0611066 (064 071 064 074 068 065 0352 067 068 070 072 073 075 04l 050 061 072 062 075 067 068 062 060 033
LU m@mmm@wmmmﬂmmmm*mmmmmm@mm
NL (097|002 |095 082 002 090 089 094 097 084 080 080 (080 085 082 l:l: 080 002 085 0090 090 003 005 0QOR
NO 096|092 1096 001 096 091 096 092 0096 088 0091 093 000 091 091 082 091 0.93 008 000 090 00906 095 096 004
PL 076|077 |0.77 083 077 081 076 074 067 075 0.79 0.79 082 080 081 070 064 072 083 076 081 075 080 0.73 0.74 064
PT 085|085 |08 084 083 081 081 078 078 079 080 0581 090 080 081 074 074 080 083 0.87 083 084 085 0.79 081 076
SE 087(0090 (088 093 089 091 088 085 078 086 0.8% 0902 005 090 092 080 073 084 002 086 093 080 090 08 0285 075
ST 073(0.7 (071 072 073 074 071 070 069 066 060 073 078 073 073 066 066 070 073 074 075 078 071 0.70 0.69 067
ES 090|080 (0.86 088 087 084 087 083 085 085 087 086 092 085 087 0.8 080 08+ 087 082 087 087 0901 084 085 083
SE 100|097 (090 082 006 094 095 097 100 087 090 002 00% 080 088 081 098 0QO% 001 00§ 088 005 093 1.00 100
CH 089|084 (083 078 081 078 079 080 085 074 077 074 085 074 073 074 087 082 078 0384 074 081 079 UE 091 088
UK 0941090 092 083 0090 088 088 087 093 082 083 085 0090 082 080 079 093 086 084 091 081 0820 088 090 090 097
vniversitel
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Figure 2. Ranking of the 26 European countries
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Figure 3. Assigned weights (and shares) in each layer of the hierarchy
for Belgium
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Valuable results:

-- Based on the country-specific models, the most optimal
road safety index score is calculated, and countries ranked.

-- The weights allocated in each layer of the hierarchy can
be deduced for each country, which lead up to priorities for
policy action.

Limitations:

-- Sensitive to sample size, indicator specification, and
chosen weight restrictions.

Solutions:

-- As many countries as possible should be considered,
appropriate indicators selected, and accepted views from
experts adopted.

4th IRTAD Conference, Seoul, 16-17 September 2009



>
iy

sitel
1asse

mob

STITUUT
VOOR MOBILITEIT

-
s |

unive

Conclusion

Introduction
RSIs

Data
Method
Results
Discussion
Conclusion

universitei

»p»hasselt

There is a growing need for a country to evaluate its
road safety performance and compare it with that of
other countries.

Data envelopment analysis has proven valuable in
creating a composite road safety index.

A multiple layer DEA model is proposed to reflect the
hierarchical structure of the indicators and meanwhile
deal with both quantitative and qualitative data.

A countries’ ranking is set up representing the overall
optimal road safety performance, and the
assessment of the weights on the various layers of
the hierarchy helps in guiding policymakers to take
appropriate action for each country.

4th IRTAD Conference, Seoul, 16-17 September 2009
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Thank you for your attention

yongjun.shen@uhasselt.be
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